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YeaoKaeM-bie Kojuiezu, 
yuacmuuKU 3-zo CuöupcKozo 
noAnpu3auuonnozo cejnunapa 
CUöIIOA 2004! 

fl paß npi-iBeTCTBOBaTb CTOjib innpoKo 
npeflcrraBJieHHyio HayHHyio o6mecTBeHHocTb 
3flecb, B cTeHax CypiyrcKoro rocyflapcTBeH- 
Horo yHMBepcMTeTa. KaK peicropy yHMBepcM- 
Tera MHe npuHTHO oco3HaBaTb, HTO opraHM- 
3au,MH TaKoro npeflCTaBMTejibHoro Hay^Horo 
cpopyMa Ha 6a3e Hamero yHMBepcMTeTa HB- 

jiaeTCH npM3HaHMeM flocTM3KeHMM Hamero 
Mojiofloro yHMBepcMTeTa B HayHHoß o6jiacTM. 

CypryrcKOMy yHMBepcMTery Bcero 11 JICT. 

3a 3TOT KOpOTKHM npoMeMcyroK BpeMeHM, H 
Ayiviaio, HTO HaM yflanocb co3AaTb B yroreep- 
CMTeTe TBopnecKyro aTMoctpepy, HeoTibeM- 
JieMblM KOMnOHeHTOM KOTOpOM HBJ1HIOTCH Ha- 
yHHbie MccjieflOBaHMH. 

TeiwaTMKa ceMMHapa MHe, cpM3MKy-reope- 
TMKy, 6jiM3Ka M noHHTHa. MccjieflOBaHMe BeK- 
TopHoii npMpoflW ajieKTpoMarHMTHoro noJiH 
M B03M0JKH0CTM MCn0JIb30BaHMH paajIMHHbDC 
npOHBJieHMM  BeKTOpHblX   CBOMCTB   nOJIH  flJIH 
pemeHHH npMKJiaflHbix 3a#aH - HecoMHeHHO 
aKTyajibHoe Hay*raoe HanpaBjieHMe. Co3flaBa- 
eMbie Ha 6a3e OTMX MCCjieflOBaHMM npM6opbi 
M CMCTeMbI «MCTaHUMOHHOrO 30HßMp0BaHMH OK- 
pyacaiomeM cpeflM oco6eHHO Heo6xoflMMbi npM 
OCBOeHMM M yCTpOMCTBe KOMCpOpTHbDC yano- 
BMM MCM3HM B TaKMX paßoHax, KaK Hauia 
HeO&bHTHa« CMÖMpb. 

Dear colleagues, 
participants of the 3rd 
Siberian Polarization 
Workshop SibPol   2004! 

It's my pleasure to welcome the 
members of the scientific society 
here, in the Surgut State University. 
Being the Rector of the University 
I am glad and proud, that organiza- 
tion of such a representative scien- 
tific forum on the basis of our young 
University is the recognition of our 
achievements in research. 

The Surgut University is only 11 
years old. During such a short period 
we managed to build up the creative 
climate, compulsory part of which is 
the scientific research 

I myself study theoretical physics 
and the subject of the workshop is 
understandable and dear to me. 
Investigation of the electromagnetic 
field vector nature and possibility 
to utilize these vector properties while 
solving some applied problems is the 
issue of the day. Devices and systems 
built using the results of this inves- 
tigations and used to sound the 
environment are especially needed 
to make life comfortable in such vast 
areas as Siberia. 



MHe   OCo6eHH0   npMHTHO   npHBeTCTBO- 
BaTb Haiiinx floporux rocTeü, He noacaJieB- 
UIMX ycHJiMM H cpeflCTB Ha npeofloJieHHe 
6oJibuiiix paccTOHHMe M rpaHim, fljin Toro 
HTO6W noceTMTb HauiM cypoBbie, HO oneHb 
rocTenpMMMHbie MecTa. Hafleiocb, B Bauiefi 
naMHTH ocTaHyTCH He3a6biBaeMbie BnenaT- 
jieHMH o BCTpenax M njio^oTBopHOM pa6o- 
Te B ropofle CypryTe Ha TpeTbeM cn6np- 
CKÖM nojrapn3auJioHHOM ceMHHape. 

ycnexoB BaM M TBopnecKnx y£an! 

It is my special pleasure to 
welcome our dear gusts, who spent 
a lot of efforts and means to over- 
came all difficulties and long distan- 
ces to see our severe, but hospitable 
locality. I hope your memory would 
keep unforgettable impressions of 
meetings and productive activity in 
Surgut at the 3rd Siberian Polarization 
Workshop. 

I wish you all the success and 
creative luck! 

PeKmop Cypry, 
npoißeccop, 

aicadeMUK MAM u IIAHM 
P.M. Ha.3UH 

Rector SurSU, 
Professor, 

Academician of IIA and PAS A 
G.I. Nazin 



YeaoKaeMbie Kojuiezu Dear colleagues! 

BnepBbie Cn6npcKMM nojiHpH3auHOHHbiM 
ceMMHap 6bin npoBeaeH B TOMCKOM rocyflap- 
CTBeHHOM yHMBepcMTeTe CMCTeM ynpaBJieHMH 
M paflMoajieKTpoHMKM B 2000 rosy. Ha ceMM- 
Hape 6buiM npeACTaBJieHbi 7 fl0KJia,n,0B co- 
TpyflHMKOB  TYCyP,  nOCBHiqeHHbie B03MCÖK- 
HOCTHM ncncwib30BaHMH Hay^Horo noTeHipiajia 
yHMBepcMTeTa fljin peineHUH aKTyajibHbix 
3aflan nojiHpw3aij;jioHHOM paflMojioKauwH. 

3TO He6ojibiuoe HaynHoe MeponpnaTne, 
B KOTopoM npMHHJi yHaeme ^MpeKTop Me>K- 
AyHapoflHoro MccjieflOBaTejibCKoro ueHTpa 
TejieKOMMyHMKai^MM M pa^MQjioKauHM (IRCTR) 
JJejadxrcKoro yHMBepcMTera TexHcwiornM npo- 
cbeccop JIH. JlMTxapT, noenyjKMJio TOJIHKOM 

fljiH opraHM3ai^MM .zjojiroBpeMeHHoro coTpyA- 
HwraecTBa poccraicKMX M rojuiaHACKMX yneHbix. 
B KOpOTKMM CpOK 6bIJIO 3aKJIK)HeHO HeCKOJIbKO 
Me»flyHapoflHbix KOHTpaKTOB, opraHM30BaH 
BM3HT B HMAepjiaHflbi peicropa TYCyP npo- 
tpeccopa AB. Ko63eBa, noflnncaHO comameHHe 
o co3flaHHM B cocTaBe TYCyP Cn6wpcKoro 

4>MJiMajia IRCTR. 
BTOpOÜ CMÖMpCKMM nC0IHpW3aUMOHHbIM ce- 

MMHap 6bui npoBe^eH B ToMCKe B 2002 r. Ha 
HeM o6cyMCAajiMCb pe3yjibTaTbi nconeAOBa- 
HKH,  CBH3aHHbIX C npoSjieMOM OflHOBpeMeH- 
Horo M3MepeHMH nojiHbix MaTpwu; pacceaHMH 
paflwojioKaqMOHHbix o6"beKTOB. Pa6oTbi, flo- 
jic«ceHHbie Ha ceMHHape, nocjryHOinM OCHOBOM 

npeflJioJKeHMM o pa3pa6cmce noaiHpM3aLjHOHHbix 

Siberian Polarization Workshop 
first took place in 2000. It was orga- 
nized by the Tomsk State University 
of Control Systems and Radioelectro- 
nics. Seven papers were presented by 
the people from TUCSR The authors 
of these papers discussed the possi- 
bility to use the scientific potentials of 
the University in solving the important 
problems of polarization radars. 

Prof. L. Ligthart, the Head of the 
International Research Centre of Tele- 
communication and Radar (IRCTR) took 
part in the first Workshop. This small 
scientific event gave start to the long 
living collaboration of the Russian 
and the Dutch scientists. During short 
period several international contracts 
were concluded, the Rector of TUCSR 
visited Delft University of Techno- 
logy (the Netherlands); the agreement 
to organize the Siberian Branch of 
IRCTR in Tomsk at TUSCR was 
signed 

The Second Siberian Polarization 
Workshop took place also in Tomsk. 
Results of investigation devoted to the 
problems of simultaneous estimation 
of radar object's backscattering matrix 
were discussed there. The discussed 
results became the basis for the pola- 
rization radars of new generation meant 



PJIC HOBoro noKOJieHMH AJIK oSHapyjKeHHH 
M onpeflejieHMH Koop/pmaT CJIOJKHWX He- 
CTa6mibHbix o6-BeKTOB npupopHoro n MC- 

KyCCTBeHHOrO npOMCXOJKfleHMfl. 
TpeTMii nojiHpn3ai;HOHHbiii ceiwuHap 

npoBOflHTCH B MOJioflOM CypryTCKOM rocy- 
flapCTBeHHOM yHHBepCHTeTe, SblCTpbIMM TeM- 

naMM HapamMBaiomeM CB0^ HayHHo-TexHH- 
necKMM noTeHuwaji. TeiwaTMKa ceMMHapa 
3HaHMTenbH0 paciiBipeHa. B nporpaMMy BKJHO- 

HeHO OKOJIO 40 flOKJiaflOB,  B T0M xjMCJie flOK- 

jiaflbi BeAymwx cneunajiMCTOB B oöjiacra no- 
JIHpM3aUH0HH0H   paflMOJIOKaUMM   H3   CIIIA, 
HwflepjiaHflOB, yicpaHHbi, a TaiOKe M3BecT- 
Hbix yqeHbrx 3Toro HanpaBJieHMH M3 MOCKBM, 

CaHKT-E[eTep6ypra, ToMCKa, KpacHonpcKa. 
PHA flOKJiaflOB c pe3yjibTaTaMM opnraHajib- 
Hbix HayHHbK MccjieflOBaHMM npeflCTaBJieH cne- 
ipiajiMCTaMH CypryTCKoro rocy^apcTBeHHoro 
yroiBepcMTeTa. 

IIporpaMMHbiM KOMMTeT HcejiaeT BceM 
ynacTHMKaM ceMMHapa roioflOTBopHbix KOH- 

TaKTOB, ycnexoB B HaynHon fleHTejibHOCTM, 
paciimpeHMH Hay^Horo B3anM0,n;eMCTBiiH M 

COTpyflHMHeCTBa. 

to detect and to measure coordinates 
of non-stable complex objects of 
natural and artificial origin 

The Third Siberian Polarization 
Workshop takes place here in Surgut 
at the rapidly developing University. 
The field of the problems meant to 
be discussed became much wider. 40 
papers are included in the program, 
among them the papers of the 
leading scientists from the USA, the 
Netherlands and Ukraine as well as 
from Moscow, St. Petersburg, Tomsk 
and Krasnoyarsk Several papers with 
the important results of the research 
were presented by the people from 
the Surgut State University. 

The Program Committee wishes 
to everybody productive contacts, 
success in research, opportunity to 
widen scientific contacts and colla- 
boration. 

Ilpocßeccop r.C.UIapuzuH 
JJpedcedameji-b npozpaMMuozo 

KOMumema CU6[IOA-2004 

HayuH-uu pyicoeodumejib HMM PTC 
rycyp 

Professor G.S. Sharygin 
SibPol-2004 Program 
Committee Chairman 

Research Director of RIRS 
TUCSR 



HayMHbie HccjieAOBamui H Haymuii 
noTeHUHaji CypiyrcKoro 

rocyaapcTBeHHoro yHHBepcHTeTa 

H.H. Baay^HH1, H.H. HJDOCHHH2 

CypryrcKHK rocyaapcTBeHHWo yHHBepcHTeT, 
626400, CypryT, TIOMCHCKOH O6JI., 

yji. 3HepreTHKOB, 14 
E-mail: ' bnn@mail.ru; 2 pii@no.surgu.ru 

Scientific Research and 
Potential of Surgut State 

University 

N.N. Badulin ', I.I. Pljusnin2 

Surgut State University 
Energetikov Str. 14, Surgut, 626400 

E-mail: ' bnn@mail.ru; 2 pii@no.surgu.ru 

CypryrcKHft rocyaapcTueHHbiH yHHBepcHTCT 
(Cypry) HBJiaeTCfl JwpoM CHCTCMM Bbicmero 
06pa30BaHHH XaHTM-MaHCHftCKOrO aBTOHOMHO- 
ro OKpyra. OöecneqeHHe perHOHa BbicoKOKBa- 
^HfpHUHpoBaHHMMH cneuHajiHcraMH - raaBHaa 
3aflaMa yHHBepcHTeTa. BaxHyio pojib HrpaeT yHH- 
BepcHteT H B yflOBJieTBopeHHH noTpe6HOCTeft 
OKpyra B Hayrobix HccjieaoBaHHHX. 

HanpaBneHHa HayHHbix HccjiefloBaHHH on- 
peflejiaioTCH cneuHrpHKofl pa3BHTHa SKOHOMH- 

necKoro noTCHUHajia paftoHOB CeBepa CH6HPH, 

opHeHTHpoBaHHbix Ha flo6biny H nepepaöoncy 
yrjieBOÄopoÄHoro cbipbH. 3TOH cneuHcpHKe co- 
nyTCTByeT KpaHHHH  paHHMOCTb H   HeyCTOftHH- 
BocTb npHpoflHbix 3KOCHCTCM CeBepa H Heo6- 
xoflHMOCTb o6ecneneHHH B STHX yonoBHHX 
pa3BHTHH npoH3BOflCTBa H o6ecneieHHH Hace- 
jieHHio Hawiexawero ypoBHH KOM<popra. 

HayHHbift noTeHUHan yHHBepcHTeTa, npeayie 
Bcero, onpeÄejiHeTca ero npo(peccopcKO-npeno- 
aaBaTanbCKHM cocraBOM. B HacroHiiiee BpeMH B 

Cypry paooxaiOT 92 npocpeccopa, aoKTopa Hayx 
H 195 floueHTOB, KaHflnaaTOB Hayx. Bo3raaBjiHeT 
yHHBepcHTeT peicrop TeoprHH HßaHOBHH Ha- 
3HH, nporpeccop, aKaneMHK MAH H I1AHH. B 
cocTaB yHHBepcHTeTa BXQUHT 10 rbaicyjibTeTOB: 
1. rpaKyjibTCT HHrpopMauHOHHbix TexHonornft; 
2. HHxeHepHO-rpHSHqecKHH (paKyjibTeT; 
3. 3K0H0MHHeCKHH (paKyjibTeT; 
4. ropHUHHecKHH (paKy^bTeT; 
5. MeflHUHHCKHft (paKyJibTeT; 
6. GHOJiorHHecKHH (paKyjibTeT; 
7. rpaKyjibTCT <pH3HHecKOH KyjibTypbi; 
8. rpaKyjibTCT ncHxcxnoniH; 
9. rpaKyjibTCT JIHHTBHCTHKH; 

10. HCTopHqecKHH (paKyjibTeT. 
OcHOBHaa HayMHO-HcaieflOBaTejibCKaa aea- 

Surgut State University (SurSU) is 
the kernel of the Khanty-Mansy 
Autonomous Region Higher Education 
system. The main goal of the University 
is to provide highly qualified specialists 
for the region. The University also satis- 
fies the region demands in research. 

Directions of the research are defined 
by the character of the North Siberia 
development oriented on oil production. 
Oil production is connected with the 
danger to the natural ecology of the 
North and needed proper organization. 
The population also should be provided 
with needed comfort. 

The high level of the research strongly 
depends on the University staff. At 
present 92 Professors and 192 Assistant 
Professors are working at the Surgut State 
University. The Head of the University if 
the Rector - Georgii Ivanovich Nazin - 
Professor and member of two Russian 
Academies. There are 10 faculties at the 
University: 
1. faculty of Information Technology; 
2. engineering-physical faculty; 
3. economical faculty; 
4. faculty of law; 
5. medical faculty; 
6. biological faculty; 
7. faculty of physical training; 
8. faculty of psychology; 
9. faculty of linguistic; 
10. history faculty. 

46 chairs and 28 research department 

10 



Scientific Research and Potential of Surgut State University 

TejibHOCTb B Cypry ocymecTBJineTCH Ha 46 Ka- 
(pe/max H B 28 HayHHbix noflpa3flejieHnax. Bejry- 
IUHMH noflpa3ÄejreHHHMH HBjiaiOTca: 
1. HayHHo-HcarceflOBaTejibCKHH HHCTHTYT npn- 

po,aonojib30BaHHJ3 H 3KOJiornn CeBepa; 
2. yHeÖHO-HayHHHH   HHCTHTyT KH6epHeTHKH, 

HHCDOpMaTHKH H TeJieKOMMyHHKaUHH | 
3. UeHTp HHCpOpMaiTHOHHblX TexHOJion™; 
4. ueHTp 3Heproc6eperaiomHX TexHOjionrä; 
5. Jia6opaTopHH MaTeMa-nmecKoro MOflejmpo- 

BaHHa; 
6. jia6opaTopHH 6HOKn6epHeTHKH H 6nod)H3H- 

KH cjioxHbix cHcreM; 
7. jia6opaTopnH CHCTCM TejieKOMMymiKauHH H 

MOHHTopHHra oKpyxaiomeH cpe/rbi; 
8. Jia6opaTOpHH   paflHO(bH3HqeCKHX  MeTOflOB 

HccjieflOBaHHH; 
9. jia6opaTopHfl coimojioraHecKHx nccaieaoBaHHH. 

B yHHBepcHTeie oTKpbrra acnHpamypa no 35 
cneuHajibHOCTHM, B KOTOpon B HacToamee Bpe- 
Mfl ooynaioTCH 350 acnnpaHTOB. B nacTHOcTH, 
o6yneHHe ocyiuecraiHeTCH no cjieiryiomHM cne- 
unajibHOCTHM ecTecTBeHHO-HayHHoro HanpaB- 
jieHna: 
1. paflHO(j)H3HKa; 
2. cncTeMHbift aHajiH3, ynpaBJieHHe H o6pa6oT- 

Ka HHcpopMauHH; 
3. MaTeMaranecKoe n nporpaMMHoe oöecnene- 

HHe BblHHCJIHTeJIbHblX MaUIHH, KOMITJieKCOB 
H KOMnbiOTepHbix ceTen; 

4. MeTOflbl H CHCTeMbI 3amHTbI HH(pOpMaUHH, 
HHcbopMaunoHHaa 6e3onacHOCTb. 
YneHbie Cypry BHHMaTejibHO OTHOCHTCH K 

Hay^HO-TexHHHecKHM npo6jieMaM npeflnpnaraH 
OKpyra n BbinojiHHiOT pan HayHHO-nccjieflOBa- 
TejibCKHx pa6oT no 3aKa3aM AflMHHHCTpannH 
XMAO-KDrpa H r. CypryTa, a TaioKe OAO «ra3- 
npoM» (r. MocKBa), OAO «CypryrHe(|)Tera3», OOO 
«CypryTra3npoM», OAO «TioMeHbSHepro», OAO 
«CypryrrejieKOMceTb». 

B noflpa3flejieHHax yHHBepcwreTa B 2003 rosy 
BbinoJiHeHO HayHHO-HccjieflOBaTejibCKHX pa6oT 
Ha cyMMy 15 MJIH. py6. 

B yHHBepcHTeTe 3a KopoTKoe BpeMa 6bina 
C03flaHa 6a3a Ana npoBeflemia HayMHbix nccjie- 
AOBaHHH H OKP c Hcnojib30BaHHeM jia3epHbix 
TexHOJiornfi. B 2002 r. Cypry Bomeji B JIa3ep- 
H>TO acconnauHio PO, a B 2003 r. - B cocraB 
EBponeftcKoro onranecKoro o6mecTBa (EOS). 
OCHOBHOH KOCTHK rpynnbi yneHbix 3Toro Ha- 
npaBJieHHH  COCTOHT H3 BblCOKOKBanJHpHlTHpO- 
BaHHbix cneunaiiHCTOB, HMeiomnx 6ojibuiofi 
onbiT pa6oT B O6OPOHHHX H aKafleMMHecKHX 
HHH ToMCKa, HoBocn6npcica H TIOMCHH. Bos- 

carry on the research at the Surgut State 
University. The main departtments of 
SurSU are the following 
1. Research Institute of nature manage- 

ment and the North ecology; 
2. Educational and research Institute of 

cybernetics, information and tele- 
communication; 

3. Centre of information technology; 
4. Centre of energy-efficient technology; 
5. Laboratory of mathematical modelling; 
6. Laboratory of biocyhernetics and 

biophysics of complex systems; 
7. Laboratory of telecommunication and 

environment monitoring; 
8. Laboratory of radiophysical research 

methods; 
9. Laboratory of sociological studies. 

University provides postgraduate 
courses on 35 specialities. Nowadays there 
are 350 postgraduate students at the 
University. Some of the postgraduate 
courses are 
1. Radiophysics; 
2. Systems analysis, control and infor- 

mation processing; 
3. Mathematical and software for PC, 

computing systems and networks. 
4. Methods and systems of information 

protection, information safety. 

The scientists of SurSU pay much 
attention to the demands of the region 
and do the research on the orders of 
HMAR-Jugra and Surgut city Adminis- 
tration, the firm «Gasprom» (Moscow) 
and the firms «Surgutneftegas», «Surgut- 
gasprom», «Tumenenergo», «Surgut- 
telecom». 

In 2003 the University subdivisions 
earned 15 million Rubles through research. 

During a short period the basis for 
research and design using laser tech- 
nology was created at SurSU. In 2002 
SurSU became a member of the Laser Asso- 
ciation of Russia and in 2003 it became a 
member of the European Optic Society 
(EOS). The backbone of this research 
group is formed by the scientists, having 
experience of activity at research orga- 
nizations in Tomsk, Novosibirsk and 
Tumen. The head of the group is the 
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rJiaBHJi paöoTH floueHT IIJIIOCHHH H.H., Hayq- 
HHMH pyKOBOflHTe^SMH CIU/IH fl.(p.-M.H., npO- 
<peccop TaöapHH B.A., ä-T.H., npo<peccop Eajry- 
JIHH H.H. H fl.M.H., npocpeccop 3yeBCKMH B.n. 
rpynna eaceroflHO pacTeT, B HacToamee BpeMH 
OHa cocTOHT H3 27 yneHbix, 14 acnnpaHTOB H 

6ojiee 40 cryfleHTOB. HccjieflOBaHHH npoBOflflT- 
CH no HecKojibKHM HanpaaneHHHM c opHeHTa- 
niieVi Ha npaKraqecicoe Hcnojib30BaHHe KOHCH- 

Horo pe3ynbTaTa. 
nepBoe HanpaaneHHe: «Hccjie,noBaHHe H CO- 

3AflHHe AHCTanuHOHHMX Jia3epnwx cpe^CTB» 
npOBOflHMbie  HCCJieflOBaHHH  B03MTOKHOCTH 

oÖHapyxeHHH yreqeK ra3a (MeTaHa) BHHBHJIH 

0C06eHH0CTH HCnOJIb30BaHHH flHCTaHUHOHHHX 
jia3epHbix cpeflcTB (flJIC) Ha BepTojieTax. OHH 

6bDM CBH3aHHH  C HajIHHHeM  BHCOKOrO cpoHa 
ra3a, cneuHcpHHHbiM xapaicrepoM noflcnmaiomeH 
nOBepXHOCTH, OipaHHHHBaiOmHM HyBCTBHTeJIb- 
HocTb annapaTypw, H ycjioBHHMH nojiexoB. EHJIH 

pa3pa6oTaHbi HOBbie Tpe6oBaHHH K J1JIC OJWO- 

BpeMeHHO npHCTynwjiH K MoaepHH3auHH HMe- 
lomerocH B CypryTra3npoMe BepTOJieTHoro jia- 
3epHoro      JioKaTopa.      Pa3pa6oTaHHbifl 
BepTOJieTHMH JIOKaTOp HOBOrO nOKOJieHHH 
«Jiyr-1», OCHOBaHHHH Ha HCnOJlb30BaHHH co- 
BpeMeHHHX OnTHKO-3JieKTpOHHblX ycTpoiicTB, 
UJKppOBHX MCTOflOB o6pa60TKH HH<bOpMaUHH H 
HH^iopMauHOHHbix TexHOJiorHH, o6jiaaaeT BH- 

COKHMM TeXHHMeCKHMH xapaKTepHCTHKaMH. flo- 
nojiHHTejibHaH (nocjienojieTHaa) o6pa6oTKa 
HH^opMauHH Ha aBTOMara3HpoBaHHOM pa6o- 
TOM MecTe (APM JioKaTopa) c HcnoJib30BaHH- 
eM (poTOHHcpopMauHH, KOTopaH peracrpHpyeT- 
CH      JIOKaTOpOM,      II03BOJIHJia      nOBHCHTb 
aocTOBepHOCTb pe3yjibTaTOB o6cjieflOBaHHH ra- 
3onpoBOÄOB. B HacTOHmee BpeMfl no 3axa3y OAO 
«ra3npoM», r. MocKBa H3roTaBJiHBaioTCH He- 
cKOJibKo 3K3eMnjiapoB JioKaTopa «Jiyr-1». 

Bropoe HanpaBJieHHe: «Cosaamie cerai CTaH- 
HHH KOHTpOJIH COCTOHHHH aTMOCtpepbl (B OCHOB- 
HOM, MeTaHOBoro (pona)». 

CraHUHH, KOTOpbie KOHTpOJIHpyiOT COCTOH- 
HHe cpoHa MeTaHa H yraeKHCJioro ra3a, HaTOHa- 
K>T pa3MemaTbCH Ha TeppHTopHH XMAO-K)rpa. 
TaKHe CTaHUHH, KpoMe HayqHwx npo6jieM, 6y- 
ayr pemaTb H npaKranecKHe 3aaa™ oÖHapyxe- 
HHH paftoHa c noBbiuieHHHM 4>OHOM MeTaHa. 3Ta 
HH(popMairjHH 3aTeM 6yneT Hcnojib30BaTbcH WIH 

6ojiee TmaTejibHoro o6aneaoBaHHH pafioHa JIO- 

KaTopoM Jiyr-1. Pa6oTW BeflyrcH coBMecrao c 
yqeHHMH HOA CO PAH (r. TOMCK), HMB PAH 
(r. MocKBa) H Uempa rjio6ajibHbix HcaieaoBa- 
HHH OKpyxaiomefl cpeflbi (HaiwoHajibHoro HH- 

assistant professor I.I. Plusnin, the 
consultants are Prof. Tabarin V.A., Prof. 
Badulin N.N. and Prof. Zuevski V.P. The 
group includes 27 scientists, 14 post- 
graduates and more than 40 students. 
Research is done in different directions 
with orientation on practical utilization 
of the research results. 

The first direction is «Investigation 
and design of remote sensing laser devices». 

The investigation of gas (methane) 
leakage discovery showed peculiarities 
of the remote sensing laser devices 
(RSLD) usage on helicopters. These 
peculiarities are due to the high level of 
the gas background, specific nature of 
the underlying surface which limits the 
equipment sensitivity, and flight condi- 
tions. New demands to RSDL have been 
formulated. At the same time a helicopter 
laser radar, owned by «Surgutgasprom» 
was modernized. The designed helicopter 
laser radar of new generation «LUG-1», 
using modem optic electronic devices, 
new methods of digital signals processing 
and information technology, has high 
engineering characteristics. Additional 
(after flights) data processing in the 
radar work station, using photo- 
information registered by the radar, 
made the results of the gas pipelines tests 
more reliable. Several new stations 
(«LUG-1») of this type are now in the 
process of manufacturing on the order 
of the «Gasprom» firm (Moscow). 

The second direction is «Creation of 
atmpsphere control stations network (to 
investigate mainly methane background)». 

Stations controlling the methane and 
carbonic gas background are being in- 
stalled in HMAR-Jugra area. Besides the 
scientific these stations are to solve the 
applied problems — to discover areas with 
higher methane background. The 
information would be further used for 
rigorous investigation using LUG-1. It 
is the joint project of the Institute of 
Atmosphere Optics SB RAS (Tomsk), 
the Academician Institute of Monitoring 
(Moscow) and the Centre of Global 
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cTmyra Hsyqemra OKpyacaiomeH cpeabi, UyicySa, 
JlnoHHa). 

TpeTbe HanpaBJieHHe: «MoHHTopmir BMCOT- 

HHX crioeB aTM0C(J)epw» 
3TO HanpaBJieHHe npeflCTaBjraeT MHCTO Ha- 

yHHbift HHTepec, BHnojiHaeTCH B paMKax Mex- 
ayHapoÄHOH nporpaMMH H cbHHaHCHpyeTca 
MexcflyHapoflHHM HayHHO-TexHHHecKHM ueHT- 
poM (MHTIJ,). Pa6ora nocBHiueHbi nccjiezioBa- 
HHK» a3p030JIbHHX nOJieft  H  030Ha B BepXHHX 
cjioflx aTMOC(pepbi. 

HeTBepToe HanpaBJieHHe: «JIa3epm>ie Texno- 
JIOIHH B Me/lHUHlie » 

YneHbiMH Cypry COBMCCTHO C yneHbiMH 
Try (r. TOMCK) co3jiaHa MeflHUHHcxaa annapa- 
Typa flJiH JieneHHH paKOBbix 3a6ojieBaHHH. Hc- 
cjiejioBaHHH no co3jiaHHio annapaTypbi 6HJIH no- 
aepacaHbi rpaHTOM MHHnpoMHayKH PO, B 

HacToamee BpeMH OTpa6aTbiBaeTCH MeTO/XHKa 
jieqeHHH paKa B KJiHHHKax r. Cypryra H r. ToMCKa. 
AnnapaTypa TOTOBHTCJI K cepracpHKauHH. 

FIjiToe HanpaBJieHHe: «IlojiHpH3auHOHiibie 
ÖHCTaÖHJibHwe onraiecKHe ycTpoiicTBa». 

3TH HccjieflOBaHH« HanpaBJieHH Ha co3jj,a- 
HHe 3JieKTpOHHbIX H OnTHHeCKHX flaTHHKOB (pH- 
3HMeCKHX BeJIHHHH, JIOrMHeCKHX SJieMeHTOB H 
3JieMeHT0B naMHTH BblHHCJIHTeJIbHblX MaiJJHH Ha 
6a3e nojiapH3anHOHHO-6HCTa6HJibHbix ycT- 
poHCTB. IlpoBojiHTca TeopeTmecKHe H SKcnepH- 
MeHTajibHbie HccjieflOBaHHH oco6eHHOCTeft npo- 
HBJieHHH 3{p(peKTa Oapaflea JSJIH jia3epHoro 
H3JiyHeHHfl B OnTHHeCKHX 3JieMeHTaX H B03M05K- 
HOCTH HCnOJIb30BaHH5I 3Toro scpcpeKra jjjia co- 
3JJ,aHH3 CBepx6bICTpOJieHCTByiOmHX JIOrHMeCKHX 
SJieMeHTOB H flaTHHKOB. 

Pa3pa60TK0H CHCTeM TeJieKOMMyHHKaHHH H 
6eCKOHTaKTHHX MeTOflOB 30HflHpOBaHH5I OKpy- 
xaiomeH cpeubi c Hcnojib30BaHHeM sjieKipoMar- 
HHTHoro H3JiyieHHH paflHOHHana30Ha 3aHHMa- 
eTCH npo6jieMHa3 jia6opaTopHH «CHCTCMH 

TeJieKOMMyHHKaHHH H MOHHTopHHra OKpyaca- 
KimeH cpejibi». 

JIa6opaTopHH ocymecTBJiaeT HayHHO-Hccjie- 
JloBaTejibCKyio /rejrrejibHOCTb COBMCCTHO c Bejry- 
HIHMH By3aMH H aKajieMHHeCKHMH HHCTHTyTaMH 
POCCHH: CaHKT-lleTep6yprcKHM rocyjrapcTBeH- 
HblM yHHBepCHTeTOM TeJieKOMMyHHKaHHH HMe- 
HH npotp. M.A. BoHM-BpyeBHHa, TOMCKHM rocy- 
aapcTBeHHbiM yHHBepCHTeTOM, TOMCKHM 

rocynapcTBeHHMM yHHBepCHTeTOM CHCTCM yn- 
paBJieHHH  H  paflH03JieKTpOHHKH,   HHCTHTyTOM 
onranecKoro MOHHTopHHra TO CO PAH, CH- 

6HpCKHM   4>H3HKO-TeXHHHeCKHM   HHCTHTyTOM 
npH Try H jj,p. 

Environment Investigation (Tsukuba, 
Japan). 

The third direction: «Monitoring of 
the atmosphere upper levels». 

This is pure scientific direction. It is 
a part of the international program and 
is financed by the International Scientific 
Technical Centre (ISTC). Aerosol fields 
and ozone in the atmosphere high levels 
are investigated. 

The fourth direction: «Laser techno- 
logies in medicine». 

Medical equipment for cancer treat- 
ment was designed by the joint efforts of 
SurSU and Tomsk State University. The 
activity was supported by Minpromnauki 
(Ministry of Industry and Science) of 
the Russian Federation.The equipment is 
now under test at hospitals in Tomsk and 
Surgut, it is prepared for certification. 

The fifth direction: «Polarization bi- 
stable optic devices». 

The investigations were carried out 
to produce optical and electronic sensors 
of physical values, logical elements and 
elements of computer memory, using 
polarization bi-stable optic devices. 
Theoretical and experimental studies of 
Faraday effect peculiarities in case of 
laser illumination in optic elements were 
carried out in order to find the oppor- 
tunity to use it in super fast logical 
elements and sensors. 

The «Problem Laboratory of Tele- 
communication Systems and Environment 
Monitoring» develops telecommunication 
systems and noncontact methods of 
environment sounding using electro- 
magnetic waves of RF band. 

The Laboratory works in co-operation 
with such leading Universities and 
Academician Institutes of Russia as St. 
Petersburg State University of Telecom- 
munications named after M.A. Bonch- 
Bruevich, Tomsk State University, Tomsk 
State University of Control Systems and 
Radioelectronics, Institute of Optical 
Monitoring SB RAS, Siberian Physical 
and Technical Institute at the TSU, and 
others. 
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OCHOBHMMH 3an3HaMH jiaobparopHH aBJifflorca: 
- pa3pa6oTica H co3,naHHe uHcbpoBbix KaHMOB 

CBH3H ÄJIH KOMnbiOTepHoft cera CyprY, ropo- 
na H oKpyra, o&beflMHJnoiUHX no,npa3,iiejieHHH 
yHHBepcHTexa H apyrae o6pa30BaTejibHbie yt- 
pexneHHH, H o6ecneHHBaiomHX .upcryn B HH- 

TepHer qepe3 cHCTCMy cnyraHKOBOH CBJBH; 

- pa3pa6oTKa paflHOJiOKauHOHHbix MeTOflOB 
30HÄHpOBaHHH aTMOCCpepHHX o6pa30BaHHH 
H npOMHUineHHHX Bbl6pOCOB H HCCJieflOBa- 
HHe MX B03MoacHocTeH npn onpeaejieHHH 
4>H3H*ieCKMX XapaKTepHCTHK OÖteKTOB 30H- 
flHpOBaHHH; 

- 3KOJ10rHHeCKHM  MOHHTOpHHr  3arpH3HeHHH 
B03ayxa, BOflbi H noHBbi TeppHTopHH oxpyra; 

- pa3pa6oTKa H co3flaHHe aarraKOB (pH3HHec- 
KHX napaMeTpoB «na He(pTera30,iio6biBaiomeH 
npOMHUlJieHHOCTH; 

- pa3pa6oTKa MeTOflOB noflnoBepxHocraoro 
30HflHpOBaHHH H C03flaHHe Ha HX OCHOBe Äefl- 
CTByiomHX MaKeTOB reopaaapoB zwa onpe/re- 
jieHHa (J)H3HHecKHX xapaKTepHCTHK H perwc- 
TpaUHH KOOpflHHaT o6teKTOB,   HaXOAHLUHXCa 
nofl noBepxHOCTbio 3eMJiH. 
Ba>KHbiM HanpaBJieHHeM HccjieflOBaHHH HB- 

JIHCTCH ouemca BO3MOXHOCTH Hcnojib30BaHHH 
nOJIflpH3aUHOHHHX 3(p(peKT0B flHA peilieHHa CTO- 
HIUHX nepea jia6oparopHeH 3aaaM. B nacTHOcra, 
pa3pa6aTbIBaiOTCH .HHCTaHHHOHHbie MeTQUH 30H- 
ÄMpoBaHHa MeTeoo6pa30BaHHH H npoMbmiJieH- 
Hbix Bbi6pocoB B aTMOC(pepy c noMombio panno- 
JIOKaUHOHHHX  nOJIHpHMeTpOB.   OcHOBOH  AJia 
noao6Hbix pa3pa6oTOK HEnaKvrca TeopeTMecKHe 
HccjieflOBaHHH xapaKTepHCTHK pacceflHHH o&beM- 
Ho pacnpefle^eHHbix uejien H MHCJieHHbie MeTOflbi 
MOfle^HpoBaHH» paflHOJioKauHOHHoro KaHajia. 

Jla6opaTOpHH aanaeTCH cTpyKTypHbiM noa- 
pa3fleJieHHeM yqe6HO-HayMHoro HHCTHTyra KH- 

6epHeTMKH HHCpOpMaTHKH H TeJieKOMMVHHKailHH 
(YHHKHT), B HOBOM 3flaHHH KOTOpOrO B ceH- 
T$i6pe 2004 rofla nuaHHpyeTCH pa3MemeHHe SK- 

cnepHMeHTaribHhix ycTaHOBOK jiaßopaTopHH. 
Eme oflHHM HanpaBJieHHeM HccjieupBaHHH, 

npoBOflHMbix B jiaöopaTOpHH, HBjmeTCH pa3pa5oT- 
Ka H co3flaHHe noflnoBepXHOcraoro panapa (reo- 
paaapa), npeflHa3Ha4eHHoro ana KapTorpacpHpo- 
BaHHH noflnoBepXHOcTHOH cpeflbi B npouecce 
MOHHTopHHra COCTOHHHH MaTHCTpanbHbix Tpy6o- 
npoBOflOB. 3TO HanpaBJieHHe oco6eHHO aicryajib- 
Ho ipia He4>Tera30Äo6biBaiomHX npeanpHaTHH 
OKpyra. EecKOHTaKTHbie MeTonbi oueHKH COCTO- 

HHHH Tpy6onpOBOflOB flaiOT 3HaqHTejlbHbIH 3KO- 
HOMHHeCKHH 3(p<peKT B TpyflHOflOCTynHMX pano- 
Hax CH6HPH. 

The main directions of the Laboratory 
activity are the following 
- development and manufacture of 

digital communication links for SurSU, 
Surgut and all region, connecting the 
University departments and other edu- 
cational organizations and providing 
access to Internet via satellite com- 
munication system; 

- development of radar methods for 
sensing atmosphere formations and 
industrial pollutions and investiga- 
tion of their possibilities in estima- 
ting physical characteristics of soun- 
ded objects; 

- ecological monitoring of air, water 
and ground pollutions; 

- design and production of physical 
parameters sensors for gas-and-oil 
producing industry; 

- working out methods of subsurface 
sounding and production of geo-radar 
prototypes which could estimate 
physical characterisitcs and coordi- 
nates of objects beneath earth surface; 
The important direction of research 

is estimation of possibility to use the 
polarization effects for solving some 
problems. In particular, remote sensing of 
meteorological objects and industrial 
pollutions in atmosphere with the use of 
radar polarimeters are investigated. The 
basis for these investigations is theoretical 
studies of volume-distributed targets 
scattering characteristics and numerical 
methods of radio channel simulation. 

The Laboratory is a part of the 
Educational and Research Institute of 
Cybernetics, Information Science and 
Telecommunications. Experimental setup 
of the Laboratory will be installed in the 
Institute new building in September 2004. 

Another direction of the Laboratory 
research is development of subsurface 
radar (geo-radar) intended for mapping 
underground in the process of trunk 
pipelines monitoring.This Birection is very 
important for oil-and-gas production 
enterprises of the region. Non-contact 
methods of pipelines state give essential 
gain in difficult to access areas of Siberia. 
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OueHHBM HayHHO-HccjieflOBaTejibCKyK) m- So, having evaluated research activity 
HTejibHOCTfa CypryrcKoro rocyaapcTBeHHoro of Surgut State University on the whole, 
yHHBepcHTeTa B uejioM, MOXHO yraep^aTb, HTO we can say that the young University, 
B yHHBepcHTeie, 3a rmenaMH KOToporo Bcero only ten years old, provides perfect 
oflHo aecHTHJieTHe, co3flaHbi Bee ycnoBHfl flra yc- opportunities for successful work. Taking 
neuiHOH HayHHofi paöoTbi. YHHTbiBafl 6ypHHH into consideration the rapid economical 
SKOHOMHHecKHH pocT pernoHa, MOXHO O>KH- development of the region, one can 
aaxb flajibHeflniero pa3BHTHfl HayMHbix HCCJICZIO- expect further evolution of research in 
BaHHft B yHHBepcHTeTe. the University. 
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ILiocKafl aHTeima c ABYMJI 

nOJIHpH3aUHflMH ÄJIH KOppejIJmHOHHMX 
H3MepeHHft KaHajia c pejieeBCKHM 

3aMHpaHHeM BHVTPH noMemeHH» H 

nOJIflpH3ai|HOHHHM  pa3HOCOM 

M. XaiuiH, Jl.n. JlHTxapT, wen IEEE, 
BaH fle 3saH, A. EMOK 

MeaqiyHapoÄHWii HccjieflOBaTeJibcKHft uemp 
TejieKOMMVHHKaUHH  H paÄHO^OKaUHH,  flejIMj)TCKHH 

yHHBepcHTeT TexHOjiorHH, 
MeKejibBer 4, 2600 GA fle.nb(pT, HjwepjiaHÄbi 

E-mail: m.hajian@ewi.tudelft.nl, 
<PaKc: +31 15 278 4046, Ten.: +31 15 2786256 

TöKue Memodbi npocmpaHcmeemoeo pamoca KOK no- 
mpumufiommi PCBHOC, conemame npocmpaHcmeeH- 
HO-epeMawoeo Kodupoemun unu MaKotMomaozo om- 
Houiemin datom euuzpbtm e moM cnywe, earn cuznaim 
npuwunue e nnenax pcamca docmamowo Hemppaiu- 
poembi. flm layneHusi «MUMHOü Koppemuuu deyx npu- 
mmbix opmoeoHOMbHO noAHpu3oeaHHbtx cuzHcmoe c 
noMOiußo MweÜHO-nwmpiaoeaHHOÜ rvioacoü aanemu 
6buiu npoeedenbi icmepawsi «Henpjuuoü euduMoanu» 
eHympu noMewßtm. flamm amnema pcapafonwia, ia- 
eomomem u lainepem e IRCTR B cmambe npueodmn- 
cn pesyjibmamu imtepemü Kmana. Rumänen eueod o 
moM, imo npimsunbie opmoeowm/ibHO nanstpuweambie 
amiam e KOHOAOX cpeneeeaam 30MupamieM we uMaom 
cyiupaneamoü Koppensaifiu no oauöcuow/eü. 

Dual Polarized Patch Antenna 
for Branch Correlation 

Measurements in an Indoor 
Raleigh Fading Channel 

utilizing Polarization Diversity 

M. Hajian , L.P. Ligthart, Fellow 
IEEE, F. van de Zwan, A. Büke 

International Research Centre for 
Telecommunications and Radar, Delft 

University of Technology, Mekelweg 4, 
2600 GA Delft, The Netherlands 
E-mail: m.hajian@ewi.tudelft.nl, 

Fax: +31 15 278 4046, Ph.: +31 15 278 6256 

Spatial diversity techniques like polarization 
diversity, Space-Time Coding or Maximum 
Ratio Combining are advanta-geous if the 
received signals of the diversity branches are 
sufficiently uncorrelated. Indoor non-line-of- 
sight measurements were carried out to study 
the cross-correlation between two received 
signals of orthogonal polarization using a dual 
linear-polarized patch antenna. The antenna 
has been designed, built and measured at 
IRCTR. This paper gives the results of the 
channel measurements. It is concluded that 
received signals with orthogonal polarization 
in indoor Rayleigh fading channels have no 
significant envelope correlation. 

I. BBftneime 

B MeTOfle nojmpH3auHOHHoro pa3Hoca jum 
npHenia panHocnraana c 3aMHpaHHHMH QHHOBpe- 
MeHHO HCnOJIb3VK>T rOpH30HTaJIbHyTO H Bepra- 
Kam>Hyio nojwpH3au,HH MH ycvmeumi HHTCHCHB- 

HOCTH CHi-Ha/ia. ^oKa3aHO, MTO Hcnojib3ya 
aHTCHHM C flBOHHOH +45° nOJ]flpH3aHHeft M05KHO 
noBMCHTb HHTeHCHBHOCTb cHmajia Ha 5-6 aB, B 

TO BpeMfl Kax ncnojib30BaHHe aHTCHHM c ropH- 
30HTaflbHOH/BepraKaflbHOH nojMpH3aHHHMH o6ec- 
nCTttreaeT jiHiub 3-4 äE Bbrarpbiiii [ 1 ]. ynymueHHe 
XapaKTepHCTHK 3aBHCHT OT B3aHMHOH KOppeJMirHH 
(BK) npHHjrrbix cHTHajioB B ruienax pa3Hoca. 9ra 
KoppenauHH HccneflOBanacb TeopeTmecKH, H pe- 
3yjibTaTM 6bWH npeflcraBJieHbi B [2]. QnHaxo nofloö- 
Hbie MOflerai Heo6xoflHMO npoBepaTb. IIoOTOMy c 
uejibio H3yneHHH KoppenauHH HaMH 6aim npoBe- 
aeH p$m H3MepeHHM. Bee roMepemiH 6bDm Bbinojme- 

I. Introduction 

Polarization diversity technique uses 
horizontal and vertical polarization simulta- 
neously to receive the faded radio signal in 
order to enhance the received signal strength. 
It is shown that using +45° dual-polarized 
antennas can improve the signal strength 
in the order of 5 to 6 dB while using a hori- 
zontal/vertical polarization dual-antenna 
system provides a diversity gain of 3-4 dB [1]. 
The performance improvement depends on 
the cross-correlation of the received signals 
of the diversity branches. This correlation 
has been studied theoretically and results 
were presented in [2]. However, such models 
need to be validated. Therefore measure- 
ments were done to study the branch 
correlation. All measurements were 
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HM B noMemeHHH cpaKvjibTeTa sjieKiporexHHKH, 
MareMaTHKH H HHcpopMaroKH flendTTCKoro yHHBep- 
CHTera TexHOJionoi. PaHee yxe 6buni BbmoiiHeHH 
CXQZIHbie H3MepeHH3 [2, 3]. ^H H3MepeHHfl K03(p- 
(J)HUHeHTa KoppejiHiiHH, B IRCTR 6buia pa3pa- 
6oTaHa (H H3MepeHa B DECT (Digital European 
Cordless Telecommunications) flHana30He) nnoc- 
Kaa aHTeHHa c äBOMHOH nojiapH3auHeii. flna o6e- 
HX noJiaproauHii OTpaaceHHe OT Bxofla 6bwo He 
xyace -20 ^B, a pa3BH3Ka Mexny mwn BXOfläMH 
6buia nopamca -33 flE. flaHHaa aHTeHHa Hcnojib- 
30Banacb ßjui H3MepeHHa BHyrpeHHero KaHajia c 
pSJieeBCKHMH 3aMHpaHHaMH B nOJIHpH3aUHOHHOH 
oSjiacTH. 

II. H3MCpeHHH 

H.A. IIpoutedypa 

KoHCTpyKTHBHOe HJIH pa3pyUIHTeJIbHOe B03- 
aeHCTBHe KpaTHbix BOJIH B MHorojiyneBOM paflHo- 
KaHaJie npHBOflwr K 6bicrpbiM H3MeHeHnaM HHieH- 
CHBHOCTH CHTHajia B npocTpaHCTBeHHOH, nojiapH- 
3aUHOHHOH H BpeMeHHOH O&iaCTHX. 3T0 Ha3bIBaeTCfl 
MenKOMacuira6HbiM 3aMHpaHHeM. MHorojiyneBoe 
pacnpocrpaHeHHe oöycyioBJieHO paccearoieM pa- 
HHOBOJIH H cymecTBeHHo 3aBHCHT OT OKpyacaio- 
rneft cpeflbi. fljia 6opb6bi c 3aMHpamiflMH Bbirofl- 
HO HCnOJIb30BaTb aHTeHHbl C flBOHHOH nojiapH3a- 
UHeft (A,D,B) asm oflHOBpeMeHHoro npHewra 
ocnaojieHHoro cHiHana Ha V- H H-nojiapH3auHax. B 
ziaHHoft pa6ore MH aenaeM ynop Ha BHyrpeHHHX 
CpeflaX C «BHflHMOCTbK), OTOHHHOH OT npHMOH», KO- 
Topbie MCOKHO cMOflennpoBaTb c Hcnojib30BaHHeM pa- 
jieeBCKoro pacnpocrpaHeHHa. Jlpx raMepeHHa B3aHM- 
Hoft KoppejMUjra, Mbi HsnyqaeM HenpepbiBHyio BOJiHy 
(HB) B DECT (™ PCS) MacTOTHOM anana30He 
IUIOCKOH ^HHeHHO-nOJiapH30BaHHOH aHTeHHOH. 

ILnocicaa AJIß, Hcno;ib3yeMaa B KanecTBe 
npHeMHoft aHTeHHbl, ycTaHaanmBaeTca Ha nepe- 
HOCHOM flepeBHHHOM  CTeHfle,  KOTOpblH M05KHO 
nepeflBHraTb. nprourrbie CHraajibi npeo6pa3yioTCH 
Ha FTC, HX ora6aiomHe oHHfbpoBbmaioTca H 3a- 
nHCHBaioTCH ÄJiH nocjienyromeii o6pa6oTKH H 

BblHHCJieHHfl K03(p(pHUHeHTa BK. Tpaccbi H Ha- 
npaBJieHHH Bbi6HpajiHCb npoH3BOJibHo, npw 
3TOM o6ecneHHBanocb 6ojibiuoe MHCJIO KOHK- 

peTHbix cHTyauHH pacnpocTpaHeHHH. 

II.B Annapamnan ycmaHoexa 

AnnapaTHaa ycTaHOBKa aHajiorHHHa TOO, 

KOTopaa 6HJI onncaHa B [4]. fljia HarjiaaHocra 
Ha PHC. 1 npHBeaeHa ee 6uoic-cxeMa. XapaicrepH- 

indoor and have been carried out in the 
building of the Faculty of Electrical Engi- 
neering, Mathematics and Computer 
Science, of Delft University of Technology. 
Similar measurements have been carried 
out earlier and were reported in [2]-[3]. In 
order to measure the correlation 
coefficient a dual-polarized patch antenna 
has been designed and measured at IRCTR 
in the DECT band. An input reflection 
better than -20 dB was measured for both 
polarizations. Isolation between the two 
ports was in the order of -33 dB. The 
antenna was used to measure the indoor 
Rayleigh fading channel in the polarization 
domain. 

II. Measurements 

H.A. Procedure 

The constructive or destructive inter- 
ference of multiple waves in amultipath 
radio channel causes the signal strength 
to change rapidly in space, polarization 
and in time domain. This is called small- 
scale fading. Multipath propagation is 
caused by the scattering of radio waves and 
depends strongly on the type of environ- 
ment. In order to combat the fading it is 
beneficial to use dual-polarized antennas 
to receive simultaneously the faded signal 
at the vertical and horizontal polarization. 
In this study, we focus on indoor non- 
line-of-sight environments, which can be 
modeled by Rayleigh propagation. In 
order to measure the branch cross-corre- 
lation, we transmit a continuous wave (CW) 
in the DECT (or PCS) frequency band 
via a linear-polarized patch antenna. 

A dual-polarized patch antenna is used as 
receiver antenna, mounted on a mobile wooden 
stand and can be moved along a random path. 
The received signals are down converted and 
the envelopes are sampled and stored for 
offline post-processing and calculation of 
the cross-correlation coefficient. The paths 
and directions were chosen randomly and 
long enough to average over a large 
number of specific propagation situations. 

II.B Hardware Set-Up 

The hardware set-up is the same as 
the measurement set-up used in [4]. For 
clarity a block diagram of the set up is 
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CTHKH yCTaHOBKH 3fleCb He npHBOflHTCH, nOCKOJIb- 
icy OHH flaHH B [4]. Ha pHc. 2 noKa3aHa dpoTorpa- 
(pHK> nepeHocHoro flepeBHHHoro creHÄa c MIHY 
H npHeMHOH aHTeHHOH. 

shown in Figure 1. The specifications of 
the hardware are not given in this paper 
and can be found in [4]. Figure 2 shows 
the photo of the mobile wooden stand 
including the LNAs and receive antennas. 

D 
mi 
IMOfe 
»19 a» »* 

Pnc.1.    BjioK-flHarpaMMa annapaTHoft Hacra 
Fig. 1.    Block diagram of the hardware set-up 

a) b) 

PHC. 2.   (a) IlepeHocHafl flepeBaHHaa croÄKa c MLUY H npHeMHMMH araeHHaMH, (b) KpynHHÄ 
iuiaH 

Fig. 2.    (a) Mobile wooden stand with the LNAs and receive antennas, (b) Close-up 

II.C Anmembi 

B 3T0M pa3flejie öojiee noapoöHO paccMoipe- 
Ha KOHcrpyKUHH ajrreHHH c äBOHHOH nojmpH- 
3auHeft. AHTeHHa paccHHTaHa Ha 1,89 ITII, H 

BwnoJTHeHa Ha noflnoxace RT/Duriod BHCOTOH 

1,58 MM H AHSJieiapHHeCKOH nOCTOHHHOH 2,33. 
TaHreHc yraa ncvrepb MaTepHajia Ha paöonefi 
nacTOTe He3HawrejieH. 

II.C Antennas 

In this section the design tool for the 
dual polarized patch antenna is discussed 
in more detail. The antenna is designed at 
1.89 GHz using RT/Duriod substrate 
material with height of 1.58 mm and a 
dielectric constant of 2.33. The loss tangent 
of the material at the designed frequency 
is negligible. 
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II. C. 1 Pa3Mepbi nnacmuHU 
IIlHpHHa H 3(|)(j)eKTHBHafl WlHHa IUiaCTHHhl 

CBH3aHH c pe30HaHCH0ö nacTOToft cjieayiomHM 
o6pa30M [5] 

II.C.I Patch dimensions 
The width and effective length of the 

patch is related to the resonance 
frequency as follows [5] 

W = - 
2fr\er+l 

(1) 

L = - 
2fr 

■2M. (2) 

rae c — cKopocTb CBera, f — pe30HaHCHaa nacTOTa, 

a 6 — aH3JieicrpiMecKaH nocroHHHaa noanoHoai. 

Er .- 3(p(peKTHBHaH ÄH3JieKTpHHeCKafl IIOCTOHH- 

Han, KOTopaa 3anHCbiBaeTca B BHfle 

e,.+l er-l 
r'jr 

where c is the free-space velocity of light, 
f is the resonance frequency, and ef is 
the dielectric constant of the substrate. 
E _is the effective dielectric constant and reff 
is given by 

1+12— 
W 

-1-0.5 

(3) 

riocKOJibKy pa3Mepw ruiacraHH KOHCHHH, TO 
none Ha ee Kpaax nonBepraeTca TaK Ha3HBae- 
Moft napa3HTHoft oKaHTOBKe (CM. PHC.3) [5]. 

Since the dimensions of the patch 
are finite, the field at the edges of the 
patch undergoes the so-called fringing 
as illustrated in Figure 3 [5]. 

a) b) 

PHC.  3.    <I>H3HHeCKafl H 3<Jx}>eKTHBHaH ÄJIHHa npflMOyrOJIbHOH MHKponOJIOCKOBOft 
iuiacTHHH, (a) - 3$<J)eKTHBHHft pa3Mep, (b) - KpaeBott 3<b<t>eicr [5] 
Physical and effective lengths of rectangular microstrip patch, (a) effective 
dimension, (b) Fringing effect [5] 

Fig. 3. 

npHTOHbl 3TOH "OKaHTOBKH" COCTOHT B TOM, 
HTo a^eicrpHqecKH amma iuiacTHHH (xwbuie ee 
dpH3HHecKOHOTHHbi. YBemweHHe anHHH onpeae- 
JIHeTCH BbipaxeHHeM 

The fringing causes that electrically 
the length of the patch is longer than 
its physical length. The extension of the 
length is given by 

^=0.412 
h 

K +0-3)(f+0-264) 
(ev-°-258)lT+0-8 w (4) 
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CoraacHO BbipaaceHHHM (l)-(4), ruiacTHHa 
HMeeT cJieayiomHe pa3Mepw: L — 51,273 MM H W 
= 61,465 MM. HTO6H nojiyHHTb oflHy H Ty see pe- 
30HaHCHyio MacTOTy /JJIH BepraKajibHOH H ropn- 
30HTaJIbHOH  nOJIJipH3aUHH,  UIHpHHa nJiaCTHHH 
paBHa ee /rjiHHe. 3aTeM 3Ta BejnwHHa onTHMH3H- 
pyeTCH flo 50 MM B naxeTe FEKO ana MojiejiH- 
poBaHHH 3MB. 

II.C. 2 Bxodttoü UMnedaHC 

JJJIH corjiacoBaHHH aHTeHHH c 50Q JIHHHCH 

nepeflaHH HCO6XOäHMO ocyinecTBHTb cjiejryio- 
mee: 
- BbWHCJIHTb UIHpHHy MHKpOnOJIOCKOBOH 3anH- 

TbiBaiomeii JIHHHH, 

- onpeaejiHTb BXOAHOH vmntaaac IUIOCKOH aH- 
TCHHM Ha pe30HaHCHOH HaCTOTC, 

- BMHHOiHTb /uiHHy 3anHTbiBaiomeH JIHHHH B 

onopHoft rmocKOCTH, rae BXOJIHOH Beuie- 
CTBeHHMH UMnedaHC paßeH 50Q. 3TO Bbinoji- 
HfieTCH c npMBJieqeHHeM reopHH JIHHHH ne- 
peaaq; 

- noaaBHTb peaKTHBHyio nacrb BxoaHoro HMne- 
aaHca. 
IIlHpHHa MHKpOnOJIOCKOBOH 3ailHTbIBaK)meH 

JIHHHH onpe/rejiaeTCH H3 BbipaxeHHH 

Using equations (l)-(4) the dimen- 
sions of the patch are L=51.273 mm and 
W=61.465 mm. In order to have identical 
resonance frequency for the vertical and 
horizontal polarization the width of the 
patch is th£ same as its length. This value 
is then optimized in the EM simulator 
package FEKO to be 50 mm. 

II. C. 2 Input impedance 

In order to match the antenna to the 
50Q transmission line the following steps 
are needed: 
- computation of the width of the micro- 

strip feed line, 
- determination of the input impedance 

of patch antenna at the resonance 
frequency, 

- calculation of the length of the feed 
line at a reference plane where the input 
impedance has a real part of 50Q. This 
is done using transmission line theory, 

- cancellation of the imaginary part of 
the input impedance. 
The width of the microstrip feed line 

is given by 

Zn=- 
120p w 

+ 1.393 + 0.667/« (?) + 1.4444 

>1 (5) 

CoraacHO (5), urapHHa 3anHTbiBaiomeH JIHHHH 

paBHa 4,78 MM. BXO/JHOH HMneaaHc IUIOCKOH aH- 
TeHHH Ha pe30HaHCHOH HacTore noHTH BemecTBe- 
HeH H paBeH Z^=320,8 + /5,193 Q. KaK noKa3aHO 
Ha pHC. 4, Ha paCCTOHHHH / OT aHTeHHH MOJJ,eJIb 
JIHHHH nepe/jaHH no3BOJweT npeo6pa30Barb HM- 

nejjaHC aHTeHHH. 

Using (5) the width of microstrip 
feed line is 4.78 mm. The input impedance 
of the patch antenna at resonance 
frequency is almost real and equals 
Z/=320.8 + /'5.193 Q. At a distance /from 
the antenna the transmission line model 
as illustrated in Figure 4 allows for trans- 
forming the antenna impedance. 

Z, Zo 3 ■n 1 

ZA 

PHC. 4.   CxeMHWM SKBHBaJieHT ruiacTHHbi H nmaiOEieH 
JIHHHH 

Fig. 4.    Network equivalent of the patch and feed line 

B onopHOH njiocKOCTH (CM. PHC. 4), BXOflHOH At the reference plane (see Figure 
HMneaaHC Z  paBeH 4) the input impedance Z„ becomes 
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Z,„ — Zr 
Z^+;Z0tan(ß/) 

Z0+jZ/an(ß/) 
(6) 

rue ß = 2TT/X, - nocTOHHHan pacnpocTpaHeHHa. 
X - fl^HHa BOJIHH B noÄJioxKe. Z0 - xapaKTepHC- 
TH^eCKHH   HMneflaHC  JIHHHH.   Ha  paCCTOHHHH 
49,95 MM BXOflHOH HMneaaHc aHTeHHW paBeH 
Z. =50,4 + /'107,37. OaKTHHecKaHflUHHa^HHHH 
nepena™ BbiSpaHa paBHOH 50 MM. B 3TOM cjiy- 
nae BXOAHOH HMneflaHC aHTeHHbi Ha paccToa- 
HHH 50 MM paBeH Z.( = 52,26 + /109,30. PeaKTHB- 
Haa qacTb BXOAHOTO HMne^aHca noflaBjraeTca 
HacTpaHBaeMOM eMKOCTbio. Ha pnc. 5 noKa3aHa 
reoMeTpHa aHTeHHbi H pe3yjibTaTbi MOflejiHpo- 
BaHHa BxojiHoro OTpa)KeHM5i. 

where ^-2nfk is the propagation 
constant. X is the wavelength in the 
substrate. ZQ is the characteristic 
impedance of the line. At a distance of 
49.95 mm the input impedance of the 
antenna is given by Z.} =50.4 + /'107.37. The 
actual length of the feed line is chosen 
to be 50 mm. At a distance of 50 mm the 
input impedance of the antenna is then 
given by Z = 52.26 + /109.30. The 
imaginary part of input impedance is 
cancelled by a tunable capacitor. Figure 5 
shows the antenna geometry and the 
simulation results of the input reflection. 

0 

•5 

m 
Ä.,n / 

O.*15 \ f 
$ 

-20 
S2-    I 

-25 
|,,Si, 

-30 T 

-35  1 1 

PHC. 5. 

Fig. 5. 

1.87 1.88 1.89 1.9 
Frequency (GHz) 

a) 

1.91 1.92 

b) 

(a) Pe3ynbTaT MoaejiHpoBamia OTpaxeHHH OT Bxofla aHTeHHbi, (b) ccrqaTan reoMeTpHfl, 
nojiyneHHafl B CHMyjiHTope FEKO 
(a) The simulated input of the antenna, (b) the geometry after meshing in EM simulator FEKO 

AmeHHa 6biJia pa3pa6oTüHa, H3roTOBJieHa H 

H3MepeHa B IRCTR. Ha pwc. 6 noKa3aHbi pa3Me- 
pbi pa3pa6oTaHHOH aHTeHHbi c corjiacyiomHMH 
UeiMMH. 

TBxoflHoe oTpaxeHHe, pa3BH3Ka Mexay BXO- 

aaMH H aöcoJTiOTHoe ycroieHHe CHraanoB c oc- 
HOBHOH H opToroHaflbHOH nojiapiraaiiHeH 6bIJIH 
H3MepeHbi B 6e33X0B0H KaMepe fljra aHTeHHbix 
H3MepeHHfl DUCAT (icaMepa flejicpTCKoro yHH- 
BepcHTeTa pjia aHTeHHbix H3MepeHHft). Ha pnc 7 
npHBefleHbi H3MepeHHoe BxoflHoe OTpaxeHHe H 

KOSCbdpHHHeHTbl CB513H flByX BXOflOB. 
BbiJio nojiyneHO yMepeHHoe ycHJieHHe 6-7 

üB (oTHOCHTe^bHO H30TponHoro H3JiynaTe^H). 
06a Bxoaa noKa3ajin aHarormiHbie flHarpaMMM 
H3JiyHeHHH H 3fleCb He npHBOflHTCH. OflHHaKOBOe 

The antenna has been designed, built, 
and measured at IRCTR. Figure 6 shows 
the dimensions of the designed antenna 
with its matching circuit. 

The input reflection, the isolation bet- 
ween the two ports, and the absolute gain 
of the co- and cross-polar were measured 
in the anechoic antenna measurement room 
called Delft University Chamber for 
Antenna Tests (DUCAT). Figure 7 shows 
the measured input reflection and coupling 
coefficients of the two ports. 

A moderate gain of 6-7 dBi is 
measured. Both ports resulted into similar 
radiation patterns and it is not shown 
here. The same behaviour of the two ports 
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noBeaeHHe ÄByx BXO,ZIOB HCO6XOäHMO ,njia TOH- 

HHX H3MepeHMH KaHajia B nOJMpH3aU,HOHHOH 06- 
.nacTM. JlHHeftHO-nojiHpH30BanHaH ruiocKaa aH- 
TeHHa Hcnojib3yeTca B KaiecTBe nepeaaioiueö. 
Ha npweMHOM Komje ocjiaSneHHWH cHraaji 
npHHHMaeTca IUIOCKOM Aßjl. 

is a necessity for allowing accurate 
channel measurements in the polarization 
domain. A linear-polarized patch antenna 
is used as transmit antenna. At the receive 
side the faded signal is received with the 
dual-polarized patch antenna. 

-I 
. JL.  Porti 

Capacitor 

Ifl + 

wt 

Capacitor 

3"r' 
Port 2 

/■= 1.89 GHz 
L = W = 50 mm 
w. =u = 4.78 mm 
»\ = L\ = 50.0 mm 
m = h = 10.0 mm 
Ci = c2 = 67 pF 

Er = > 2.457 

PHC. 6.   Pa3Mepw KOHCTPVKUHH nnocKOH aHTeHHH c üBoftHoft 
noJMpH3auHeft 

Fig. 6.    The design dimension of the dual polarized patch antenna. 
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PHC. 7.   Pe3yju>TaTM H3MepeHHH OTpaaceHHH OT BXOäü H K03<p(JwuHeHTa CBJWH ABVX BXOäOB. 

Fig. 7.    Measurement results of the input reflection and the coupling coefficient of the two ports. 

II.D 3om umepemü 
M3MepeHHH npoBOflHJiHCb Ha 3Ta>Ke dpaicyjib- 

TeTa s^ieKTpoTexHMKH, MaTeManiKH H HHdpop- 
MaTHKH /lejidpTCKoro VHHBepcHTeTa TexHOJiorwH. 
3an HMeJi ÄoeraTOHHo Mecra MTOöH nepeflBH- 
raxb npneMHbiH crem no pa3JiMHbiM Mapuipy- 
TaM. IlepeflaTMHK Haxoflunca B 6ojibruoM KOM- 

HaTe. TaKHM o6pa30M 6bina C03flaHa CHTyaiiHH 
«HenpHMOft  BHflHMOCTH»,  icoraa  H3Jiy*ieHHblft 
cnraaji aocTHraeT npHeMHoft aHTeHHH pa3jiHi- 

II.D  Measurement Area 

The measurements were carried out 
in an office area of the Faculty of 
Electrical Engineering, Mathematics and 
Computer Science of Delft University 
of Technology. The hall had enough space 
to move around the receiving stand using 
different routes. The transmitter was 
located in a large room. In this way we 
created a non-line-of-sight situation, 
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HHMH nyTHMH, nyTeM pacceHHHH OT CTeH H 
oö-faeKTOB. 3TH ipaccH, xapaKTepH3yiomHecH CBO- 

HMH He3aBHCHMMMH (ba3aMH, CXOflHTCH y aHreH- 
HH, npHBOflfl K B03HHKHOBCHHK) KaHajia c psjie- 
eBCKHM 3aMHpaHHeM. Ha pHC. 8 noKa3aHa 30Ha, 
we npoBOflHJiHCb H3MepeHHH. IlyTeM /prHTeJTb- 
Hbix H3MepeHHft H cjiytaftHbix MapiupyroB B pa3- 
jiHHHbix HanpaB^eHHax MH nojiynmiH cpe/rjKHH 
pe3yjibTaT ana pa3Hbix CHTyamiH pacnpocTpaHe- 
HHH. TaKHM 06pa30M H3MepeHHH K03(p4>HUHeH- 
Ta KOppeJiaHHH flOJIXHbl flaTh 061H.HH K03(p4)H- 
UHeHT,   aeHCTBHTeJIbHblfl   flJIH   BHyTpeHHHX 
noMeineHHH. 

where the transmitted signal arrives at 
the receiving antennaviamultiple paths 
scattered by surrounding walls and objects. 
These paths, all arriving with their own, 
independent phases, sum up at the 
antenna and result in a Rayleigh fading 
channel. Figure 8 illustrates the office area 
where the measurements have been 
carried out. By following long and random 
measurement routes in different direc- 
tions we averaged over different specific 
propagation situations. In this way the 
measured correlation coefficient should 
lead to a general coefficient, valid for 
indoor environments. 

PHC. 8. 
Fig. 8. 

MeCTO H3MepeHHHJ 0<}>HCbI H KopHflop 
The measurement area; offices with corridor 

II.E OöpaßontKa damibix 

B KanecTBe cbipbix aaHHbix undppoBoro oc- 
iiHJiJiorpadpa Bbicrynan TeKCTOBbift ASCII dpaftji, 
coaepxamHH Bbi6opKH aMruinTyn KBaflpaTypHbix 
/- H ß-KaHajTOB njin flßyx nojiapH3aiiHH, T.e. MH 

nojryHHJiH MaTpnuy aaHHbix 4 KaHajioB H3 100000 
Bbi6opoK. 3Ta MaTpHua 6buia HMnoprapoBaHa B 

Matlab, a 3aTeM 6HJIH BbinojiHeHbi cjieflyioiirHe 
3Tanbl 06pa60TKH flaHHMX H BblHHCJieHHH KO- 
sdpcpHUHeHTa KoppejiflHHH orH6aK>meH. 

1. CMemeHHe no nocroHHHOMy TOKy 6biJio 
He3aBHCHMO yflaneHO H3 Bcex qerbipex KBaflpa- 
TypHbix KaHajioB, nyreM BbiHHTaHHH cooTBeT- 
cTByiomHX BejiHMHH. Oni6aiomHe cnraajia r.{ H 

rn, rae /' cooTBeTCTByeT HOMepy BbiöopKM, pac- 
CHHTblBajIHCb KaK KBaflpaTHblH  KOpeHb cyMMbi 
KBajpaTOB /. H Q 

II.E Data Processing 

The raw data acquired from the digital 
oscilloscope was an ASCII text file 
containing the sampled signal amplitudes 
of the / and Q channels of the two 
branches, i.e. we obtained a matrix of 4 
channels by 100000 samples. The matrix 
was loaded in Matlab and the following 
processing steps were performed for data 
processing and calculation of the envelope 
correlation coefficient. 

1. The DC offsets were independently 
removed from all four / and Q channels 
by subtracting the corresponding means. 
The signal envelopes rn and ra, where *' 
refers to the sample number, were 
calculated by taking the square root of 
the sum of I. squared and ß, squared, as 

^V^ß7 (7) 
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ri/iocKan anmeHHa c deyjun noAxpu3au,UMiu d/ia KoppemuMOHHUX. u&uepeHuü ... 

1. HonrocpoHHbie noTepn Ha ipacce H 3äre- 
HeHHe npHBOÄHT K KpynHOMaciirra6HOMy 3aMHpa- 
HHK),  K KOTOpOMy flo6aBJIHeTCH MeJIK0MaCIIITa6- 
Hoe, BM3BaHHoe MHoro^yneBocrbK). TaKoe Kpyn- 
HOMaciuTaÖHoe 3aMHpaHHe HeoöxoßHMo yaaJiHTb. 
OcymecTBJiaercH 3TO nyreM HopMHpoBaHHH flßyx 
orn6aiomnx cKOJib35imHM CPCHHHM Ha 6 annHax 
BOJM, HTO B Hailieß H3MepHTOlbHOH KOMnaHHH CO- 
oTBeTCTByer OKHy ycpenHeHHa no 200 BbiöbpKaM, 
Koropoe OöMHHO Hcnojib3yercH Ha npaicrHKe. ITo- 
floÖHoe, T.H. JiOKajibHoe «yuarceHMe cpeflHero» 6bUio 
peajiH30BaHo cneuyiomHM o6pa30M: 
a. ana Kaxfloro oKHa onpeßejnmocb cpeflHee 

aöcojiioTHOH aMiuiHTyflbi; 
b. cpeflHHe 3HaneHHa Bcex OKOH HHTepnojiH- 

poßajiHCb MeTOÄOM Ky6nnecKnx cn^aMHOB; 

c. oni6aioiuHe CHrnana HopMHpoBajiHCb nyreM 
aejieHHfl MX Ha cooTBeTCTByiomHe 3HaneHHH 
HHTepno^HpOBaHHbix cpeflHHX. 
Sdxbeicr «yflajieHHe cpeflHero» MOüCHO BHneTb, 

cpaBHHBaa pHc. 9a H 9b. 
OKOHHareJIbHO K03(p(pHUHeHT KoppejiHUHH 

oraöaioineH p paccuHTbreancH KaK 

2. Long-term path loss and shadowing 
causes large-scale fading on which small- 
scale fading,caused by multipath,is super- 
imposed. This large-scale fading has to 
be removed hi the diversity computations. 
This is done by normalizing the two signal 
envelopes with a moving average over 6 
wavelengths, which corresponds in our mea- 
surement campaign with an averaging win- 
dow over 200 samples. This is the commonly 
used length. This, so called, local «de- 
meaning» was implemented as follows: 
a. the mean of the absolute amplitude 

was taken for each window; 
b. the means of all windows were 

interpolated using the cubic spline 
method; 

c. the signal envelopes were normalized 
by dividing them by the corresponding 
interpolated means. 
The effect of this «de-meaning» can be 

seen by comparing Figure 9 (a) and (b). 
Finally the envelope correlation coef- 

ficient p was calculated as r e 

Pe 
z:it--*)(---3] 

iiMJEM] 
(8) 

HapHC 10 noKa3aHbi CHmajibi, oaHOBpeMeHHO 
npHHHMaeMbie Ha ppyx Bxoaax. MO>KHO cflejiarb 
BblBQU O TOM, 4T0 3TH CHTHajlbl He3aBHCHMbI, a nO- 
JIHpH3aUHOHHMH  pa3HOC  MoaceT  npHBeCTH   K 
ynyqiueHHio KanecTBa JIHHHH CBJBH. Pe3yjibTaTM 
M3MepeHHH noKa3anH, HTO npHHHTbie Ha mw no- 
jropH3an;HHX cHraajibi He ooJiaflaiOT KaKOH-JiH6o 
cymecTBeHHOM KoppejwuHeH no ora6aiomeH B pa- 
neeBCKOM KaHajie c 3aTyxaHHeM BHyrpH noMeme- 
HHH. 3HaqeHHe KoppejiHunn oni6aiomeH 6bino 
MeHbuie 0,1. 

III.   BblBOflbl 

C nOMOLUblO rUIOCKOH aHTeHHH c JJBOHHOH 

nonapH3auHeH 6hum Han/teHM K03<jKpHUHeHTbi 
KOppejiauHH ora6aiomHX cHmajioB c ropH30H- 
TajibHOH H BepTHKanbHoft nojiflpH3auHeH. Orciofla 
aieayer, HTO cnrHajibi npHHarae ruiocKofi ARTl 
npH pacnpocrpaHeHMH BHe npHMoft BHäHMOCTH 

BHyrpH noMeiueHnn He HMeioT HHKaKOH cyme- 
CTBeHHOH Koppe^flUHH orH6aiomHX. riojiflpraaiiH- 
OHHblfl  pa3HOC MOXeT HenOCpeflCTBeHO BJIHHTb 
Ha KaqecTBo JIHHHH CBJBH. 

Figure 10 shows the simultaneously 
received signal strength of the two ports. 
It can be concluded that signals are inde- 
pendent and polarization diversity can 
enhance the quality of the communication 
link. The measurement results have shown 
that the received signals at two polariza- 
tions have no significant envelope corre- 
lation in an indoor Rayleigh fading 
channel. The value of envelope correlation 
was lower than 0.1. 

III.  Conclusions 

The envelope correlation coefficients 
between horizontal and vertical polarization 
have been determined using a dual polarized 
patch antenna. We conclude that the 
received signals of the dual-polarized patch 
antenna in an indoor non-line-of-sight 
propagation scenario have no significant 
envelope correlation. Polarization diversity 
can have direct effect on the quality of the 
communication link. 
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Dual Polarized Patch Antenna for Branch Correlation Measurements 

PHC. 9.   (a) ITpHMep H3MepeHHoii HHTCHCHBHOCTH CHraajia B OäHOM H3 npneMHbix KaHaJioB. 
(b) CwrHaji c yaaneHHUM cpeflHHM 3HaieHHeM 

Fig. 9.    (a) Example of measured signal strength of one of receive branch, (b) De-meaned signal. 

2.04      2.045      2.05      2.055      2.06      2.065      2.07      2.075 
Samples x ]Q< 

PHC. 10. H3MepeHHan HHTeHCHBHOCTb CHraajia äBVX nojiapHsauHOHHtix 
KaHanoB 

Fig. 10.  Measured signal strength of the two polarization branches 
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IJpoeodumcx nocmpoemie MampmiM paccenmw dm 
oöheKmoe paduoAOKanuu, o6Aadamw,ux HemmemuMU 
ceoücmeamt npu ompaaKemiu om mix paduoeom. 

Construction of backscattering matrix of 
radar objects having non-linear radiowave 
scattering properties is performed 

OflHOH H3 aicryajibHbix 3anan coBpeMeHHOH 
paflHOJTOKauHH nmneicn noHCK cpeflcre 3(p<peK- 
THBHoro o6Hapy>KeHHfl ManononBHXHbix, cnaöoKOH- 
TpacTHbix uejieft Ha dxme MoinHoro oTpaxceHHH OT 

noncrmiaiomHX noKpoBOB. K AOCTaroHHo adxbeK- 
THBHMM MeroflaM ynyHiueHMa ooHapyaceHHH cJieoy- 
CT OTHecTH nojMpH3auHOHHwe MeroÄbi [5] H HC- 

ncwn>30BaHHe amem c cHHTOHpoBaHHOH aneprypoH. 
PemeHHK) yKa3aHHOH 3aaa™ cnoco6cTByeT 

pa3Bwrae HenHHeftHOH pawanoKauHH. B STOM cnynae 
HfleT peHb o panHOJioKauHOHHbix uenax, oipaaceH- 
HblM CHTHajl OT KOTOpblX COflepjKHT MaCTOTbl, KpaT- 
Hbie no oTHomeHHK) K qacTore 30HflHpyiomero CHT- 

Hana - 2/j, 3f0 H T.A. TaKHMH cBOMCTBaMH o6jiaii3ioT 
oGbeKTbi, HMerouwe p>KaB4HHy, TpymwecH auieMeHTM, 
KOHTaKTbi, a xaioKe nonynpoBoaroiKOBbie npn6opbi, 
BXOÄfllUHe B COCTaB paHH03JieiCrpOHHbIX CpeflCTB 
[1,7]. npHeM orpaaceHHoro cHraana Ha rapMOHH- 
Kax 30Himpyiomero CHraana ASCT B03M0XH0CTb 
HCnOJIb30BaTb He^HHeHHbie pa/BiOJIOKaUHOHHMe 
craHUHH ÄHH oÖHapyxeHHH oGbeicroB, o&ianaioiiiHx 
HeJIHHeHHblMH CBOHCTBaMH. 

ripHMepaMH HejiHHeHHbK npoueccoB HBJIHIOTCH: 

3dp<peKTbI HeJIHHeifflOH paHHOJIOKaUHH [1, 3], He- 
JIHHeHHbie HBJieHHH,   B03HHKaK)mHe  npH  B03- 
aeHCTBHH Ha HOHocipepy HanyweHHH [2] HJIH npo- 
TeKaioiiiHe npH pacnpocTpaHeHHH panHOBojiH 
(npeayte Bcero jiK)KceM6yprcKO-ropbKOBCKMH 3<p- 
(peicr [4]). OTMCTHM, HTO noHTH Bee HeJiHHeHHbie 
3(p(peKTbI npH paenpOCTpaHeHHH paflHOBOJIH co- 
3flaeT HOHoedpepa. 

KaK noKa3bmaK>T 3KcnepHMeHTajibHwe HC- 

cjiefloBaHHH, B p$we cjiynaeB npn oTpaxeHHH 

One of the actual problems of modem 
radar is to find effective detection means 
for slow-moving low-contrast targets 
against strong background clutter. 
Polarization methods [5] and antennas 
with synthetic aperture are rather 
effective methods of improving targets 
detection. 

Advance in non-linear radar contri- 
butes to solving the problem. In this case 
we have targets, which scattering signal 
includes such multiple frequences relatively 
to sounding signal frequency as 2f0, 3/"0 and 
so on. Objects with rust, friction elements, 
contacts and semiconductors as parts of 
electronic devices, possess non-linear 
properties [1, 7]. Reception of the 
scattered signal at harmonics of the 
sounding signal allows to use non-linear 
radars to detect objects with non-linear 
scattering properties. 

Examples of the non-linear processes 
are effects of non-linear radar [1, 3]; non- 
linear phenomena originating from 
impact of radiation on ionosphere [2] or 
having place in wave propagation (Luxem- 
burg effect [4]). Let us note that nearly all 
non-linear effects accompanying wave 
propagation are created by ionosphere. 

Experiments show, that sometimes 
so-called non-linear scattering occurs 
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Polarization Effects in Nonlinear Radar 

3JieKTpOMarHHTHbIX BOJIH OT IieJieH B03HHKaeT, 
TaK Ha3HBaeMoe, HejiHHeMHoe paccesHHe, Korna 

CBH3b Me>Kfly Er H Ef y»ce He MoxeT 6biTb npefl- 
craBfleHa B H3BCCTHOM BH^e, TaK Kaic cneKTp OT- 

päHCCHHOH BOJTHbl OTJIHHaeTCH OT COOTBeTCTBy- 
lomero cneKTpa naflaiomen, npeame Bcero, 
HaJiHHHeM flonojiHHTe^bHbix cocraBJiHiomHX. 3TO 

CBnaeTejibCTByeT o TOM, HTO KOMnoHeHTbi orpa- 
jKeHHoft BOJIHM nojiynaiOTCH nyreM HeKOToporo 
HejiHHeHHoro npeo6pa30BaHHH KOMnoHeHTOB na- 
aaromefl BOJIHM. 

B nocne^HHe ro/jw noHBHJiocb flocraTOHHO 
MHoro nySjiHKauHH, nocBameHHbix oTpaaceHHio 
pa/XHOBOJIH OT yKa3aHHbix BHIIie 06l>eKT0B. Ofl- 
HaKO B CTOpOHe 0CTai0TC3 BOnpOCH, CBH3aHHbie 
C B03MOXHOCTblO  HCnOJIb30BaHHH MeTOflOB pa- 
JWonojiapHMeTpHH wa peiueHHfl paOHOJiOKauH- 
OHHbix 3aaaH npn He^HHefiHOM pacceHHHH. Ecre- 
CTBeHHO, HTO npH HeJIHHeHHOH paflHOJIOKaUHH 
loiaccHHecKaa MaTpHua pacceaHun yxc He MO- 

xeT BbicTynaTb xapaicrepHcraKOH pacceaHHoro 
nojiH. B 3TOM CBH3H B03HHKaeT 3aaana no nocTpo- 
eHHio MaTpHUH pacceflHHH flJifl cjiynafl HejiHHeft- 
Horo pacceHHHH. 

PaccMOTpHM BapnaHT npeo6pa30BaHHH no- 
;rapH3auHOHHoro 6a3Hca /UIH 6e3bmepuHOHHbix 
pacceHBaTejrefl, Kor/ja HejiHHeiiHOCTb onHCHBa- 
eTCH 3aBHCHMOCTbK) 

when a target reflects electromagnetic 
waves. In the case of non-linear scattering 
relation between Er and Ei can not be 
presented in known form, because the 
spectra of the instant and scattered waves 
differ, mainly because of additional 
frequencies. It shows that components of 
the reflected wave are the result of non- 
linear transformation of the incident 
wave. 

In the last years there were many 
publications discussing wave scattering by 
the objects mentioned above. However, 
the questions of using polarimetry 
methods to solve radar problems in the 
case of non-linear scattering are aside. It 
is reasonable that classical backscattering 
matrix can not fully characterize the 
scattering field. So, there appears the 
problem to construct the scattering matrix 
for non-linear scattering case. 

Let us consider polarization basis 
transformation of inertialess scatterers 
with non-linearity described as follows 

(1) 

Tpe6yeTca onpeaeJiHTb peaxiiHio TaKHX pac- 
ceHBaTejien B c/ryqae, Kor.ua naaaiomaH BOJiHa 
HarraeTCH ajuranTmecKH nojmpH30BaHHOH, HTO 

cooTBeTCTByeT HaHÖojiee oGmen CHTyauHH 

It is necessary to find responce of 
such scatterers in the case of elliptically 
polarized incident wave that corresponds 
the most general case 

E = {Ex,Eyf. 

OrpaHHHHMCH cnynaeM, Kor/ja Bee Am, KpoMe Av 

paBHbi Hyjiro. 
ILIH HccjieayeMbix pacceHBaTejieö, npexcae 

Bcero, HJOKHO HatiTH cooTBeTCTByiornyio (popiuy 
npeo6pa30BaHHH KOMnoHeHT nanaiomeH BOJIHM. 

HcKOMoe npeo6pa30BaHHe AOJDKHO 6biTb HHBa- 
pnaHTHO K paanHHHHM npeacTaBJieHHHM KOMn- 
jieKCHoro Beicropa, onHCbmaiomero naaaiomyio 
BOJiHy, T.e. ero qSopiwra (HO He K034)<pHUHeHTbi!) 
IlOJUKHa OCTaBaTbCH HeH3MeHH0H. 

HeTpyimo y6eflHTbCH, HTO O6IUHH BHA TaKoro 
npeo6pa30BaHHJi /rojiaceH 3anHCbiBaTbca cjie/ry- 
JOUIHM o6pa30M 

Let us consider only the case when all 
Am except A2 are equal to zero. 

First, we should find corresponding 
transformation form of the incidend wave 
components . The desired transformation 
must be invariant to different presentation 
of the complex vector, which describes 
the incident wave. It means that its form 
(but not coefficients!) should be perma- 
nent. 

It is easy to show that the general 
form of such transformation is written 
as follows 
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EowpmamioHHue 3<p(peKtnbi npu Hejiumumu paduonoKauuu 

K=au\E'J\    +«12 KK + a21 KK + «22|^f 

E;-bu\E:\2+bn ExEy + b2l KK + b2l\E'y\ 

(2) 

HJIH B MaTpHHHOM BHfle 

^ f, 
«12       «21       «2 

V^ll 

or in the matrix form 

E?, E'X\ %E'y, \E XI (3) 
b\2    b2]    b22 j 

PaBeHCTBO (3) 3anHiueM B KOMruieKCHOH chop-    Let us write (3) in the complex form 
Me 

ET=A2E2). (4) 

CMWCJI BBefleHHbix o6o3HaHeHHH oqeBHfleH. The essence of introduced designa- 
MTaK, ana onHcaHHH pacceHBaioumx CBOHCTB tions is clear. So, there are needed 8 
HejiHHeftHoro «HHCTO KBaapamoro» paccemaTe- complex numbers in the general case, i.e. 
jia B o6meM cjiyqae Tpe6yeTCH 8 KOMimeKCHbix 16 real numbers, to describe scattering 
HHceJi,T.e. 16fleflcTBHTejibHbix. 3ra nucna o6pa- properties of non-linear «purely square» 
3yiOT npsmoyzonbHym Mampuuy pa3MepoM 4x2. scatterer. These numbers form rectangular 
EcTecraeHHO, HTO B STOM cjiynae nojx Ex H Ey 4x2 matrix. Naturally, projections Ex and 
Haflo noHHMaTb He aeKapTOBbie npoeiojHH, a He- Ey are considered here as not Cartesian 
KOTopbie HHbie npoeKUHH, cooxBeTCTByiomHe but some other ones, which correspond 
Bbi6paHHOMy nonjipH3auHOHHOMy 6a3Hcy. B the chosen polarization basis. The elements 
pa3JiMHbix 6a3Hcax 6y,ayT pa3jinHHMMH H 3Jie- Gf the matrix A2 will be different in 
MeHTbi MaTpHUbi Ar PaccMOTpHM KaK OHH 6y,ayT different bases. Let us investigate how 
H3MeHHTbca npu BapbHpoBaHHH noJiapH3aiiHOH- they change under the polarization basis 
Horo 6a3Hca. changing. 

CTapbie KOMnoHeHTbi 3JieicrpnHecKoro Beicro- Old components of the electric 
pa E(2c) fyW1 CBasaHbicHOBHMH E(Z„) npH vector E(zc) are connected with new 
noMoutH jiMHefiHoro npeo6pa30BaHna [8] E(ZH ) bV linear transformation [8] 

E(Xc) = Q(XoXH)EH, (5) 

TOe Q(XC,XH) ~ yHHTapHaa Marpiiua. where Q(ZOZH) 
is unitary matrix. 

ripHMbie BHHHC^eHHfl flaioT cjieayiomee co- 
oTHonieHHe: 

Direct calculations give 

•^(2) (Xo ) _ 0(2) (Xo > Xw ) ^(2) (Xw )' 

r«5 [9] 

(2)' 

where [9] 

(6) 

Q(2){XC>XH) ~ 

2/<fi 

e2in cos2 y 0,5e2;(n+8)sin2y 0,5e2,(,1+5)sin2Y ^^sinM 
-0,5<T2'5sin2y cos2 y -sin2 Y 0,5e2/5sin2y 

-0,5<T2/5sin2y -sin2 y cos2 Y 0,5e2/5sin2y 

e-2^+28)sin2Y -0,5e-2/("+5)sin2Y -0,5ef2,'(n+8)sin2Y e-
2/ncos2Y J 

ripH STOM r\, y, 8 - HeKOTopwe napaiweTpbi, xa- 
paicrepH3yK)mHe HOBMM noJiapH3auHOHHWH 6a- 
3HC [8]. 

(7) 
In this case parameters T],y,8 are some 
values, characterizing new polarization 

basis [8]. 
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HenocpeacTBeHHofi npoBepKofi MOXHO y5e- Direct verification gives that matrix 
HHTbcfl, HTO Marpnua Q{2)(ZC>ZH) raioKe HBJMCT-     Q^ZCZH) is also unitary one, since 
C3 VHHTapHOH, T.K. 

ß(2) \Xc J XH ) 2(2) \Xc' XH ) = * 

TaKHM o6pa30M, npn H3MeHeHHH nojiapH3a- So, while changing the polarization 
UHOHHoro 6a3nca MaTpHua-croji6eH H3 KBanpa- basis one should multiply the matrix- 
THHHMX a^eMeHTOB aojutcHa 6biTb yMHoaceHa Ha column of quadratic elements by the 
yHHTapHyio Maipnuy ß(2) (Zc>ZH), KOTopaa unitary matrix Q{2) (Zc>Zn), which coin- 
npn npeo6pa30BaHHH coBnaaaeT c KOBapHaiui- cide with the covariance matrix in the case 
OHHOH MaTpHuefl npn JiHHeöHOM pacceaHHH. of linear scattering. 

Ann Toro, vroöbi BHHCHHTb, KaK H3MeHHeTCH jn order to find out how the matrix 
MaipHua A2 npH cMeHe nojispH3aiiHOHHoro 6a3H- A2 changes when the polarization basis 
ca, HyxHo B paBeHCTBo (4) noflCTaBHTb COOTHO- js changed, one should put (5) and (6) 
nieHHH (5) H (6), a B KanecTBe ero npaBOH nacra in (4), and then take the complex- 
B3HTb KOMTUieKCHO-conpaaceHHyio Bejnramy conjugate value as the right part 

Er(lN) = Q^lN,lo)M:lo)Q(2)(iodN)E{l) {lN). (8) 
TaKHM o6pa30M, npn H3MeHeHHH nojrapn3a- Thus, when the polarization basis is 

HHOHHoro 6a3Hca MaTpHua A2 noflBepraeTCH cjie-    changed, the matrix A2 is transformed 
ayiomeMy npeo6pa30BaHHio in the following way 

^2(xw) = ß7'(x^>%o)4(Xo)ß(2)(Zo>X^)3 (9) 

npn 3TOM Q(ZCZH) 
H
 0(2)(Zc>ZH) «EnmoTCH where Q(xc>XH) and Q(i){Zc>ZH) are 

yHHTapHWMH MaTpnuaMH. unitary matrices. 
JLia Toro, HTO6H oueHHTi. MomHocTb pacce- In order to estimate power of the 

HHHOH oGpaTHOH BOJiHH, Heo6xoflHMo Bbinoji- backscattering wave, it is neccessary to 
HHTb onepaHHK) Er + Er*: find Er + Er* 

P = Er + Er'=[Q^iNdo)A(lo)Q{2){iodN)Ei2){xN)}Tx 

x[ß*(xw,Xo)^(Xo)ß2*(x0,Xw)^(x^)]= (10) 

= E'(2){XN) ß[2) (Xo, X* ) 4 (Xo ) A (Xo ) ß2* (Xo, IN ) tf2) (%N ). 

BBeaeM o6o3HaHeHHe Let us introduce the notation 

G(2){lo) = 4{lo)£{io)- (ID 
3flecbMaTpHuaG(2)(jc)-3TOKBaflpaTHaa3p- Here matrix G(2)(%c) is the square 
MHTOBaa MaTpHua pasMepoM 4x4, npeacxaB^a- Hermitian 4x4 matrix presenting the 
romaa coßoft Maipnuy TpeHBca. Graves matrix 

KaK BHflHo H3 paseHCTBa (11), aaHHaa Max- M is seen from (11} the iven matrix 

pnua npn H3MeHeHHH norapHaaimoHHoro 6a- fc transformed by similarity transforma- 
3Hca noflBepraexca npeo6pa30BaHHK) nofloöna tion under polarization basis changing 

G(2) (Xo) = Ql {%O>XN)G{2) (X0)ß(*2) (XO.XJV) • (12) 

PaBeHCTBo (3) no3BOJiaeT aaTb peKOMeHfla- The equality (3) allows to give advice 
HHH no SKcnepHMeHTajibHOMy onpe^ejieHHio    how the scatterer parameters (elements 
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flonnpu3au,uoHHue 3(p(peicmbi npu HejiuwÜHOÜ paduojioKanuu 

napaMerpoB pacceHBaTejia - 3JieMeHTOB MaT- of the matrix A2) can be estimated 
pHUbi Ar flna 3Toro Heo6xoflHMO npoBecTH H3- experimentally. Measurements should be 
MepeHHH Ha qerapex nojinpHsauunx o6jiy<raK>- done for 4 polarization types of the 
men BOJiHbi, HanpHMep, ropH30HTa^bHoß, incident wave, for example, horizontal, 
BepTHKa^bHOH, jiHHeHHoft nofl yraow 45° H Kpy- vertical, 45° rotated linear and circular, 
roBon, cooTBercTBeHHo: correspondingly 

E\ = (1 0)7',   E'2=Q \f ,    E\ = 0,5(1 l)7',   E\ = 0,5V2 (1 if . 
3HaHHe aMiuiHTyflbi H (pa3H pacceaHHofl BOJI- Under radiating the waves above, ampli- 
HH npn o6jiy4eHMH BOJiHaMM VKa3aHHbix nojia- tude and phase of the scattered wave allow 
pH3amiH no3BojiaeT oflH03Ha«iHo HaxoflHTh 3Jie- unambiguously determine elements aim, 
Menra a   , bmn MaTpHUH Ar bm of the matrix matrix Ar 

B c/iynae, Koraa B paBeHCTBe (1) Bee m * 0, When all values m * 0 in (1), we get 
6yaeM HMeTb 

E^±A,(E')m. (13) 

npH 3TOM MOJKHO noKa3aTb, HTO c H3MeHeHHeM It is possible to show that with changing 
nojiapHsauHOHHoro 6asnca MarpHUbi Am 6yayT the polarization basis matrices Am would 
npeo6pa30BHBaTbca cjie,nyioiiiHM o6pa30M be transformed as follows 

N 

4„(xw) = Zow(^,zw)^(x0)ow(xo?xw), 
(14) 

rae ß(m)(Zo>5u) - yHHTapHaa MaTpnua, KOTopaa where ß(m)(Zo>Xjv) is unitary matrix, wliich 
4»opMHpyeTca aHajioraHHO Q^)(XCXH)- is formed similarly to Q(2){XC>XH )• 
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3a noaiednue 10 nem npou3oiueji ozpoxmuu npo- 
zpecc epmeumuu (pyttdoMeHmaribHoü POL-IN-SAR 
meopuu u pa3pa6omicu anzopumMoe. 9mo 6uno 
docmuznymo npu noMoiufi 6opmoebix u KOCMUWC- 
KUX nnamtpopM c MHOzonacmomuuMU u Mnozope- 
OKUMHbmu POL-SAR, a manoice POL-IN-SAR cen- 
copnbix cucmeM, cpaenenue u onemca Komopux 6y- 
dym daim c ueabio onpede/iemia ne3aeepiueHHUx 
do mcmosiuißzo epmemi MUCCUU moMozpaqbmec- 
KOZO u zo/iozpaqbuiecKozo omoöpasKemw. LJocKO/ib- 
Ky (pywcuuoHupoeaHue 6opmoebix ucnbimamenb- 
Hbix ycmanoeoK ipe36biHaiiHO dopozo, caMonem- 
Hbie nnamdiopMU He nodxodsim d/m pymuHHozo 
MOHumopuHza, Komopuü jiynuie ocyuificmememat 
c noMOiubfo öecnmomHUX J1A (EIIJIA). Tarnte 6ec- 
nimomnue JIA 6unu pmpaöomaHbi dm eoemwx npu- 
Memmm, oduam e mix omcymcmeyem eo3M03KHOcmb 
peamaauuu POL-IN-SAR mexnonozuu. 3mom »e- 
docmamoK mufamenbHO aHOMUupyemcn, npu smoM 
denaemcx eueod o neoöxoduMocmu tpe3euwÜHO 
6ucmpou pa3pa6omm mexnonozuu POL-IN-SAR 
nnamqbopMbt EIIJIA, e ocoöenmcmu dm Mommo- 
punza umeuenuä e oKpyncawmeii cpede c 6o/ibiuuM 
mtaiOM npuaooKemii, HOHUHOJI C Haeodnenuu, nec- 
Hbix noMapoe do meicmoHmecKux umenemü (3m- 
AempnceHUH, meepucemisi eyjiKame), c naibio npe- 
dynpeoKdeHun 06 onacmcmu e peanbHOM epeineHU. 
Odnatco, dun neneii zno6anbHozo Monumopunza 
3eMHbix noKpoeoe öopmoeux iinu EIIJIA cpedcme 
nedocmamomo, noamoMy npe3euHamo BOJKHO KOK 
MOOKHO 60/iee öbicmpoe pa38umue mexHOAozuu KOC- 
MimecKitx nnamqbopM c MHOZoiacmommiMu u MHO- 

Very decisive progress was made in advan- 
cing fundamental POL-IN-SAR theory and 
algorithm development during the past 
decade. This was accomplished with the 
aid of airborne & shuttle platforms suppor- 
ting single-to-multi-band multi-modal POL- 
SAR and also some POL-IN-SAR sensor 
systems, which will be compared and 
assessed with the aim of establishing the 
hitherto not completed but required missions 
such as tomographic and holographic 
imaging. Because the operation of airborne 
test-beds is extremely expensive, aircraft 
platforms are not suited for routine monitoring 
missions which is better accomplished with 
the use drones or UAVs. Such unmanned 
aerial vehicles were developed for defense 
applications, however lacking the sophisti- 
cation of implementing advanced forefront 
POL-IN-SAR technology. This shortcoming 
will be thoroughly scrutinized resulting in 
the finding that we do now need to develop 
most rapidly POL-IN-SAR drone-platform 
technology especially for environmental 
stress-change monitoring with a great 
variance of applications beginning with 
flood, bush/forest-fire to tectonic-stress 
(earth-quake to volcanic eruptions) for real- 
short-time hazard mitigation. However, for 
routine global monitoring purposes of the 
terrestrial covers neither airborne sensor 
implementation — aircraft and/or drones 
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eopeMUMHbiMU POL-IN-SAR cencopubiMu cucme- 
MOMU. Eydem npoeedeuo cpaenenue cyufecmeyw- 
meü (ENVISAT) u 6ydymux (ALOS-PALSAR, 
RADARSAT-2, u TERRASAT) cucmeM, a manxce 
noK03üHO, Htno m 3tnoM 3mane pcaeumwi nomo- 
cmbio noAHpuMempmeacue u nojinpiiMempimecKue- 
UHmepipepewuoHHbie pencuMbi pa6omu nptmo pac- 
CMampueamb, KOK npedeapume/ibHbie u ecnoMoaamaib- 
Hbie cwzopumMbi, a ne KOK o6uHHue peommbi. 

Kiuoneewe aioea: noAapuMempimeacan u unmep- 
(pepoMempimeaccM SAR, tpopMupoeamie U306pa- 
OKenuü 6opmoebiMit u KOCMimecKUMii SAR, omo- 
6paoKenue u3MemHuü OKpydKamußü cpedbi 

1. BecneHHe 

PaduoAOK,au,uoHHan no/iapwuempm u unmep- 
(pepoMempua cTpeMHTejibHO pa3BHBaroTCH, H STH 

HOBbie PJI TexHOJioraH peuiHTejibHO O6HOBJIH- 

K>T KOHuenuHK) «(popMupoeanue u3o6pa3Kemü 
SAR cucmeMOMU». B STOH pa6oTe nenaercn Ha6po- 
COK nocjieÄOBaTejibHHx flocncKeHHfi, HannHaa 
c cpyHflaMeHTanbHbix noHHTHH H ocBemeHHa 
OCHOBHHX nOJIOXeHHH 3-THX MeTOflOB flHCTaHIJH- 
OHHoro 30HflHpoBaHHH. ECJIH PJI nojiapujuempun 
no3BOJiaeT H3B^eHb ropa3flo 6oJibiuyio HHipop- 
MauHK) o TOHKOH cTpyKiype PJI TeKCTypbl, opH- 
eHTaUHH H 4)OpMe UeJIH, CHMMeTpHH H MaTepH- 
ane, MeM OOUHHOH aMnjiumydnasi paduojionau,usi, 
TO PJI UHtnepipepoMempuH yxe MoaceT nccJie,no- 
BaTb npocrpaHCTBeHHyio (no rayÖHHe) crpyK- 
Typy. IlpH '(popMupoeamiu u3o6paoKeHiin e nojin- 
puMempwecKoü uHmepqbepoMempmecKoü SAR 
(POL-IN-SAR)' MO>KHO OflHOBpeMeHHO H3BJieHb 
HHcpopMaumo KaK o CTpyKiype, Taic H npocrpaH- 
CTBeHHblX CBOHCTBaX.   IlOÄ  3THM  nOHHMaeTCH 
(popMnpoBamie 'u.uqbpoeux Kopm Mecmnocmu 
(DEM)' JIH6O no 'nomocmbw no/mpuMempmec- 
KUM (juampuifa paccemiw)' flaHHMM, JIH6O no 
'daHHbiM moöpaoKemü mmepqbepoMempmecKoü 
SAR C flOnOJIHHTejlbHOH BbirOflOH OT OflHOBpe- 
MeHHoro nojiyneHHH TpexMepHoft 'POL-IN- 
DEAf HH<J)opMauHH. Mcnojib30BaHne MeToaa 
CUIII POL-IN-SAR Ana 'mmepqbepoMempuu c ne- 
peKpbtmueM u3o6padKeuuü npu noemophbix npoxo- 
dax' o6ecneHHBaer jjwcpcpepeHirHajibHyio onemcy 
H H3Mepeirae epOHa H BO3MOXHOCTH MOHHTOPHH- 

ra SKOJioniMecKHX H3MeHeHHfi c HeflocnoKHMoft 
noKa TOHHOCTbK), npeBpamaacb B Heo6xoflHMbitt 
HHcrpyMeHT oueHKH H KOHTpojiH 6noMaccbi ruia- 

— are sufficient; and therefore multi- 
modal and multi-band space-borne POL- 
IN-SAR space-shuttle and satellite sensor 
technology needs to be further advanced . 
at a much more rapid phase. The existing 
ENVISAT with the forthcoming ALOS- 
PALSAR, RADARSAT-2, and the 
TERRASAT will be compared, 
demonstrating that at this phase of 
development the fully polarimetric and 
polarimetric-interferometric modes of 
operation must be viewed and treated as 
preliminary algorithm verification support 
modes and at this phase of development 
are still not to be viewed as routine modes. 

Keywords: Polarimetric and Interferometric 
Synthetic Aperture Radar, Airborne and 
Space-borne SAR Imaging, Environmental 
Stress Change Imaging 

1. Introduction 

The development of Radar Polarimetry 
and Radar Interferometry is advancing 
rapidly, and these novel radar technologies 
are revamping «Synthetic Aperture Radar 
Imaging» decisively. In this exposition the 
successive advancements are sketched - 
beginning with the fundamental formu- 
lations and high-lighting the salient points 
of these diverse remote sensing techniques. 
Whereas with radar polarimetry the textural 
fine-structure, target-orientation and shape, 
symmetries and material constituents can 
be recovered with considerable improve- 
ments above that of standard 'amplitude-only 
Polarization Radar1; with radar interferometry 
the spatial (in depth) structure can be 
explored. In 'Polarimetric-interferometric 
Synthetic Aperture Radar (POL-IN-SAR) 
Imaging' it is possible to recover such 
co-registered textural plus spatial proper- 
ties simultaneously. This includes the 
extraction of Digital Elevation Maps (DEM)' 
from either 'fully Polarimetric (scattering 
matrix)' or 'Interferometric (dual antenna) 
SAR image data takes' with the additional 
benefit of obtaining co-registered three- 
dimensional 'POL-IN-DEM information. 
Extra- Wide-Band POL-IN-SAR Imaging 
- when applied to 'Repeat-Pass Image 
Overlay Interferometry' - provides differen- 
tial background validation and measure- 
ment, stress assessment, and environmental 
stress-change monitoring capabilities with 
hitherto unattained accuracy, which are 
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Hera H 3a6oJioHeHHbix TeppHTopuft. CoBceM He- 
aaBHO, npHMeHeHHe MeTona EWB-POL-D(RP)- 
IN-SAR c MHoroKpaTHbiM napamiejibHWM no- 
BTopHHM npoxoflOM no ipaccaM, pa3HeceHHbiM 
no BMCOTC HJIH no ropH30HrajiH, npHBejio K no- 
aBJieHHK) MeTo^a ' ToMOzpcupmeacozo (juyAbmu- 
UHmepcpepoMempmecKozo) nompuMempmecKozo 
SAR cmepeo-omoöpaoKenuä', oojiaaaiomero BO3- 
MOJKHOCTHMH   30HflHpOBaHHH  CKB03B JIHCTBy H 
Brjiyöb noBepxHocTH. KpoMe Toro, BejjyrcH HC- 
cjieÄOBaHHH paajiHHHbix HanpaBJieHHH, (i) OT- 
KpbmaromHX HOBbie H 3amnmaiomHX cymecrey- 
K>mHX cneicrpanbHwe oKHa"ecmecmeennozo 3/ieic- 
mpoMozMirrmozo cneicmpa (NES)" npnroflHbie JJJIH 

HHcraHUHOHHoro 30HflHpoBaHHH; H (ii) HanpaB- 
jieHHbix Ha cHHxeHHe o6bnmbix "P1 nojaex 
(RFI)" H npeflnojiaraeMoro "Hanpaenennozo zay- 
luemin Gopmoeux u KOCMUHCCKUX POL-JN-SAR 
nnamipopM". 

2. HcTOpHH pa3BHTHe PJI no^apHMCTpHH H 
HHTepcpepoMerpHH 

no^HpHMerpHH cBH3aHa c BeKTOpHoft npn- 
pOflOH nOJIHpH30BaHHHX (ßeKTOpHblx) 3JieKTpO- 
MarHHTHbix BOjiH BO BceM cneicipe OT KpaÜHHX 
HH3KHX qacTOT (KHH) no BbicoKHX yjibipa (pH- 
ojieTOBbix qacTOT (BYÖH). TaM rae nponcxo/w 
pe3KHe KUH nocreneHHbie H3MeHeHHH HHfleKca 
npe^oMJieHHH (HJIH ÄHMeKipmecKOH nocTOHH- 
HOH, MaTHHTHOH npOHHUaeMOCTH H npOBOflHMO- 
CTH), nOJIHpH3aUHOHHOe COCTOHHHe y3KOnOJIOC- 
Hoft (oÄHOMacTOTHoß) BOJIHH npeo6pa3yeTca, 
H aneicrpoMarHHTHaH "eeKmopnan eonna" jienojM- 
pH3yercH. Kon» Bojma npoxo^m- CKB03b cpeoy c 
H3MeHHK>mHMca HRneiccoM npejioMJieHHH HJIH 
oÖJiyqaeT PJI uejib H/HJIH nqucTHJiaiomyio noBep- 
XHocTb, a 3aTeM orpaasaeTCJi; TO B cjrynae 'ynpae- 
jienuM nojiapu3au,ueü MOJKHO oneHHTb OTpaxae- 
MOCTb, (popiwy H opHeHrauHK) orpaxaiomero Tejia. 
BpeMeHHbie (pJiyKryauHH BeKTopa aneicrpHHecKo- 
ro nana, B o6meM cjiynae onncbiBaiomeM ajuinnc 
B njiocKOCTH, nepneHjJUHKyjiapHOH pacnpocrpa- 
HeHHK), HrpaioT cymecreeHHyio pojib BO B3anM0- 
ÄeHCTBHH 3/ieicmpoMazHumHbix 'eeicmopHbix' BOJIH C 
MarepHanbHbiMH TejiaMH H cpeflOH pacnpocrpa- 
HeHHH. ECJTH xaKoe noBeaeHHe nojrapH3auHH B Tep- 
MHHax "noAxpmaujuoHHozo sjwunca" B oniHKe Ha- 
3biBaercH "aMuncoMempueff"; TO B paflHojioKamiH, 
jiHnapHbrx/jiaaapHbix npHJioaceHHHx H cHcreiviax 
SAR 3TO Ha3HBaercfl "nompuMempueiT - or apeB- 
HerpeqecKoro noHaran "H3MepjnourHH opuenmamm 
u (popjny oöbocma". TaKHM o6pa30M, anjDmcoMCT- 
pHH H nouwpHMeTpHH VSMS.V3T flejio c yrrpaBJieHHeM 
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essential tools for improved global biomass 
estimation and also for wetland 
assessment and monitoring. More recently, 
by applying multiple parallel repeat-pass 
EWB-POL-D(RP)-IN-SAR imaging 
along stacked (altitudinal) or displaced 
(horizontal) flight-lines will result in 
' Tomographie (Multi-Interferometric) 
Polarimetric SAR Stereo-Imaging', 
including foliage and ground penetrating 
capabilities. In addition, various closely 
related topics of (i) acquiring additional 
and protecting existing spectral windows 
of the "Natural Electromagnetic Spectrum 
(NES)" pertinent to Remote Sensing; and 
(ii) mitigation against common "Radio 
Frequency Interference (RFI)" and 
intentional "Directive Jamming of Airborne 
& Space borne POL-IN-SAR Imaging 
Platforms" are appraised. 

2. Historical Development of Radar 
Polarimetry and Interferometry 

Polarimetry deals with the full vector 
nature of polarized (vector) electro- 
magnetic waves throughout the frequency 
spectrum from Ultra-Low-Frequencies 
(ULF) to above the Far-Ultra-Violet 
(FUV). Where there are abrupt or gradual 
changes in the index of refraction (or 
permittivity, magnetic permeability, and 
conductivity), the polarization state of a 
narrow-band (single-frequency) wave is 
transformed, and the electromagnetic "vector 
wave" is re-polarized. When the wave passes 
through a medium of changing index of 
refraction or when it strikes an object 
such as a radar target and/or a scattering 
surface and it is reflected; then, characte- 
ristic information about the reflectivity, 
shape and orientation of the reflecting 
body can be obtained by implementing 
'polarization control. The time-dependent 
behavior of the electric field vector, in 
general describing an ellipse, in a plane 
transverse to propagation, plays an essential 
role in the interaction of electromagnetic 
'vectof waves with material bodies, and 
the propagation medium. Whereas, this 
polarization transformation behavior, 
expressed in terms of the "polarization 
ellipse" is named" Ellipsometry" in Optical 
Sensing and Imaging; it is denoted as 
"Polarimetry" in Radar, Lidar/Ladar and 
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KOrepeHTHHMH nOJiapH3aUHOHHbIMH CBOHCTBaMH 
onraiecKHx H paflHOBOjm, cooTBeTCTBeHHo; npn 
3TOM B 3JIJlHnC0MeTpHH B OCHOBHOM HCnOJIb3yeT- 
CH cHcreMa KoopflHHaT FSA ("paccenHue eneped"), 
a B nojiflpHMeipHH HcnojiB3yeTCH CHcreMa Koop- 
flHHaT BSA ("pacceanue na3ad'). 

3. nojiapHMerpHa H HHTepcpepoMerpHfl B 

CHCTeMax SAR 

ECJIH PJI nojinpuMempusi no3BojiaeT H3BJieHb 
ropa3flo 6ojibinyro HHcbopMauHio o TOHKOö 

CTpyKType PJI TeKcrypH, opneHTaiiHH uejiH, 
CHMMexpHH H MarepHa/ie, HeM 'oömnan OMWIU- 

mydnan paduojiomuux, TO o6biMHaa (cKajiap- 
Haa)' PJI mmep<pepoMempusi' no3BOjraeT oueHHTb 
npocTpaHCTBeHHyio CTpyicrypy (flajibHocTb/nry- 
6HHa), no KOTopoö MoacCT 6biTb nocTpoeHa 'u,u<p- 
poean jcapma Mecmnocmu'. QmiaKO, HH OäHH Me- 
Tofl He noMoxeT, ecjiH caMa POL-SAR CHcreMa 
He BblflaCT HH(pOpMaU(HK> O TOM, Ifle Ha B03BH- 
meHHH npoHCXOflHT pacceaHHe; HenoJinpHMeT- 
pHHecKa» IN-SAR HJIH BoeHHaa (HenojiapHMeT- 
pH^ecKaa) 6opTOBaa o63opHaa PJIC He MoxeT 
onpefle^HTb B03BbiuieHHe, OT Koroporo npmneji 
pacceHHHbift cHTHaji - He3aBHCHMO OT ee pajpe- 
uieHHH - nosTOMy Taxan CHcreMa He flaeT Hyac- 
HOH HHfbopMauHH o BepTHKanbHOH CTpyKType 
paCTHTejIbHOCTH H nOflnOBepXHOCTHOH HH(pop- 
MauHH. 3flecb CTOHT no/rqepKHyrb, HTO C noBbi- 
HieHHeM pa3peuieHHH nojiapH3auHOHHaa 3aBH- 
CHMOCTb CTaHOBHTca Bee öojiee aKTyajibHOH; 
cymecTByeT nopor, npn npeBbiuieHHH KOTopo- 
ro nojiapHMeTpHHecKHe IN-SAR CHCTCMH cra- 
HOBHTCH aÖCOJlJOTHO Heo6xOflHMHMH. XOTH IN- 
SAR CHCTeMbI H n03BOJIflK)T BOCCTaHOBHTb 'uiUp- 
poeue Kapmu Mecmnocmu', HO e öoAbwmcmee 
cnynaee 6e3 nojrapHMeTpHH 6yfleT TpyflHo noHHTb 
npoHcxoxfleHHe MexaHH3MOB pacceHHHH. Kpoiwe 
Toro, 5e3 nojiHoft peanH3auHH POL-IN/TOMO- 
SAR MeTOfla B 6ojibuioM flHana30He yrjioB Ha- 
KJioHa 6yfleT TpyflHo, HJIH noHTH HCBO3MOXHO, 

oTJiHMHTb BepxHioio KpoMKy jieca OT TOTO, HTO 
HaXOflHTCH BHH3y, KyCTapHHK OT CJIOHCTOH ÜO- 
HBH HJIH noflnoBepxHOCTHbix o&beKTOB, T.e. pa3- 
jiH4HTb BepTHKajibHyio cTpyKrypy pacniTejibHo- 
CTH H nojiynpo3paHHoro npHnoBepxHocTHoro 
CJIOH. 

SAR Sensing and Imaging — using the 
ancient Greek meaning of "measuring 
orientation and object shape". Thus, 
ellipsometry and polarimetry are con- 
cerned with the control of the coherent 
polarization properties of the optical and 
radio waves, respectively; where in 
elli psometry mainly the "Forward Scattering 
Alignment (FSA)" and in polarimetry the 
"Back Scattering Alignment (BSA)" 
coordinate systems are respectively used. 

3. SAR Polarimetry and 
Interferometry 

Whereas with'Radar Polarimetry' text- 
ural fine-structure, target orientation, 
symmetries, and material constituents 
can be recovered with considerable 
improvement above that of standard 
'Amplitude-Only Radar'; with standard 
(scalar) 'Radar Interferometry', the spatial 
(range/in depth) structure may be 
resolved, from which 'Digital Elevation 
Maps' can be reconstructed. However, 
neither method is complete in that 
POL-SAR by itself does not provide 
information on where in elevation the 
scattering processes take place; and non- 
polarimetric IN-SAR or military (non- 
polarimetric) air-borne imaging radar 
cannot infer the elevation from which 
the scatter comes - irrespective of 
driving up the resolution - and therefore 
not providing the desired information 
about the vertical structure of vegetation 
and under burden. Here, we emphasize 
that with increasing resolution, 
polarization dependence becomes all the 
more pertinent; and that there exists a 
threshold level above which polarimetric 
IN-SAR becomes absolutely necessary 
and prevalent. Although IN-SAR enables 
the recovery of 'Digital Elevation Maps 
(DEMs)', without polarimetry it will be 
difficult to discern — in most cases — the 
source orientation/location of the scat- 
tering mechanisms. In addition, without 
the full implementation of POL-IN/ 
TO MO-SAR imagery with a highly 
enlarged window of depression angles, 
it will be difficult or close to impossible 
to discern the tree-top canopy from that 
of the understore, thicket under-burden 
or of the layered soil and sub-surface 
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4. Pa3pa6oTKa cneuHajiH3HpoBaHHMx 
MyjibTHceHcopHbix o63opHbix nnaitpopM 

OflHaKO flo Tora KaK peanH30BaTb Ha npaK- 
THKe 3TH CJIOXCHhie TeXHOJIOrHH MyjlbTHCeHCOp- 
HHX CHCTeM, Heo6xOflHMO BHpaÖOTaTb CTpaTe- 
rfflO npOeKTHpOBaHHH H H3rOTOBJieHHfl 6opTOBbIX 
njiaTtbopM, KOTopwe 6MJM 6M, B HacmocTH, 
opHeHTiipoBaHbi Ha coBMecTHoe ocymecTBJie- 
HHe MeTOfla' paduotacmomwü EWB-POL-D-IN/ 
TOMO-SAR H 'onmunecKoeo eunepcneicmpajibHO- 
eo BHKH-BCH-By0lT peaoiMa paöora c no- 
BTOpHHM npOXOÄOM. YHHTblBafl, HTO B HaCTOH- 
mee BpeMH npeanpHHHMaioTCH ycHJiHH no 
ycoBepiueHCTBOBaHHK) TexHOjiorHH POL-IN- 
SAR nepezmero o63opa, HCO6XOäHMO npoeK- 
THpOBaTb miaT(pOpMbI C MHHHMajIbHbIMH CTpVK- 
TypHHMH noMexaMH, HTO6H MOJKHO 6HJIO 
Hcnojib30BaTb Becb ÄHana30H HacroT (OT YKB, 
ecjiH He BH, flo KBH ruiioc pacniHpeHHbiH on- 
THHecKHH (BHKH-BCH-BYOH) flHana30H), H 
xejiaTejibHo Ha oflHoft H TOH xe ceHcopHoö 
ruiarcbopMe. IlocKojibKy co BpeMeHH noHRneHHH 
B KOHue 50-x roflOB luiarcpopMbi P-3 Orion — 
OXOTHHKa 3a nOflBOÄHHMH JIOflKaMH, He 6bUIO 
C03flaHO HH OflHOH HOBOH CneU.HajlH3HpOBaHHOH 
' MHozou,eneeoü öopmoeoü tuiarrvpopMu o63opmü 
SAR, 6MJIO 6H qpe3BHMaHHo cBoeßpeMeHHo n 
onpaBflaHHo o6paTHTbca K njiaHHpyiomHM 
CTpyicrypaM DOD, NASA (HQT-JPL), DOC 
(USGS+NOAA), NATO, ESA, NASDA, H 
T.fl., C TeM, HT06bI npHCBOHTb BbIClIIHH npHOpH- 
TeT 3TOMy 3ano3flajioMy Tpe6oBaHHK> no o6ec- 
neqeHHio Äocryna K 'udeaabHbw omoöpaoKaiomuM 
ruiatrKpopMOM', Heo6xoflHMbiM KaK jwn o6jiacni 
BoeHHbix npmiTOKeHHH B nacTH ' zapanmupoea- 
nua 6e3onacHOcmu cmpaHbC, TSK H min onemcH 
cocTOflHHH oKpyscaiomeft cpeflbi n B03HHKaioiinix 
npHpoflHbix H3MeHeHHÖ BO BceM Mnpe. Hcnojib- 
30BaHHe TOJIbKO JIHlüb cymecTByiomHX 6opTO- 
Bbix miaTcpopM yace HeflocraTOHHo, nocmmbKy 
nojmocTbio nojiapHMeTpHMecKHe CIIII1 POL- 
SAR HHTepcpepoMerpbi, B cocraB Koropbix BXQOHT 
HecKOJibKO CHCTeM SAR, He Moryr cpyHKUHo- 
HHpOBaTb Ha HenpaBHJIbHO CKOHCTpyHpOBaHHblX 
("noAxpuMempmecKu neyKMOOKUx") miaTcbop- 
Max, co3aaiomHX pa3JiHqHbie noMexH. 

under-burden, i.e. discern the vertical struc- 
ture of vegetation and semi-transparent 
underbidden. 

4. Design of Mission-Oriented 
Multi-Sensor Imaging Platforms 

However, in order to realize the imple- 
mentation of such highly demanding 
multi-sensor technologies, it will at the 
same time be necessary to develop a stra- 
tegy for the design and manufacture of air- 
borne sensor platforms which are mission- 
oriented specifically for the joint 'Extended 
Radio-Frequency EWB-POL-D-IN/ 
TOMO-SAR plus 'Extended Optical 
Hyper-Spectral FIR-VIS-FUV Repeat- 
Pass modes of operation. Also, considering 
that there exist currently efforts to perfect 
Forward-Looking POL-IN-SAR techno- 
logy, it is necessary to design platforms 
with minimal structural interference 
obstructions, so that the entire frequency 
regime from at least VHF, if not even 
HF, up to EHF plus the extended Optical 
(FIR-VIS-FUV) Regime can be accom- 
modated — desirable on one and the same 
sensor platform. Considering that there 
was no truly mission-oriented new 'Multi- 
purpose SAR IMAGING AIRCRAFT 
PLATFORM designed since that of the 
P-3 Orion submarine hunting platforms 
of the late Fifties, it is a timely and highly 
justifiable request to our forward looking, 
visionary Planning Offices of DOD, 
NASA (HQT-JPL), DOC (USGS + 
NOAA), NATO, ESA, NASDA, etc., to 
place top priority on this long overdue 
demand of having access to the 'ideal 
imaging platforms' required to execute both 
the military wide area 'homeland security 
surveillance' as well as the environmental 
background validation, environmental 
stress-assessment and stress-change 
monitoring missions - world-wide. Just 
to make use of existing air-borne 
platforms of opportunity; is no longer 
sufficient; because EWB/UWB fully 
polarimetric POL-SAR Multi-SAR- 
Interferometers cannot tolerate any 
platform generated multi-path scattering 
obstructions unavoidably encountered 
with all of these"polarimetrically clumsy", 
venerated platform designs. 
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C OflHOH CTOpOHH, JUIH pa3pa60TKH HOBblX 
MHoropexHMHbix, MHoronojiocHbix POL-IN- 
SAR CeHCOpHHX 0630pHHX CHCTeM B03MO)KHO 
HcnoJib30BaHHe flociaTOHHo HefloporHX EIUIA; 
nocKOJibKy OHH fleiicTBHTejibHo Moryr 3aKpHTb 
He6ojibmyio HHiny npn npoBeaeHHH o6biHHoro 
SHCTaHUHOHHoro 30HflHpoBaHHH oKpyxaiomeH 
cpeflbi H oöecneneHHH 'eonpocoe 6e3onacHOcmu' 
B 6e3JiK)flHbix pernoHax. TaKHM o6pa30M, none- 
My 6H BMecro pacxonoBaHHe orpoMHbix H 6e3- 
nojie3Hbix ycHJiHM no ycrpaHeHHK) BJIHHHHH KOH- 

CTpyKUHH cymecTByroiiiHx iuiaTcpopM paflH 
pa3pa6oTKH cynepcoBpeMeHHbix ajiropHTMOB B 

nporpaMMax OTo6pa>KeHH5i c BHCOKHM pa3peme- 
HHeM H o6HapyxeHHa uejieft; He 3aHHTbcn (He- 
nocpeacTBeHHO H 6e3 cyMaToxw) njiaHHpoBaHH- 
eM H KOHcrpyHpoBaHHeM "POL-IN/TOMO-SAR 
rUiaT(J)OpM" C H3MeHHK>mHMHCH, B 3aBHCHMOCTH 
OT Ha3HaHeHHH H Tpe6yeMbix xapaicrepHCTHK, 
pa3MepaMH, HTO Tpe6yeTCH yace ceiiHac H He- 
MewieHHo! B HacTHOcra, HJOKHO pa3pa6oiaTb 
HfleanbHbift Ha6op o63opHbix njiaT(|)opM (äJIH 

MaJIblX, CpeflHHX H 60JIMHHX BHCOT c He6ojib- 
I1IHMH,  CpeflHHMH  H  6oJ7bUIHMH pa3MepaMH)  C 
TeM, HTO6H yflOBjieTBopHTb cpoHHbie H peajib- 
Hbie noTpe6HOCTH no o6ecneqeHHio '6e3onacnoc- 
mu cmpanbi. 

5. Heo6xoaHMOCTk Clffll POL-IN-SAR 
OToSpaxeHHfl npn MOiiHTopHnre 
oKpyxaiomeH cpeaw 

B 3aBHCHMOCTH OT flHCnepCHOHHHX H CTpyK- 
TypHbix CBOHCTB noBepxHocTH pacceHHHH, pac- 
THTeJibHOCTH H/HJIH reojiorHHecKoro crpoeHHa, 
Heo6xoflHMO TmaTenbHO Bbi6npaTb cooTBeTcrey- 
KHUHH HaCTOTHHH flHana30H — COZAOCOeaHHUÜ c 
onpedeneHHUM cu,enapueM SKonozmeucozo MOHU- 

mopmza. 3TO - oojBaiejibHoe Tpe6oBaHHe ana 
nojiyqeHH» BHCOTHOH + crpyicrypHOH HHdx>p- 
MauHH (Borea 3a MarepHarcbHbiMH napaMeTpaMH 
6noMaccbi) o pacranrejibHOM noxpoBa OTHOCH- 

TejibHo npnnoBepxHOCTHoro CJIOH, noBepxHoc- 
THoro cjioa OTHOCHTeribHO noanoBepxHOCTHoro. 
C ycjioxHeHHeM cneHapnH MHorocnoHHoro pac- 
ceaHHH npn 30HflnpoBaHHH oicpyxcaiomeH cpe- 
ilbi, yBejiHHeHne nncjia coraacoBaHHbix co cue- 
HapneM pacceHHHH nacTOTHbix aHana30HOB (B 

npeaejie OT EWB {THIIEP-MHAnA30H u CU1TI 
HHAEA30E) POL-IN-SAR OT 10 (100) Mrii 
no 100 (10) ITu craHOBHTCH Bee öojiee BascHbiM 
H Heo6xoflHMHM. HanpHMep, um KSK MO>KHO 6O- 

jiee TOHHOH (no BO3MOJKHOCTH) oueHKH 6noMac- 
CH yqaCTKOB C TaKHM THnOM paCTHTeJttHOCTH, KaK 

For one thing, the utilization of UAVs 
is not the most cost saving approach for 
the development of novel multi-modal, 
multi-band POL-IN-SAR imaging 
sensor systems; whereas, they indeed may 
provide the desired modicum of 
operation for routine environmental 
remote sensing and 'homeland security' 
monitoring tasks in desolate regions. 
Thus, instead of expending any more 
dead-end efforts on the elimination of 
platform interference effects of existing 
imaging platforms for the purpose of 
developing hyper-fine image processing 
algorithms in the high-resolution imaging 
and target detection programs; why not 
directly and without any further ado 
aggressively attack the planning and design 
of the "Ultimate POL-IN/TOMO-SAR 
Platforms", varying in size according to 
application and mission performance, 
required already now, and immediately! 
Specifically, we require to developing 
the ideal set of low/medium/high- 
altitude versus small/medium/large-sized 
imaging platforms also for satisfying the 
urgent and realistic needs of 'homeland 
security surveillance'. 

5. Need for EWB (Hyper-Band) 
POL-IN-SAR Imaging in 
Environmental Monitoring 

Depending on the dispersive material 
and structural properties of the scattering 
surface, the vegetative over-burden and/ 
or geological under-burden, a careful 
choice of the appropriate frequency bands 
— matched to each specific environmental 
scenario - must be made. This is strictly 
required in order to recover - next to 
material bio-mass parameters - canopy 
versus sub-canopy versus under-store, 
ground-surface versus sub-surface DEM 
+ STRUCTURE information. With 
increasing complexity of the environ- 
mental multi-layered scattering scenario, 
the implementation of increasing numbers 
of scenario-matched frequency bands - 
in the limit - contiguous EWB (HYPER- 
BAND and ULTRA- WIDE-BAND) POL- 
IN-SAR across 10 (100) MHz to 100 (10) 
GHz becomes all the more necessary and 
essential. For example, in order to assess 
- as accurately as ever possible - the bio- 
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KycrapHHK apKTHHecKOH Tynapbi, apKTHiecKM xaH- 
ra, TponHqecKHe Jieca yMepeHHoft 30HH, caBaHHbi 
c peflKofi pacTHTejibHocTbio, ruioTHaa pacTHTeJib- 
HOCTb cy5rponnMecKHX H 3KBaT0pnarcbHbix aacyH- 
rjieti, B KascnoM cjiyiae Tpe6yeTca Bbi6op paanHH- 
Hbix POL-IN-SAR OTOopaxaiomHX ruia-npopM, 
KOTopwe MoryT pa6oTaTb B pa3Hbix flHana30Hax 
(B onTHMaJibHOM pexMMe OT BH/YKB {(10) 100 
MITJ} flHana30Ha ao KBH (100 ITu)) H Ha pa3- 
Hbix BbicoTax. TOHHO Tax xe, jyifl 6oJiee TOMHOH 
H npoBepaeMoft oueHKH BJiaxHocTH H uiepoxo- 
BaTocTH noHBbi, a TaKxe SKBHBaneHTHoro coaep- 
acaHHH BO^H B CHere, Heo6xoÄHMa peajiH3auHH 
MHOrOnOJTOCHblX  H   pa3HOBMCOTHHX  POL-IN/ 
TOMO-SAR cHcreM. 3aecb cnezryeT nQzrqepKHyrb 
Heo6xoflHMOCTb 6bicTporo nporpecca arax Me- 
TOflOB POL-IN-SAR oTo6pa)KeHHfl zuia ynyn- 
uieHHH Bee eine mioxo paooTaiomHX ajiropnr- 
MOB  OUeHKH   6HOMaCCbI,   BaJKHOCTb   KOTOpblX 
BecbMa BejiHKa. 

HueanbHbie pa6onHe BMCOTH ruiarcpopM TaK- 
xe oxnHiaioTca OT oflHoro cueHapHfl K apyroMy. 
XLia 6ojibiiiHHCTBa JiecoB c IUIOTHOH H nojryruioT- 
HOH  paCTHTejIbHOCTbK) yMepeHHWX 30H  onTH- 
ManbHbiM MoaceT 6biTb pacuiHpeHHbift OBH/ 
YBH/CBH AHana30H (600-5000 Mru). Toraa KaK 
ana iwoTHoro fleBCTBeHHoro SKBaTOpHajibHoro 
jieca c orpoMHbiMH aepeBbaMH, oÖJiaaaiomHMH 
BbicoKofl npoBOflHMocTbio, Tpe6yeTca CLUn 
AHana30H (10-1000 MI"u), H T.fl. TaKHM o6pa30M, 
HMeioiUHHca BbiSop qacroTHbix aHana30HOB ana 
oueHKH 6HOMaccbi BecbMa orpaHHHeH H Heao- 
CTaToneH ana cnyMaa L/S/C/X-aHana30HOB, Jie- 
xamHx Bbime BepxHeft KPHBOH HacbimeHHa rac- 
Tepe3Hca 6HOMaccbi, Toraa Kax HOMHHajibHbiß 
P-flHana30H (420 Mru) Jie>KHT3HaTOTejrbHO rorace 
HHacHett KPHBOH HacbimeHHa ana 6ojibUiHHCTBa 
ranoB o6jiacTeH noKpbiTbix jiecaMH B yMepeH- 
HMX KHMMaTHHeCKHX 30HaX. ToMHO TaK >Ke, flJIH 
BoccTaHOB^eHHa TpexMepHOM noanoBepxHocr- 
HOH HH(popMauHH o cyxnx H MaxHbix noHBax, 
BKJIlOHaa   CBOftCTBa  BJia>KHOCTH   nOMBbl,   OnTH- 
ManbHbifi Cllin BH/YB1! aHana30H JiexHT Hioce 
HOMHHajibHoro P-flHana30Ha (420 Mru) ao 10 
Mru. TaKHM o6pa30M, aaamHBHbie pexHMw pa- 
6ora Cllin POL-IN/TOMO-SAR CTaHOBaTca 
o6a3aTejibHMM ycnoBueM ana nojiyneHHa Tpex- 
MepHOM HHCpopMauHH 06 OKpyxaioiueH cpeae, 
OUeHKH H MOHHTOpHHra npoHcxoaamHX B Heß 
H3MeHeHHH. 

mass of specific types of forested regions 
(such as boreal tundra shrubbery, versus 
boreal taiga, versus temperate-zone rain- 
forests, versus sparsely vegetated 
savannahs, versus dense sub-tropical to 
equatorial jungle-forests) requires in 
each case adifferent choice of multiple- 
to-wide-band POL-IN-SAR imaging 
platforms, not necessarily operated at 
one and the same band and at one fixed 
altitude, for optimal performance within 
the HF/VHF{(10)100 MHz} to EHF (100 
GHz) regime. Similarly, for more 
accurate and verifiable estimation of soil 
moisture and roughness, and of snow 
water equivalence such multi-band and 
multi-altitudinal POL-IN/TOMO-SAR 
implementations become essential. Here, 
we emphasize the need for the rapid 
advancement of these integrated POL- 
IN-SAR Imaging techniques in order for 
advancing the still overall poorly perfor- 
ming bio-mass estimation algorithms, 
which still lack such vital capabilities. 

The ideal operational altitudes also 
differ from one scenario to the other. For 
most semi-dense to dense forests of the 
temperate zones, the EWB VHF/UHF/ 
SHF (600-5000 MHz) regime may be 
optimal. Whereas, for a dense virgin 
equatorial rain forest with huge trees of 
highly conductive hard-wood, the UWB 
(10-1000 MHz) regime is required, etc. 
Thus, the current choice of frequency 
bands for bio-mass determination is 
indeed very limited and insufficient in 
that the L/S/C/X-Bands all lie well above 
the upper saturation curve; and, the 
nominal P-Band (420 MHz) well below 
the lower saturation curve of the bio-mass 
hysteresis - for most types of forested 
regions within the temperate climatic 
zones. Similarly, in order to recover the 
three-dimensional sub-surface image 
information of dry to wet soils including 
its soil moisture properties, the optimal 
EWB HF/VHF-regime lies below the 
nominal P-Band (420 MHz) to well 
below 10 MHz. Thus, adaptive EWB- 
POL-IN/TOMO-SAR modes of opera- 
tion become a stringent requirement for 
three-dimensional environmental back- 
ground validation, stress assessment, and 
stress-change monitoring. 
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6. BMBOAM 

HeoöxoflHMO npeflnpHHHTb Bee B03MO)KHbie 
yCHJTHH, 4T06bI paClUHpHTb H yBejIHHHBaTb, HO 
H He npeHeöperaTb yxce cymecTByiomHMH, HO 

noKa eme HeflocraTOHHO Hcnojib3yeMHMH pjm 
HayHHbix uejieft, CBo6o,HHbiMH ' cneicmpaAbHtmu 
OKHOMU djiH u.eneii ducmanuxioHHOzo 3ondupoea- 
HUSI', KOTopbie cjieayer pacnpeaejiHTb c 'noza- 
putpMUHecKou nepuoduHHOcmbio' BO Bcex HMeio- 
1UHXCH HaCTOTHblX flHana30HaX npH6jIH3HTeJIbHO 
OT 1 (10) MIuflo 300 (100) ITII, H Bbime. KpoMe 
Toro, flJia HaaexHOH H 6ojiee TCWHOH OUCHKH napa- 
MerpoB 6HOMaccbi HeooxoflHMo Hcnojn>30BaTb no- 
jwpHMerpHHecKHe rraiepcneKTpanbHbie pe3yjibra- 
Tbi OTo5pa»ceHHa, nonyHeHHbie B paciimpeHHOM 
BHKH-BCH-BYOH ÄHana30He. HeoöxoflHMo ceft- 
nac H HeMeaneHHO Hanarb pemeHHe npo6jieM pac- 
npeaejieHHH lacroT H HacroTHbix flHana30HOB (c 
yneroM TaKHx coBpeMeHHbix UH(})poBbix MCTOäOB 

KaK UHcJ)poBoe (popMHpoBaHHe Jiyna aHTeHHbi, 
im4)poBoe KOflHpoBaHHe H Koppejiamw), yMeHb- 
meHHH noMex npw UH^POBOM Bemarom, a TaiOKe 
cHHxeHHe yrpo3bi BHeiiiHHX noMex, TeM 6ojiee, 
HTO 3Toro TpeöyeT HeH36e>fCHaH peamrauHH Me- 
TOflOB POL-IN/TOMO-SAR HaöJiiofleHHH H AHC- 

TaHUHOHHOrO 30HflHpOBaHHH. 

6. Conclusions 

Every possible effort must be made 
to expand and to extend but not to give 
up the existing, highly insufficient avail- 
ability of free scientific 'remote sensing 
spectral windows', which must absolutely 
be spread with 'deca-logarithmic periodi- 
city' throughout the pertinent frequency 
bands of about 1 (10) MHz to 300 (100) 
GHz, and beyond. In addition, for a reliable 
and more accurate estimation of biomass 
parameters, it is definitely necessary to 
add and include polarimetric hyper- 
spectral EO wideband FIR-VIS-FUV 
imagery. The entire issues of frequency 
allocation and radio spectral-band 
sharing - coupled with modem advanced 
digital techniques, such as digital antenna 
beam forming, digital coding and 
correlation - plus digital radio frequency 
interference reduction as well as RFI 
threat mitigation must be re-addressed 
totally and immediately - especially as 
regards the unavoidable implementation 
of POL-IN/TOMO-SAR surveillance 
and remote sensing technology. 
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IlojrapiBauHOHHfeie ÖHCTaÖHJibHbie 
onTHHecKHe ycTpoftCTBa 

B.A. Taöapmi 

CypryrcKHH rocyÄapcTBeHHbifi ymmepcHTeT 
E-mail: tabarin@surguttel.ru 

B doiaiade dan 0630p ycmpoiicme, e nomopux pea- 
AtayemcM nompmaiuioHHasi onmmecnan 6ucma- 
6iuibHocmb. Bnacmnocmu, eeedeua laiaccucpuKaniisi 
eudoe 6ucma6ujibHocmii. PaccMompenbi nepeue KOH- 
cmpyicnuu ycmpoiicme, ucnontaymnux nemmeünue 
pesoiiamopbi 0a6pu-I7epo c onmimecKUM Kpucmcm- 
AOM, npedjioncemwe A. Korpel u A. Lohmann. B 
npuöope maKoao muna o6w,an ebixodnasi Mouuiocmb 
eceeda odimanoea djm deyx cocmonmiu 6ucma6um- 
Hocmu. H. Lee u Y.Chen npedA03Kwiu cxejuy, e KO- 
mopoi'i exodnuMit u ebixodimMii napa\tempciMii ae- 
nmomcn cocmoamm noAapii3aiatu onmimecKOZo 
uznyieiwi. [JpedjiooiceHHan cxe.ua ocuoeaiia ua 3<p- 
cpeicme 0apadesi c ucnoAb3oeanueu eneumeii 3Jietc- 
mpimecKoü oöpamuoü cen3it. KpoMe yica3anHbix 
npuGopoe e doiaiade npueedeiibi ycmpoücmea notin- 
PU30HU0HH0Ü onmmecKoti öucmaöiuibnocmu, pa3pa- 
öomaHHbte aemopoM c compydHUKOMii. 

IlpedjioMceH noJuipu3awoHHuü 6ucma6iuibHbiii 3Ae- 
jueum c aneicmpimecKoü oßpamnoü cesawo na OCHO- 

ee He-Ne juaepa na dAune eoAHbi \=3,39 MKM, e 
pe30Hamop Komopozo noueiu,eua meima Qapaden 
na MOHOKpucmaAAe Mcejie30ummpueeozo zpauama. 
B daHHOM sAeMenme npoucxodum nepeKMoneme 
cocmoHHim noAMpu3au,uu c r* 11a r~ u uaoöopom. 

OnTHHecKaa 6HCTa6njibHocrh - 6bicrpo pa3- 
BHBEUOmaflCH OÖJiaCTh COBpeMeHHblX HCCJieflOBa- 
HHH. BHHMaHHe K Heft oöyaioMeHO BO3MOXHOC- 

THMH ee npaKTHHecKHX npHMeHeHHft K nojiHocrao 
oirrmecKHM cxeMaM JIOITIKH H TCMM HHTepecHbrMM 
HBneHHHMH, KOTOpbie jieacar B ee OCHOBC 

OriTHHecKafl ÖHCTa6MJibHocTb B naccHBHoft, 
HeB036yjKjieHHoft cpene BnepBbie HaojiKwanacb 
B napax HaipHH B 1974 r. 3areM 6büiH BbinojiHeHM 
SKcnepHMeHTbi c caMHMH pa3Hoo6pa3HWMH 
cHCTeMaMH, BKJiiOMaH MHHHaTiopHbie nojiynpo- 
BOflHHKOBbie Jia3epbi. B Hacroamee BpeMa npw- 
»oiaaHbie pa6oTbi HanpaBJieHbi Ha onTHMH3auHio 
3THX aneMeHTOB, pa3pa6oTKy ycTpoftcTB Ha HX 

ocHOBe H T.fl. Pa3JiHHaiOT, TaK Ha3bmaeMbie a\in- 
jiHTyaHyro H B03HHKiiiyio cymecTBeHHo no3xe 
nOJTJipH3aUHOHHyiO 6HCTa6HJlbHOCTb. 

Polarization Bistable Optical 
Devices 

V.A. Tabarin 

Surgut State University 
E-mail: tabarin@surguttel.ru 

The paper presents review of devices in 
which the polarization optical bistability 
is realized. In particular the classification 
of bistability aspects is introduced. The 
first design of the devices using nonlinear 
Fabry-Perot resonators with an optical 
crystal suggested by A. Korpel and A. 
Lohmann are considered. In such type 
device, the full output power is always the 
same for two bistability states. H. Lee and 
Y. Chen suggested a circuit, in which 
polarization states of optical radiation are 
input and output parameters. The given 
circuit is based on the Faraday effect using 
an external electric feedback. Besides the 
devices specified in the paper, devices of 
polarization optical bistability developed by 
the author and co-workers are presented. 

A polarization bistable element with electric 
feedback based on He-Ne laser with Ä =3.39 
jum is suggested. The Faraday cell on iron- 
yttrium garnet mono-crystal is placed in 
the laser resonator, where switching of 
polarization state from 1* to r and vice 
versa takes place. 

The optical bistability is the fast 
developing area of modern research. Such 
attention is caused by opportunities of 
its practical application in completely 
optical logic circuits and the interesting 
phenomena which it reveals. 

The optical bistability in a passive not 
excited medium was observed for the 
first time in natrium vapours in 1974. 
Then experiments with different systems 
including miniature semiconductor 
lasers have been performed. Now applied 
works are directed to optimization of 
these elements, the development of 
devices on their basis, etc. There are so- 
called amplitude bistability and the 
subsequent polarization bistability. 
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BBefleM ocHOBHbie onpeflejieHHH H o6o3Ha- 
MeHHH. ToBOpHT, MTO CHCTeMa OOTHMeCKH 6HC- 

Ta6mibHa, ecjiH npn OZTHOM H TOM ace 3Hane- 
HHH BxoflHoro cHraarca /. B HeKOTopoft o6jiac™ 
ero H3MeHeHHH BHXOAHOH CHraaji IT HMeeT flBa 
ypoBHH HHTeHCHBHOCTH. TaK, CHCTeMa, nepe- 
aaTOHHaa xapaKTepHcraica KOTopoft H3o6pa»ce- 
Ha Ha pHC. 1, 6HCTa6HJibHa B flHana30He HHTCH- 

CHBHOCTeH BXOÄHOTO H3JiyHeHHH OT IM flO I./iT 

h 

Let us introduce basic definitions 
and designations. A system is called as 
optically bistable, if for the same value 
of input signal Ijn within some area its 
changing the output signal IT has two 
levels of intensity. So, the system with 
transfer characteristic shown in Fig. 1 is 
bistable over the range of intensities of 
input radiation from I. x up to LmY 

. 

. «- -«— —>— 

 *-—r>—*" 

'M l- h 
PHC. 1.  riepeflaTOHHaa xapaicrepHCTHKa ycTpoftcTBa c aMroiHTVÄHoft 

6HCTa6H^bHOCTbK) 
Fig. 1.   Transfer characteristic of amplitude bistability device 

OneBHUHO, HTO Taicaa CHCTCMH aBJiaeTca He- 
jiHHeHHOH, Tax KaK IT Hejib3a nojiyMHTb nyreM 
npocToro VMHoaceHHa I Ha nocTOHHHoe HHC- 

JIO. HTOSH nOJiyHHTb 6HCTa6HJIbHbIH OTKJIHK, QII- 

HOH HeJIHHeHHOH CHCTeMbI HeflOCTaTOHHO. He- 
o6xoflHMa eme o6paTHaa CBa3b, KOTopaa 
n03BOJIHeT nOJiyHHTb MHOr03HaHHOCTb HejIHHeft- 
Horo nponycKaHHH, T.e. 6ncTa6HJibHocTb. 3TO H 

ecTb aMnjiHTyzmaa onTHHecicaa 6HCTa6mibH0CTb 
(AOB), noflpo6HO onncaHHaa B [1]. 

OTJIHHHTeJIbHOH OC06eHHOCTbK> 6HCTa6HJIb- 
Hbix ycTpoHCTB aBJiaeTca HajiHHHe rHCTepe3Hca 
B nepe^aTOHHOH xapaKTepHCTHKe onranecKOH 
CHCTeMbI. 

riojiapH3aHHOHHaH onTHHecicaa 6ncTa6HJib- 
HOCTb (nOB) BnepBbie onncaHa B [2]. Ee aBTO- 
pbi Korpel H Lohmann npe/uio>KHJiH HecKOJibKO 
nepcneKTHBHbix CHCTCM no FIOB. IlOB CHCTeMa 
3T0 CBoero pofla MO/rndpHKauHa AB CHcreMbi, rae 
aBa COCTOHHHH OnTHHeCKOH 6HCTa6HJIbHOCTH 
Onpefle^HK)TCH He BeJIHHHHOH BbIXOflHOrO CHT- 
Hana, a TOJibKO cocroaHHeM nojiapH3auHH STOTO 

CHTHana. B HaeajibHOM npn6ope TaKoro THna 
o6maa BbixoaHaa MouiHocTb Bceraa aojixHa 
6biTb oflHHaKOBa fljia aßyx cocToaHHH 6ncTa- 
6HJibH0CTH. B npHHiiHne B Taicnx ycrpoHCTBax 
SHeprna He pacceHBaeTca, 3a HCK/noneHHeM He- 
H36e3CHbix noTepb 3a cneT noraoiiieHHa. 

Obviously such system is nonlinear, 
since IT can not be obtained by common 
multiplication of ljn by a constant. It is 
not sufficient to have a nonlinear system, 
to get a bistable response. We need a 
feedback, which allows to provide a 
multivalued nonlinear transmission, i.e. 
bistability. It is the amplitude optical 
bistability (AOB) that was described in 
details in [1]. 

The distinctive feature of bistable 
devices is presence of a hysteresis in the 
transfer characteristic of an optical 
system. 

For the first time, polarization optical 
bistability (POB) was described in [2]. The 
authors, Korpel and Lohmann, suggested 
several perspective POB systems. A POB 
system is some kind of modification of 
AOB system, where two states of the 
optical bistability are determined by only 
polarization state of this signal, Kather 
than by output signal magnitude. In an 
ideal device, the total output power 
always should be equal for two states of 
the bistability. Basically in such devices 
energy does not dissipate except for 
inevitable losses due to absorption. 
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noJinpii3cmuoHHbie 6ucma6wibHbie onmimecKue ycmpoücmea 

noJiJipvoamiOHHaH 6HCTa6HJibH0CTb MoxeT 
6wTb nojiyneHa cjie^yiomMM o6pa30M. IlycTb 
oSbMHbiM H30TponHHH pe30HaTop <J>a6pn-riepo 
(aajree Oil) ocBemaeTca x-nanapH30BaHHbiM 
CBeTOM (PHC. 2). 

CocTOHHHe nojiHpH3aunH oTpaaceHHoro CBe- 
Ta MeHfleTca Ha y-nojiHproauHio c noMombio 
nonyBOJiHOBOM n^acTHHKH X/2. npomefluiHH Jiyq 
HanpaanaeTCH na TaK Ha3biBaeMHH pacuieriH- 
Tejib no^apH30BaHHoro jiyqa (PITJT). KaK BH/IHO 
H3 PHC. 2 PriJT coÖHpaeT npouie,zmiHH H OTpa- 
xeHHbiii JIVHH H HanpaBJiaeT HX B oztHy dopoHy. 

The polarization bistability can be 
obtained as follows. Let a conventional 
isotropic Fabry-Perot resonator (furher 
FP) is illuminated by x-polarized Ihht 
(Fig. 2). 

The polarization state of reflected 
light is transformed to y-polarization 
with using the half-wave plate X/2. The 
passing beam goes to splitter of 
polarized beam (SPB). The SPB collects 
the passing and reflected beams and 
directs them to one side (see Fig. 2). 

00   Ü iL   <x)      ^ 
4 

\ >         fl            > 
-^ 

2 \ «        U   (?) \ (V) 

PHC. 2.   YcTpoficTBO nOB (1,2- 3epKajia, 3 - pe30HaTop Oa6pH- 
Ilepo, 
4 — pacmemiTenb nojwpH30BaHHoro Jiyna) 

Fig. 2.   POB device: mirrors (1 and 2), Fabry-Perot resonator (3), 
polarized beam splitter (4) 

ECJIH Tenepb B pe30HaTop On BBCCTH, HanpH- 
Mep, sjieKTpoonTHHecKHH KpHcranji, noKa3aTejib 
npeJIOMJieHHH KOTOpOrO 3aBHCHT OT HHTeHCHB- 
Hocra nwyneHun, TO npH no^ane Jiyna cBeTa Ha 
Bxofl pe30HaTopa Oil, <pa30Bafl 3aaepaaca BHyrpH 
pe30HaTopa 6yaex H3MeHjm>cfl nponopuHOHajib- 
HO noKa3aTejiK) npejioMJieHHH « = «„+«,/, rae 
BejiHMHHa /nponopuHOHajibHa MOUIHOCTH, npo- 
luefluiHÜ nepe3 Oil pe30HaT0p. 

B pe3yjibTaTe MouiHocxb npomejwiero Jiyna 
(TRANS) 6yneT cooTBeTCTBOBaTb HVDKH&VI lacm 
rpacpHKa (pHC 3), B TO BpeMH KaK H3MeHeHHe 
MomHocTH OTpaxeHHoro Jiyna (REFL) COOT- 
BeTCTByeT BepXHeft Macra rpacpHKa (pnc. 3). 

CjieaoBaTejibHO, B cjiy^ae peanH3auHH Bepx- 
Hett qacTH rpacpHKa (npn äBHXCHHH BBepx no 
KpHBOH REFL) BbixoflHoe H3JiyqeHHe 6yaeT npe- 
HMymecTBeHHO y-nojiapH30BaHO, KaK noKa3aHO 
TpeyroJibHHKaMH Ha pnc. 3. ripn nepeMemeHHH 
no rpacpHKy BHH3 (REFL) BbixoflHoe HanyneHHe 
6ya;eT x-nojwpH30BaHO, RO Tex nop, noKa Bejm- 
HHHa  BXOflHOH  MOIUHOCTH  6yfleT BHUie MHHH- 
ManbHoro 3HaneHHH oßjiacTH 6Hcra6HJibHocTH. 
KBaapaTbi Ha rpacpHKax pnc. 3 o3HaHaioT HHCXO- 

If to place an electro-optic crystal, 
which refractive index depends on radi- 
ation intensity, into the FP resonator, 
the phase delay inside the resonator will 
vary proportionally to the refractive index 
n = nB + nj (magnitude I is proportional 
to the power passing through the FP 
resonator) while light beam illuminating 
the resonator input. 

As a result, the passing (TRANS) 
and reflected (REFL) beam powere will 
correspond to the lower and the upper 
parts of the diagram (Fig. 3), corres- 
pondingly. 

Therefore, if the diagram's upper 
part is realized (while moving up along 
REFL curve) the output radiation will 
be mainly y-polarized, as designated by 
triangles in Fig. 3. While moving down 
along REFL curve, the output radiation 
will be x-polarized until the input power 
magnitude is higher than the minimum 
value of the bistability area. The squares 
in Fig. 3 mark the descending conditions. 
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admire cocroaHHH. KaK BHBHM, B 3-TOM Merofle no- 
jiyneHHH IlOB Hcnojib3yeTca HejiHHeHHbifl pe- 
30HaTop On. HOBHM raioKe flBjiaeTCH TO, HTO 

06a Jiyna npoinefliiiHH a OTpaaceHHbiH ncnojib- 
3yiOTCH nm rpopMHpoBaHHH BbixoflHoro nairyHe- 
HHfl. HHTeHCHBHOCTH H3HyMeHHH / H / CTOTaeT- 
CH OflHHaKOBHMH. 

As is seen, this method of POB imple- 
mentation uses a nonlinear FP resonator. 
The new is also that both, passing and 
reflected, beams are used for forming 
the output radiation. The radiation 
intensities / 

X 

equal. 
and /  are considered to be 

TRANS& REFLtjr) 

PHC. 3.   riepeflaTOHHbie xapaKTepucTHKH ycTpowcTBa, H3o6pa)KeHHoro Ha pHc. 2 
Fig. 3.   Transfer characteristics of the device shown in Fig. 2 

B pane paßoT npemioxeHbi apyrne cxeMHbie 
peuieHHH. B paSoTe [3] aHajiH3npyeTCfl BO3MOX- 

HocTb nojiyqeHHfl nojiHpH3aunoHHOM onraHecKoft 
6HCra6nJIbHOCTH, B KOTOpoft BXOflHblMH H BMXOfl- 
HbiMH napaMeTpaMM HBJIHIOTCH COCTOHHHH nojin- 
pH3airroi orrraHecKoro H3jryMeHHH. npeonoxeHHaa 
nOB ocHOBaHa Ha arhrheicre Oapaaea c ncnojib- 
30BaHHeM BHeuiHen araeicrpHHecKOH o6paraoH 
CBH3H (pHC. 4). 

There are works where another cir- 
cuitry are suggested. In [3] the opportunity 
to provide the polarization optical bi- 
stability is analyzed, when polarization 
states of optical radiation are the input 
and output parameters. The given POB is 
based on the Faraday effect with using 
the external electric feedback (Fig. 4). 

PHC. 4.  ycTpoiicTBO nOB Ha 3(Jxpeicre <t>apaztefl (1-4 — 3epKana; P - nojiapH3aTop; 
A — ycHJiHTejib oSpaTHoft CBH3H; D,, D2 — (poTOAereKTopw; Icb - 
nocTOAHHoe CMemeHHe; S — cojieHorm; M — MamHTHbrti o6pa3eu) 

Fig. 4.   POB device based on Faraday effect: mirrors (1 to 4), polarizer (P), feedback 
amplifier (A), photodetectors (Dp D2), constant bias (/c4), solenoid (S), 
magnetic sample (M) 
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IIompmanuoHHue 6ucma6wibHue onmmecKue ycmpoucmea 

3a ocHOBy B3AT MarHHTOonnMecKHH Ma- 
TepHan. CoraacHO 3(bd>eKTy Oapa^ea yroji no- 
BopoTa ruiocKOcra noJiapH3auHH nponopuno- 
Ha^eH BeniMHHe MamHTHoro nojia, nqnaBaeMoro 
Ha o5pa3eu 

a-ö='ß#- 

The basis is a magneto-optical material. 
According to the Faraday effect, the 
rotation angle of the polarization plane 
is proportional to magnetic field magni- 
tude applied to the sample 

(1) 

3,necb Qr ß0 - ynibi ruiocKOcreft nojiHpH3auHH 
cooTBeTCTBeHHO Ha o6pa3eu, CBeTa Bbiineaiuero 
H3 o6pa3iiajryHa, l-jumna o6pa3ua, H- Bejm- 
HHHa HanpnxeHHOCTH MaraHTHoro nojia. 

JlHHeMHO  nOJIHpH30BaHHafl  MOHOXpOMaTH- 
MecKaa BOJiHa c yraoM noJiapH3auHH Ö, (PHC. 4) 
na aaer Ha MarHHTHMH MaTepnaji. Tor/ja yroji nojia- 
pn3auHH BbixoflHoro H3JiyqeHHH 6yner Q0. BHCIUHHH 

o6paTHa« cBH3b ooecneiHBaex TOK B KaTyuiKe, KO- 

TOpblH, B CBOK) OHepeflb, Onpeae/WeTCfl HHTeHCHB- 
HOCTbK) cBexa, naaaiomero Ha Äereicrop Dr 

Ha BXOäHOM oKHe D2 npoHCXoflHT HHTepcpe- 
peHHHH flByx JiyueH: nacraHHO ocjia6jieHHoro 
BxoflHoro H BbixoflHoro. CHraan c Harpy3KH D2 

noaaeTca Ha ycmiHrejib TOKa, KoacpdmuMeHT ycn- 
JieHHH KOTOpOrO 3aBMCHT OT MHTeHCHBHOCTH na- 
aaiomero Ha MarHHTHMH o6pa3eu HSJiyMeHHH. H3 
COOTHOIIieHHH   (1)   M05KHO  HaHTH  3aBHCHMOCTb 
yrjia nojiflpH3au.HH BbixoflHoro jryHa OT yrjia no- 
jiapH3auHH BXOflHoro Jiyna. Ha pnc. 5 npHBefleHbi 
TpH 3aBHCHM0CTH BeJIHTOHM H OT Q0 AJIH pa3- 
JIHHHHX 3HaqeHHH  Q. 

Here QP Q0 are angles of the polarization 
planes of incident and output radiation, 
/ is the sample length, H is the 
magnetizing force value. 

The linearly polarized monochromatic 
wave with the polarization angle Qt (see 
Fig. 4) falls on the magnetic material. Then 
the polarization angle of the output radi- 
ation is ß0. The external feedback provides 
the coil current, which is termined by 
the light intensity on the detector Dr 

At the input window Z>2 there is inter- 
ference between partly attenuated input 
beam and the output beam. The signal from 
D2 load is applied at the current amplifier, 
which gain depends on intensity of radi- 
ation incident upon the magnetic sample. 
Using (1) it is possible to find dependence 
of the output beam's polarization angle 
on the polarization angle of the input 
beam. Figure 5 shows three dependences 
of H versus Q0 for different Qt values 

Qm=Q„    öo=ß,+f>    0o=ß-f- 

«L-r   &»   *<o+T A 

PHC. 5.   nepeflaTOMHasi xapaKTepucraica ycrpoftcTBa, H3o6p£DKeHHoro Ha pnc 
Fig. 5.   Transfer characteristics of the device shown in Fig. 4 
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Hajinqwe nOB B .aaHHOH cxeMe onpeaejis- 
eTCH cymecTBOBaHHeM flByx H 6ojiee 3HaneHHH 
Q0 ana KaKoro-jiH6o Q.. KaK BHOTO H3 pnc. 5 
jiHiiib ana ß/0 = Q; HMeeT MecTO 6HCTa6mibHOCTb, 
TaK KaK B 3TOM cjiyqae TOHKH 2 H 4 Ha puc. 5 
COOTBeTCTByiOT flByM pa3JIH4HbIM yraaM Q0 npH 
OflHOM H TOM >Ke 3HaieHHH  ß,- 

A HajiHHue jiHiub no oaHOMy 3HaqeHHK> Q0 

(TOHKH  1  H 3) CBHfleTeJIbCTByeT 06 OTCyTCTBHH 
6HCTa6HjibHocTH ana 3Tnx cjiyqaeB. 

TaKHM o6pa30M, aBTopbi [3] noKa3anH, HTO 

B03MOXHO co3flaroie FIOB c Hcnojib30BaHneM 3<p- 
(beiera Oapaaea H aneicrpHHecKOH ooparaoH CBH3H. 

KpoMe yKa3aHHbix npnöopoB, B aoKiiaae 
npHBeaeHbi ycTpoHCTBa FIOE, pa3pa6oTaHHbie 
aBTOpOM C COTpyflHHKOM. B laCTHOCTH, paCCMOT- 
peHH cxeMbi TIOE c Hcnojib30BaHHeM MarHHT- 
HOH flH(J)paKUHOHHOM peineTKH H He-Ne Jia3epa 
c BHyTpnpe30HaTopHoft aneMKOM <Papaaea. B noc- 
nepMZM 3JieMeme B 3aBHCHMOcra OT BCJIOTHHM 

naaaiomeH Ha o6pa3eu MOIUHOCTH npoHcxoaHT 
nepeKJHOHeHHe cocroaHna nojiaproauHH c t+ Ha 
T
-
 H Hao6opoT. 

PaccMOTpeHHbie nOB aneMeHTM npH COOT- 

BeTCTByromeH onraMH3auHH Moryr Haft™ nprone- 
HeHHe KaK KOMnoHeHTbi oimiHecKHX KOMribwrepoB, 
CHcreM CB33H, onTOMecKHX nepeioiKMaTejieft H T.JX. 

The POB presence in the given circuit 
is determined by existence of two and 
more values of g0 for any Qr It is seen 
from Fig. 5 that the bistability occurs only 
for Qi0 = Qt, since the points 2 and 4 in 
Fig. 5 correspond to two different angles 
Q0 for the same ß(. value. 

The existence of one value of Q0 

(points 1 and 3) only testifies lack of the 
bistability. 

Thus, the authors [3] have shown that 
it is possible to design POB using the 
Faraday effect and the electric feedback. 

Besides the given devices, the POB 
devices developed by the author and his 
co-worker are considered in the presen- 
tation. In particular, there are analysed 
POB circuitry with the use of magnetic 
diffraction grating and He-Ne laser with 
an inside-resonator Faraday cell. The 
latter element provides polarization state 
switching, from x+ to T~ and vice versa, 
depending on the incident power. 

The POB elements above can be used 
(after corresponding optimization) as 
components of optical computers, commu- 
nication systems, optical switches, etc. 
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1. BBCueime 

Coo6mecTBO nojib30BaTejieft HacroTHbix flHa- 
na30HOB 3M BOJIH OT YHH RO BYOH 6bicTpo 
pacTei; aneicrpoMarHHTHbiH cneicrp Bee 6ojiee yn- 
jioTHflCTca B cooTBeTCTBHH c pacnpeaejieHiieM «H- 

ana30HOB,  npHBOa?I  K npflMOH  KOHCppOHTaUHH 
Meacoy aKTHBHbiM H naccHBHbiMH nojib30BaTejib- 
CKHMH rpynnaMH. AxTHBHaH nojtb30BaTejibCKafl 
rpynna BKnionaeT B ce6n HHnycrpHio Ha3eMHoft- 
KOCMHHeCKOH Mo6mibHOH Tejie-BHfleO KOMMVHH- 
KauHH, TeneHaBHranHio, BoopyxceHHbie CHJIH H 

COOßlUeCTBO aKTHBHOrO flHCTaHUHOHHOrO 30HflH- 
poBaHHfl, HHTepecbi KOTopwx Bee 6o;iee H Gojiee 
cranKMBaioTCfl Meacny CO6OH, rpe6ya CHKxeeHHH 
ypoBHH noiwex. B craTbe paccMarpHBaioTCH ara 
BaxHbie acneKTbi o6ecneqeHHH B03MoxHocreH 
Ha3eMHOfl-KOCMHHeCKOH MOÖKTCbHOH Tejie-BHfleo 
KOMMyHHKauHH H HaBHraiTHH, a Tax ace 3aaaH BO- 

eHHoro o630pa H MOHHTOpHHra n3MeHeHHH OK- 

pyxaromeft cpeflbi Ha 3eMJie, c B03flyxa H H3 KOC- 

Moca. 

2. <I>OH 

Coo6mecTBo nojib30BaTe;ieft nacTOTHbix m- 
ana30HOB 3MB OT YHH HO BYOH 6bicTpo pac- 
Ter; H ecmecmeeHHuu sjieKmpoMOZHumHuü cneump 
(NES) - oflHH H3 caiwbix OCHOBHMX pecypcoB - 
Bee 6ojiee yrmoTHHeTCH B COOTBCTCTBHH C pac- 
npeaejieHHeM flHana30HOB. 9TO npHBejio K npa- 

1. Introduction 

The user community of electromag- 
netic frequency bands within the ULF to 
FUV bands is rapidly increasing; and the 
electromagnetic spectrum is being over- 
taxed in providing required band allocations, 
resulting in direct confrontations between 
the active and the passive user groups. The 
active user group includes the entire terres- 
trial-space & mobile tele/video-communi- 
cations industry, tele-navigation, the military 
and active remote sensing communities, 
whose interests among themselves are 
colliding increasingly, requiring introduction 
of RFI reduction. An introduction to these 
highly important aspects of securing our 
capabilities in terrestrial space-tele/video- 
communications & navigation as well as 
in military surveillance and environmental 
stress change monitoring at ground, from 
air and space is given. 

2. Background 

The user community of the electro- 
magnetic frequency bands within the 
ULF-band to the FUV-band is rapidly 
increasing; and the natural electromagnetic 
spectrum (NES) - one of the most funda- 
mental Resources - is being overtaxed in 
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MOH KOH(ppOHTaHHH MeXfly aKTHBHblM H naccHB- 
HMMH nojib30BaiejiBCKHMH ipynnaMH. AKTHBHaa 
nojib30BaTejibCKaa rpynna BKJiKraeT B ce6a HH- 

ayCTpHK»  Ha3eMHOH-KOCMHHeCKOH   MOÖHJIbHOH 
Tejie-BHfleo KOMMyHHKauHH, TejieHaBHrauHio, 
oxBaTbiBaiomyio aMepHKaHCKyio GPS (rao6anb- 
Haa CHCTeMa onpeflejieHHa MecTonojioxeHHa), 
poccHHCKyio GLONASS (rjio6ajibHaa HaBHrauH- 
OHHaa cnyTHHKOBaa CHcreMa), H eBponeflcKyio 
GNSS (rao6ajibHaa HaBHrauHOHHaa cnyroHKO- 
Baa CHCTeMa), oSopoHHoe H flpyrae coo6mecTBa 
aKTHBHOrO  flHCTaHUHOHHOrO  30HflHpOBaHHa, 
HHTepecbi KOTopbix Bee 6ojiee craflKHBaiOTca c 
POCTOM lacTOTbi, nocKojibKy HMeiomHeca nac- 
TOTHbie flHana30Hbi yxe HeflocraTOHHbi pjw yuoB- 
jieTBopeHHa Bcex noTpe6HOcreH. Hnrepecbi nac- 
CHBHoro noflb30BaTejibCKoro HanpaBjieHHa, 
oxBaTbmaiomero aapoHOMHio, paflHoacrpoHo- 
MHK>,  naCCHBHOe 30HflHpOBaHHe  B SjIHXHeH  H 
aajibHeft 30He, Tax ace BCTynaioT B KOH(PJIHKT, 

nocKOJibKy paflHoacTpOHOMHa H no 6ojibinoH 
nacTH aapoHOMMa HanpasneHa BOBHC - K ruia- 
HeraM H ranaKTHKe, Toma Kax 6opTOBbie H cnyr- 
HHKOBbie MHoropexHMHbie CHCTCMM naccHBHoro 
H  aKTHBHOrO flHCTaHUHOHHOrO  30HflHpOBaHHa 
HanpaMeHbi BepTHKanbHO BHH3 - Ha 3eMJiio, 
HTO TaiOKe npHBHOCHT nOMeXH aKTHBHblM nOJIb30- 
BaTe^bCKHM rpynnaM. KpOMe TOTO, 6bicTpaa SK- 

cnaHcna CHCTCM MoßHJibHOH CBa3H (OT y3Kono- 
JIOCHHX no Cllin) co3flaeT xaoc H 3aroHaeT Hac 
B HeH36exHbiß TynHK. IIosTOMy Heo6xo/iHMO He- 
McuneHHO HanaTb peuieHHe npoöJieM pacnpeae- 
jieHHa nacTOT H qacroTHMX flnana30HOB (c yqe- 
TOM TaKHX COBpeMeHHblX nepeflOBHX HHCDpOBHX 
MeTOfloB Kax undjipoBoe (J)opMHpoBaHHe jiyna 
aHTeHHbi, uncppoBoe KOflHpoBaHwe H Koppejia- 
HHa), H yMeHbiueHHa noMex npn HHdppoBOM Be- 
maHHH. XoTa no Hacroawero BpeMeHH ncnojib- 
30BaHHe a^eKTpoMarHHTHoro cneicrpa npn 
flHCTaHUHOHHOM 30HÄHpOBaHHH 6bUIO 3K0H0MH- 
HeCKH  aÖCOJIlOTHO He3CH3Hecn0C06H0 H MCOKCT 
ocraBaTbca HeBbiroaHbiM npeflnpHaraeM, MM ipe- 
6yeM, HTO6H 6bm npHHaT coBepuieHHO HOBMH 

noflxofl. 3TO MODIO 6M 03Haqarb flonojiHwrejibHMH 
Hanor np« Hcnojib30BaHHH NES KOMMepnecKH- 
MH nojib30BaTe;iaMH, HTO6M o6cjryxHBaTb H HC- 

nojib30BaTb flnana30Hbi Ana naccHBHoro H aKTHB- 
HOrO  flHCTaHHHOHHOTO   30HflHpOBaHHa;   3TO 
HVXHO CHHTaTb onpaBflaHHOH Mepoft, ecjin MM 

XOTHM HenpepwBHO H B nojiHOM MacuiTa6e KOH- 

Tpo^HpoBaTb 3flopoBbe njiaHeTM 3eMJia; H flaxe 
«coepeMeHHbiü meneKOMMymKauyoHHUu KOMnnenc» 
He CMCoceT OTpnuaTb 3Toro. MM, HJieHbi coo6- 
meCTBa flHCTaHUHOHHOrO 30HflHpOBaHHa flOJIX- 

providing the required frequency band 
allocations. This has lead to direct 
confrontations between the active and the 
passive user groups. The active user group 
includes the entire terrestrial-space & 
mobile tele/video-communications 
industry, tele-navigation including the US 
GPS (Global Positioning System), the RF 
GLONASS (GLObal NAvigation Satellite 
System), and the EU GNSS (Global 
Navigation Satellite System), the defense 
and other active remote sensing commu- 
nities, whose interests among themselves 
are colliding with increasing frequency 
because the available spectral bands are 
not sufficient for satisfying all needs. The 
passive user group consisting of aeronomy, 
radio-astronomy and of passive near-field 
sounding & far-field remote sensing are 
also colliding because radio-astronomy 
and in great parts aeronomy are directed 
outward toward the planetary and galactic 
space, whereas airborne and shuttle/satellite 
multi-modal passive and active remote 
sensing is looking down close-to-nadir 
on the terrestrial covers, which tends to 
add to the interference by the active user 
groups. Furthermore, the rapid increase of 
expanding narrow-band to ultra-wide- 
band mobile communication is creating 
havoc and an unavoidable impasse. There- 
fore, the entire issue of frequency allocation 
and radio spectral-band sharing coupled 
with modem advanced digital techniques, 
such as digital antenna bean forming, digital 
coding and correlation plus digital radio 
frequency interference reduction must be 
re-addressed totally. Although hitherto 
remote sensing utilization of the electro- 
magnetic spectrum was absolutely not an 
economically viable and may remain less 
profitable venture; we request that an 
entirely new approach be adopted. This 
could mean to levy a surcharge for the 
use of NES from the commercial users 
for maintaining and operating the passive 
and active remote sensing and monitoring 
bands, which must be considered a justified 
measure in order to be able to monitor 
on a permanent un-interrupted time-scale 
the health of planet Earth; and even the 
"Modem Telecommunications Complex" 
cannot deny that it relies on it. We, the 
passive & active remote sensing community, 
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HM npHHflTb Ha ce6a npotpeccHOHaubHbiH CTa- 
Tyc, noflpa3yMeBaioinHH flejrrejibHocTb B Kaqe- 
CTBe «namojiozoe u paduo/ioeoe npmeMHOü oicpy- 
otcaiomeü cpedu», H BHHMaTejibHo cjieflHTb 3a 
HenpaBHJibHbiM Hcno^b30BaHHeM «ecTecTBeHHO- 
ro ajieicrpoManiHTHoro cnexrpa (NES)», KOTO- 

pWH HyjKHO fleHCTBHTejlbHO paccMaTpraaTb Kax 
OflHO H3 CaMHX 6oJIbUJHX «CBflmeHHMX COKpOBHIU 
H pecypcoB iuianeTbi 3eMJW». OflHaKo, 3arpa3He- 
HHe cpezud pacnpocrpaHeHHH «NES» He HanneT- 
cfl Heo6paTHMHM; ceroflHH eme MCOKHO npeanpH- 
HflTb Mepbl K TOMy, WOÖbl nCÜIHOCTMO H3MeHHTb 
TCHfleHUHio, 6onee 3<JXPSKTHBHO Hcnojib3y» cneicrp, 
onHpaacb Ha nporpecc B UHcppoBbix KOMMyHHKaini- 
HX H HOBbie MeroÄbi CHHxeHHfl PH noMex. 

3. CneKTpajibHHH (poiiOBbiü uiyM B 

OCHOBHMX HaCTOTHblX ,nnaiia30Hax 
ecTecTBeHHOH ajieKTpoMarHHTuoü cpeflbi, 
a TaKxe HCTOMHHKH HCKVccTBeiraoro 
iuyiua H noMex 

IlocKCfflbKy ypoßeHb 3M myina UHBHJiH3auHH 
B03pacTaeT TpeBOXHMMH TeMnaMH BO BCCM MH- 

pe,   BaXHO  BOCCTaHOBHTb  HaCTOTH03aBHCHMbie 
xapaicrepHCTHKH ecTecTBeHHoti 3M inyMOBofi 
cpeflbi, etue ne eo3MymeHHOÜ uueunmaufieü, BO 

BceM cneicrpe c MaxcHMaubHO BO3MOJKHOH TOH- 

HocTbK). IlonHbrä 3JieKTpoMarHHTHbiH cneKTp, 
BioiKMaH ero ecrecTBeHHbiH cpoHOBbiH uiyM H 

noBeaeHHe pe30HaHCOB (CO6CTBCHHWX nacTOT), 
HyjKHO coxpaHSJTb KaK He3aMeHHMbiH «(pyipaMen- 
TaJibiibiH npHpoÄHWM pecypc», KOTOPHM flOjraceH 
6biTb 3amnmeH OT BpeflHoro aHTponoreHHoro 
uiyMa H flpyroro HenpaBHJibHoro Hcnojib30Ba- 
HHH. MOXHO cKa3aTb, HTO He cymecTByeT Ka- 
Koro-JiH6o oflHoro ßHana30Ha, B KOTOPOM Te 
HJIH flpyrae npHpoflHbie reo(pH3HiecKHe üBJIC- 

HHH, KacaiOIUHeCH 3eMHbIX nOKpOBOB, He 06- 
JiaflaJIH 6bl HBHO CBH3aHHHMH SJieKTpOMarHHT- 
HHMH pe30HaHCaMH HaCTOJIbKO Xe CJia6bIMH, 
HaCKOJIbKO Xe BaXHMMH Wfl MOHHTOpHHra 3flO- 
poBbH njiaHeTbi 3eMJia. HTO6H oueHMTb BJIHH- 

HHe B03pacTaioiuero uiyMa H noMex Ha npoHB- 
jieHHfl ecTecTBeHHoß HeB03MymeHHoft cpeflbi 
pacnpocTpaHeHHH H flHCTaHUHOHHoro 30Hzmpo- 
BaHHH, BaxcHO onpefleJiHTb cpeflHHe H MaKCHManb- 
Hbie xapaicrepHCTHKH ecTecTBeHHoro cneKrpa BO 

BceM nacTOTHOM ,wana30He, nocKOJibicy JIIO6OH 

HacroTHbiH flHana30H MoxeT 6biTb BCKope Hcnojib- 
30BaH B UeJIHX paciimpHioimixca nOTpe6HOCTeH 
HeJioBeKa B o6jiacTH CBH3H. EloaTOMy, cHa^arca 
onpeflejTfliOTCH ocHOBHbie cneKTpajibHbie o6jia- 

we must consider ourselves to be therefore 
given the astute Professional Status with 
the innate responsibility of functioning 
as the "Pathologists and Radiologists of 
the Terrestrial and also Planetary Environ- 
ments", and be entrusted to keep a watchful 
eye on the misuse of the "Natural Electro- 
magnetic Spectrum (NES)", which is 
indeed to be sanctified as one of the most 
"sacred treasures and resources of Planet 
Earth". However, propagation space 
pollution of "NES" is not irreversible; and 
still today measures can be taken to reverse 
the trend by implementing more efficient 
spectrum utilization based on advances in 
digital communications and novel RF 
interference reduction techniques. 

3. Spectral Background Noise of 
Major Frequency Bands of the 
Natural Electromagnetic 
Environment, and its Man-Made 
Noise and Interference Sources 

As the electromagnetic noise levels of 
civilization are increasing worldwide at 
an alarming pace, it is essential to recover 
the frequency-dependent characteristics of 
the natural electromagnetic noise environ- 
ment - unperturbed by civilization — across 
its entire spectrum and as accurate as it 
still can be done. The entire electromagnetic 
spectrum inclusive its natural background 
noise and resonance (eigen-frequencies) 
behavior must be treasured as an irre- 
placeable "fundamental natural resource" 
that must be protected from erroneous 
anthropogenic noise and other blatant 
misuse. It is safe to state that there does 
not exist a single spectral-band within 
which one or the other natural geo- 
physical phenomena within the terrestrial 
covers do not possess explicitly associated 
electromagnetic resonances as weak as 
those might be but essential they are for 
monitoring the health of planet Earth. In 
order to assess the deteriorating noise 
and RF interference on the effects on 
the natural unperturbed propagation 
space and remote sensing, it is essential 
to establish the average and peak natural 
spectral characteristics across the entire 
finite EM spectrum; because every pos- 
sible frequency band will soon be utilized 
for satisfying man's ever expanding com- 
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era 3M cneicrpa COBMCCTHO C xapaKTepucra- 
KaMH cymecTByiomero cpeflHero ecrecTBeHHo- 
ro 4>oHOBoro myMa B ,zrnana30Hax OT YHH/HH 
flo HK/BCH/YO, Hcnojib3yeMbix B coBpeMeH- 
HHX TeXHOJIOrHHX flJIH ÄHCTaHUHOHHOrO 30HflH- 
poBaHHa OKpyscaiomeH cpeubi, ana nepe^aHH 
HH(J)opMauHH H HaBHrauHH, B uejiax BoeHHoro 
H rpaxaaHCKoro Ha6jiiofleHHH. XapaicrepHbie 
CBOHCTBa cneKTpa aHajiH3HpyiOTCH no oTflejib- 
HOCTH, nocjie Hero dpopMHpyioTCH ycpcmieHHbie 
Ta6jiHUbi H rpa<pHKH dpoHOBoro myMa; onpe^e- 
JIHIOTCH OCHOBHbie HCTOMHHKH HCKyCCTBeHHOrO 
myMa H noMex, HJIH Toro, HTO6H ouemn-b KpH- 
TepHH, Heo6xoflHMbie flna npaKTHHecKoro H BM- 

roflHoro Hcnojib30BaHHH 3M OKpyacaiomeH cpe- 
flbi. B 6mcKaHiueM 6ynymeM Heo6xoflHMO GyzieT 
onpeflejinTb TOT Kpyr nojib30BaTeneH, KOTOpbiM 
HOJDKHO 6biTb 3anpemeH0 Hcnojib30BaTb OTKPH- 

TbiH 3<pHp, a npeflJioxeHO nojib30BaTbca Tojib- 
KO KOHTHHeHTaJlbHOH H TpaHCKOHTHHeHTajIb- 
HOH OOTOBOJIOKOHHOH CCTbK), KOTOpafl He C03flaeT 
noMex, o6jiaflaeT orpoMHOH nojiocoft nponycKa- 
HHH, ycTpaHHeT HeKOHipoJiHpyeMoe 3arpH3He- 
HMe oTKpbiTofi cpeßbi pacnpocTpaHeHHH 3M 
BOJIH, HO Bee eme HeflocraToiHO Hcnojib3yeTCH. 

a) 3neKTpoMaraHTHwe cncicrpw B oiiana30Hax 
rHH/YHH/HH: OT 105 no 10+5 Tu 

HaCTOTHaH 3aBHCHMOCTb ycpeflHeHHbix 
cneKTpajibHbix xapaierepHCTHK B LUHPOKOM ,znia- 
na30He ecrecTBeHHoro 3M H3jryneHHH SMHCCHH 

3eMHbix noKpoBOB H noBepxHocTH H3yneHa HCZIO- 

CTaTOHHO, B oco6eHHocTH ee 6ojiee HH naen. 
cneicrpa. Ee onpeaejieHHe CTaHOBHTca Bee SoJiee 
6e3HaaexHbiM c pocroM HHBHJiH3airnH, ecjin MX 
3Toro He 6yayT BbmeneHbi H caHKUHOHHpoBa- 
Hbi OOH «30HM (yiacTKH) ajieiopoMarHHTHoro 
MOJIHaHHH» KaK O&beKTbl MHpoBoro npHpoAHO- 
ro uacjieAHx'. CneuHaracTbi B o6jiacTH aapoHo- 
MHH HaiHJIH H HfleHTH(pHnHpOBajIH HeCKOJIbKO 
H30jrapoBaHHbix «3/ieicmpoMaeHumHO muxuxyw- 
cmKoe» ana onpefle^eHHH ycpe/meiiHoro a»m- 
jiHTyoHoro cneKTpa H cneicrpa MOIUHOCTH', B na- 
CTHOCTH Ann rHH/YHH/HH aHana30HOB. TOH- 

HO Tax ace oflHofi H3 ocHOBHbix ueJieH B 
paziHoacTpoHOMHH HBJiaeTCH onpeaeiieHHe 'ne- 
eomymeHHbix paduo-cuenamyp', ao TOTO, KaK co- 
BpeMeHHaa iiHBmiH3auHa HajioxHT Ha HHX CBOH 

OTnenaTOK. 

munication needs. Therefore, first an 
identification of the major spectral regions 
of the electromagnetic spectrum is provided 
together with the currently established 
average natural background noise charac- 
teristics from the ULF/ELFto the IR/OFT/ 
UV frequency bands utilized by modem 
technology for remote sensing the natural 
environment, for information transfer and 
navigation, and for defense and civil survei- 
llance. Its characteristic properties are 
analyzed separately providing currently 
approved averaged background noise tables 
and graphs; and major sources of man- 
made noise and interference are identified 
in order to be able to assess the perfor- 
mance criteria for the truly necessary and 
beneficial uses of the electromagnetic 
environment. In the near future, we need 
to scrutinize those users that should be 
excluded from free propagation-space 
operations, and that can be relegated to 
the exclusive utilization of the continental 
and trans-continental non-interfering 
optic-fiber network, which possesses exces- 
sive bandwidth, is still highly under-utilized, 
and eliminates unwarranted pollution of 
the open propagation environment. 

a) Electromagnetic Background Spectra 
within GLF/ULF/ELF Bands: 105 to 
10« Hz 

The frequency-dependence of the 
averaged spectral characteristics over a wide 
frequency band of natural electromagnetic 
emissions within the Earth's covers and its 
surface are not well known — especially 
not toward the lower end of the spectrum. 
Its determination becomes ever more 
hopeless with an increasing civilization 
unless isolated "electromagnetic quiet zones 
(sites)" are being identified and are being 
sanctioned as such to becoming permanent 
World Natural Heritage Electromagnetic 
Ground-truthing Quiet Sites' by the United 
Nations. Aeronomists have sought for and 
identified a few isolated "electromagnetically 
quiet sites" for establishing the 'Average 
Amplitude/Power-Spectra', especially for 
the ULF/ELF/VLF spectral bands. 
Similarly, one of radio astronomy's prime 
goals is to determine the 'virgin radio 
signatures' before modem civilization was 
perturbing it. 
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b) EcTecTBeHHwe 3M xapaKTepHCTHKH B 

cneKxpajibHOM ÄHana30He OT YHH no 
HH/CH/BH 
Cojme'iHbie H Ha3eMHwe HCTOHHHKH: OCHOB- 

HOH HCT04HHK eCTeCTBeHHOTO 3M dpOHOBOTO 
HiyMa BH3BaH HaBefleHHMMH COJIHUeM TOKaMH 
B 3eMJie H B HOHOcebepe, KOTopbie 3HaHHTejib- 
HO OTJWqaiOTCH OT TOHKM K TOHKe, H CHJIbHO 
3aBHCHT OT aKTHBHOCTH COJIHeMHMX n$rreH. Cy- 
mecTByeT HecKOJibKo Ha3eMHbix H cnyrHHKOBbix 
CHCTeM, o6ecnennBaiomHX HaaeacHbie noqaco- 
Bbie H exeÄHeBHbie H3o6paxeHHH cojmeqHbix 
nJiTCH, a Taoce HX nporao3bi, KOTopbie o6cjiy- 
acHBaiOTCfl NOAA; BCH HHcbopMau™ ÄOCTynHa 
B HH(J)OpMaUHOHHOM UCHTpe COJIHeHHOH H npH- 
3eMHOH 4)H3MKH (NOAA) B EoyjiÄepe. 
TjiyÖHHHoe 30iwHpoBaiiHC H GPR: B 3THX cneKT- 
panbHbix o6jiacxax 3eMHaa Kopa H ee reojiora- 
necKHe CJIOH xapaKTepH3yK)TCH qeTKHM pe30- 
HaHCHMM noBeaeHHeM, TO >Ke caiwoe OTHOCHTCH 

K nJlOTHOM TponH^eCKOH paCTHTWlbHOCTH B Bep- 
xueft iacTH flHana30Ha BT 
CHCTCMW noflnoBepxHOCTHoro 3onaHpoBaHHH 
(GPR) ncnojtb3yeTCH yqeHMMH H npararaKaMH 
juifl HccnefloBaHHH npHnoBepxHocTHoro CJIOH 

3cMjm H HCKyccraeHHbix crpyicryp. GPR HMeer Han- 
jryqmee pa3pemeHHe KaK reo<pM3HHecKHH HHcrpy- 
MeHT Hepa3pyuiaiomero noanoBepxHocTHoro HC- 

cJieÄOBaHHfl. Kpoiwe Toro, STOT Mere« - QHHH H3 
oMeHb HeMHorax reodwoHqecKHX MCTOäOB, cnoco6- 
Hbix K oÖHapyxeHHio TaKHX HeMeTajuiHHecKHX 
OÖbeKTOB H flH3JieKTpHHeCKHX KOHTpaCTOB,   KaK 
opraHHMecKoe xHMHHecKoe 3arpH3HeHHe, rumcra- 
KOBbie MHHH, roiacTMaccoBbie ra30Bbie Tpy6 H on- 
TOBOJIOKOHHbie Ka6e^H. Jlflfi 3<p<})eKTHBHOrO npo- 
HHKHOBeHHH B 3eMJlK> GPR CHCTCMH paÖOTaiOT B 
ßHana30He OT flecjnxoB Merarepu flo HecKOJibKHX 
rararepu, OiwaKO BbicoKoe pa3peiueHHe Tpeöyer 
iiiHpoKOH nonocbi nponycKäHHa, Koropyro jienie 
peajiH30BaTb Ha 6ojiee BHCOKHX Hacrorax. ßjia floc- 
TUHceHHH KOMnpoMHCca GPR cHcreMbi pa3pa6a- 
TbiBaiOTca TaKHM o6pa30M, qTo6w paöoTaTb B 

paanHHHbix flHana30Hax, cocpeflOTOHeHHbix OT 10 
Min ÄO 3 rru, Koma oTHOCHTenbHafl nojioca npo- 
nycKaHHü B KUKHOM AHana30He npeBbiiuaeT 100%. 
npoHHKHOBemie cKB03b pacwrejiMiocTb H oneH- 
Ka ÖHOMaccbi njioTHbix TponHiecKHX aJKyHrjieii: 
fl/w oneHb iuioTHOH H CHJibHo npoBOflameft 
pacTHTejibHocTO, npoH3pacTaiomeft B Tponmec- 
KHX flxcyHraax, TpeöyeTCH aKTHBHoe flHCTaHUH- 
oHHoe 30HflHpoBaHHe Ha TaKHX ace HH3KHX nac- 
TOTax KaK BepxHHH MacTb BM H 6ojiee HH 
cneKTpajibHwe o6jiacra YKB, npn STOM AJIH 

b) Natural Electromagnetic Characteris- 
tics within the ULF to LF/MF/HF 
Spectral Region 

Solar-Terrestrial Sources: The major 
natural electromagnetic background noise 
emissions are generated by solar-induced 
currents in the ground as well as in the 
ionosphere, which differ widely from point 
to point, and are strongly dependent on 
sun-spot activity. There exist now several 
ground-based as well as satellite systems 
providing reliable hourly and daily sunspot 
images as well as prediction data, which 
are maintained by NOAA, and information 
is available at the NOAA Solar-Terrestrial 
Physics Information Center at Boulder. 
Deep-Sounding and GPR: The Earth's 
crust, and its geologic layers possess very 
distinct resonance behavior in these 
spectral regions, and so does dense tropical 
vegetation at the upper HF-Band. 

Ground Penetrating Radar (GPR) 
systems are used by scientists and practi- 
tioners to explore the shallow subsurface 
of the earth and probe into man-made 
structures. GPR has the highest resolution 
of any geophysical tool for non-invasive 
subsurface investigation. In addition, it is 
one of the very few geophysical methods 
capable of detecting non-metallic objects 
and dielectric contrasts, such as organic 
chemical contamination, plastic land 
mines,plastic gas pipes and fiber optic 
cables. To penetrate the ground effectively, 
GPR operates within a frequency range 
from tens of Mega-Hertz to several Giga- 
Hertz. However, high resolution requires 
a broad bandwidth, which is easier to 
achieve at higher frequencies. In 
addressing this compromise, GPR systems 
are designed to operate across many 
different frequency bands centered from 
10 MHz to 3 GHz, with each band having 
a fractional bandwidth exceeding 100%. 
Vegetation Penetration and Biomass 
Estimation in Dense Tropical Jungle 
Forests: Very dense and highly conductive 
vegetation which resides within dense 
tropical jungles require active remote 
sensing at frequencies as low as the upper 
HF and the lower VHF spectral domains, 
and there does exist the realistic demand 
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3T0H uejiH He cymecrayeT peajibHoro cnpoca Ha 
cooTBercTByroiime HacTOTHbie,zrHana30Hbi B pexH- 
Me pa3flejierow BpeMeHH. IlpH onpeflejieHHtrx ocafl- 
KaX H COCTOHHHH paCTHTejlbHOCTH IUlOTHbie TpO- 
nHMecKHe jieca BejxyT ce6a KaK npoBOflmnne noTßbi, 
n03TOMy flJIfl flHCTaHUHOHHOrO 30HHHpOBaHHH c 
Hcnojib30BaHneM SAR Heo6xonHMo pa3pa6oTaTb, 
no KpaHHeii Mepe 6opTOBbie, POL-SAR CHCTCMM 

Hanoflo6ne CARABAS, pa6oTaiomeH B ,ZDiana3o- 
He OT (800 KIU) 1 Mru no 100 MIH (200 Mru) 
(3flecb cjie^yeT OTMeraTb xopomo BbinojiHeHHbiH 
BeGcaÜT, onHcbiBaiomHH CHcreMy CARABAS). 

c) EcTCCTBeirawe 3M xapaKTepncTHKH 3CMHOH 

nOBepXHOCTH H paCTHTejlbHOCTH B Anana30- 
nax OBH/YBH 
OCHOBHHMH  HCTOHHHKaMH   eCTeCTBeHHOTO 

9M (poHOBoro myMa ABJIHIOTCH HOHOccpepHbie 
HCTOHHHKH; Tax npH pacnpocTpaHeHHH iepe3 
HOHOccbepy npoHcxo/WT H3MeHeHHe nojiapH3a- 
HHH H3-3a OapafleeBCKoro BpameHHH H yrnnpe- 
HHe cneicrpajibHbix nojioc, KOTopbie Moryr no- 
MeuiaTb KaK naccHBHOMy, TaK H aKTHBHOMy 
HHCTaHUHOHHOMy 30HflHpOBaHHK) B 3aBHCHMOC- 
TH OT IHHpOTbl, flOJITOTbl H BHCOTbl. B ,zniana30Hax 
OBH/YBH 3eMHaa noBepxHOCTb c noHBeHHbiMH 
H CKaJIbHMMH CJIOHMH, paCTHTeJIbHOCTbK), BOfl- 
HHM (cHexHbiM, jieflOBHM) noKpbiraeM oGjia- 
aaeT HeKOTopbiMH OCOSMMH xapaKTepHCTH4ec- 
KHMH pe30HaHcaMH ana onpeaejieHHH 6HOMaccbi 
H pacTHTejibHoro noxpoBa, a TaioKe onncaHHH 
napaMeTpoB noHBbi. ECJIH B nojiapHbix H cy6no- 
jiapHbix apKTHnecKHX H KBKHHX o6jiacTax 6ojiee 
BbicoKHe K/X/(C)-aHana30Hbi Moryr nneajibHO 
noflXoflHTb ana onpeaejieHHH JieaoBoro (cHeac- 
Horo, pacTHTejibHoro) noKpoBa c noMoiubio 
6opTOBOM   (cnyTHHKOBOH)   SAR,   TO   6jlH)Ke   K 
SKBaTopHajibHOMy noacy c njiOTHoft pacTHTeJib- 
HocTbK) noTpeöyiOTca flHana30Hbi c nacroTaMH 
Hirace KpHTHHecKofl. HanpHMep, B nonce yMe- 
peHHHX llIHpOT OnTHMajlbHblMH MOTyT 6bITb C/ 
S/L-flnana30Hbi; a ana SKBaTopnajibHoro noaca 
HfleajibHO noflxoÄHT L/P/OBH/BH-aHana30Hbi. 
OflHaKO, ana flaT^HKOB H ycTpoflcTB OToGpa- 
xeHHH cnyTHHKOBbix SAR HyacHa 6ojibinaa oc- 
TopoxHocTb npn KoppeKUHH OapaaeeBCKoro 
BpameHHH H yuiHpeHHH cneKTpa B L-aHana30- 
He H HHxe; B STOM oTHorueHHH 6bm aocrarHyT 
SojibiuoH nporpecc. OcHOBHbie HCTOHHHKH no- 
Mex wx naccHBHbix paawoMeTpHHecKHX, a TaK 
Xe aKTHBHblX SAR aaTHHKOB H CHCTeM OTOÖpa- 
XeHHH HaXOflHTCH B flHana30HaX CHCTeM CBH3H, 
TpaHcnopTHbix H HaBHrauHOHHbix (GPS), BO- 

eHHHX CHCTeM H CHCTeM 6e30naCHOCTH. OCHOB- 

for making available pertinent frequency 
bands on a time-sharing basis for this pur- 
pose. Under certain precipitation and 
vegetation conditions, dense tropical jingle 
forests behave close to conducting soils, 
and for SAR remote sensing, we need to 
develop - at least - airborne POL-SAR 
Imaging and Sounding systems, similar to 
CARABAS, operating within (800 kHz) 1 
Mhz to 100 MHz (200 MHz); and we refer 
here, for example, to the well-done web site 
prepared for the CARABAS system. 

c) Natural Electromagnetic Terrestrial 
Surface & Vegetative Characteristics 
within VHF/UHF Bands 

The major contributors to the natural 
electromagnetic background noise are 
ionospheric sources and especially 
propagation through the ionosphere 
becomes polarization-dependent resulting 
in the Faraday polarization state rotation 
and spectral band widening effects, which 
can impair both passive and active 
remote sensing severely depending on the 
magnetic latitude and longitude plus 
altitude. Within the VHF/UHF Bands the 
terrestrial surface with its soil/rock layers, 
vegetation and water/snow/ice covers 
possess some of its most distinct charac- 
teristic resonances for biomass deter- 
mination and vegetation cover plus soil- 
parameter description.Whereas at polar 
and sub-polar boreal and austral regions 
the higher K/X/(C)-Band spectral bands 
may be ideally suited for ice/snow/ 
vegetation cover determination using 
air/space-borne SAR, the closer one is 
monitoring toward the equatorial 
densely vegetated tropical belt, the lower 
the critical frequency bands become. 

For example, at the temperate mid- 
latitude belts the C/S/L-Bands maybe 
optimal; and in the equatorial belt the 
L/P/VHF/HF-Bands are ideally required. 
However, for space-borne SAR sensors 
and imagers, great care must be taken in 
correcting for Faraday-Rotation & 
Spectrum-Spreading effects at the L- 
Band and below; and very decisive 
progress was made in this respect. The 
major sources of interference for both 
the passive radiometric as well as active 
SAR sensors and imaging systems are 
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Hbie 4>H3HHeCKHe 3aK0HbI npHpOflbl flHKTyiOT H 
nojiHOCTbio noflflep>KHBaK)T 3TOT noflxofl; H He- 
3aBHCHMO OT H3BeCTHbIX H HOBblX MeTOflOB CHHXe- 
HH3 PM noMex, MH, menu coo6utßcmea naccuenozo 
u aKtnuenozo ducmaHu.u0HH0zo 30Hdupoeamin, flon- 
acHM pa6oTaTb B HanpaBjieHHH onraMioauHH na- 
CTOTHHX flHana30HOB. 

d) EcTecTBeHHbie 3M xapain-epHCTHKH CBH H 

MM-BOJIH 

B  3THX ÄHana30HaX  CJIOH   paCTHTeJIbHOCTO 
ÄeMOHCTpHpyiOT pe30HaHCHoe noBefleHHe; Ha- 
HHHaiOT nOflbMIHTbCfl pe30HaHCH, 06yCJI0BJieH- 
Hbie BOflHHHMH napaMH,  KOTOpbie CTaHOBHTCa 

Sojiee HBHHMH npH npH6jiH>KeHHH K HO cneK- 
TpajibHOH o6jiacTH. B STHX cneKTpanbHbix fliiana- 
30Hax ocHOBHbie ecTecTBeHHbie 9M 4>OHOBbie 
cwrHaTypbi onpeaeJiHiOTCH 3<b<peKTaMH Oapa- 
aeeBCKoro BpameHHH B Hanane aHana30Ha, a B 

Kornje ÄHana30Ha - pe30HaHcaMH arMocdpepHbix 

ra30B H OKHaMH 3aTyxaHHH. KaK H cjieaoBario 
oxHÄaTb, 3Ta cneKipajibHaa oGjiacTb 3M cneK- 
Tpa IUIOTHO ynaKOBaHa, oflHaKo ana MHorax 3a- 
flaq flHCTaHUHOHHOrO 30H,mTOOBaHHfl oKpyxaio- 
men cpeflbi Bee xe oneHb BancHO nojrvHHTb aocryn 
K paanHHHHM y3KHM H cBepxuiHpoKHM awana- 

30HHHM OKHaM. 

e) EcTecTBemioe norjiomemie H pe30HaHCHwe 
CHiwaTypu aTMoedjepHwx H Me30cdjepHbix 

oßojioieK 

B 3THX cneicrpanbHbix flHana30Hax arMoccpep- 
Hbie H Me3occpepHbie ra3bi, BKJiKraa BQUHHOM 

nap, fleMOHCTpnpyiOT xapaicrepHoe pe30HaHCHoe 
noBdieHHe, H onpeflejunor «EcrecTBeHHwe cmna- 
iypw 3M (poiia», KOTopbie 6e3ycnoBHO äOJDKHM 

oxpaHHTbca H 6biTb 3aummeHbi OT 3JioynoTpe6- 
JieHHH  TeJieKOMMyHHKaUHOHHWM  KOMnjieKCOM 
KaK (pHKCHpOBaHHHMH  H JIHUeH3HpOBaHHbIMH 

HHana30HaMH, no KpaHHen Mepe pjm CBJBH B npe- 

aejiax aTMOctpepbi K HOHoapepbi. 

f) HoHocdjepuue H MarHHTOCcpepHwe ecre- 
CTBeHHbie CHniaTypbi H adjipeKT cDapaaeeBC- 

Koro BpameHHH 

HoHoc(pepHbie H MarHHTOccpepHbie cboHO- 
Bbie xapaKTepncTHKM HMJHOTCH Han6onee cy- 

definitely the Communications, Trans- 
port/Navigation (GPS), the Defense & 
Security bands. The underlying physical 
laws of nature dictate and fully support 
this quest, and irrespective of various 
methods of available and near-future 
RFI reduction techniques, we - the 

passive & active remote sensing community 
— need to acquire our own permanently 
assigned and licensed bands. 

d) Natural Electromagnetic Microwave 
& Millimeter-wave Characteristics 

The vegetative layers display their 
most distinct resonance behavior in these 
spectral regions; and water vapor reso- 
nances begin to appear, which become 
more pronounced as one approaches the 
infra-red spectral domain. 

Within these spectral bands the major 
natural electromagnetic background 

signatures are defined by the Faraday- 
Rotation effects towards the lower end, 
and atmospheric gaseous resonances and 

attenuation windows toward the upper 
end. As is to be expected, this spectral 
region of the electromagnetic spectrum 
is also ram-packed, yet it is so very 
essential for a multitude of environmental 
remote sensing tasks that requests for 
opening up various narrow and also some 
ultra-wide band windows be made and 

realized. 

e) Natural Absorption and Resonance 
Signatures of the Atmospheric to 
Mesospheric Covers 

Within these spectral bands atmos- 
pheric to mesospheric gases including 
water vapor display their characteristic 
resonance behavior, and establish the 
"Natural Electromagnetic Background 

Signatures", which must definitely be 
treasured and protected from the blatant 
misuse of the telecommunications 

complex as designated and licensed bands 
at least for communication within the 
atmospheric to ionospheric covers. 

f) Ionospheric & Magnetospheric 
Natural Signatures and the Faraday- 

Rotation Effect 

Ionospheric and magnetospheric 
background characteristics are most 
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mecTBeHHHMH (paicropaMH npH npoeKTHpoBa- 
HHH pa3JIHHHHX naCCHBHHX H aKTHBHblX CHCTeM 
JIHCTaHUHOHHoro 30HflnpoBaHHH, a TaioKe 6op- 
TOBblX  CHCTeM   MOHHTOpHHra,   B  OCOÖeHHOCTH 
npn ncnojib30BaHHn B npHnojiJipHbix o6jiacrax. 
OCO6HM HHTepec OapaÄeeBCKHH stbcbeicr npefl- 
CTaBJiaeT turn CHCTCM cnyrHHKOBbix CBH3H, 06- 
3opa M flHCTaHUHOHHoro 30HflHpoBaHHa (nac- 
CHBHblX H  aKTHBHHX),   npH   3T0M   npOBOflHTCH 
HHTeHCHBHbie HCC^eflOBaHHH no yMeHbiueHHio 
ero BJIH3HHH Ha op6HTajibHbie cnyTHHKOBbie 
CBM ceHcopbi. 

4. TexHHiecKHe cpeacTBa ana yMeHbiuemiH 
paaHOiacTOTHbix noiwex 

Jlfln noflaBJieHHH PH noiwex B pa3JiH4Hbix jw- 
ana30Hax 6MJIH pa3pa6oTaHH cooTBeTCTByiomne 
anropiiTMbi; B HacToamee BpeMH HX Tpe6yeTca 
oKOH^aTejibHO onTOMH3HpoBaTb. B npMHUHne, B 

3THX MCTOaaX HCnOJIb3yeTCH nOJWpHMeTpHHeCKHH 
MCTQH yrjia npnxofla, npHMeHHMbix KaK K nac- 
CHBHMM, TaK H aKTHBHHM flaTHHKaM. IIpH 3TOM 
TexHo^orHHecKHe acneKTbi HrpaiOT o^eHb Baac- 
Hyio pcmb H HMeiOT 6ojibiuoe 3HaqeHHe. HecMOTpa 
Ha TO, HTO MeTOÄbi noaaBJieHHH H yMeHbiueHHa 
PH noiwex &ra naccHBHbix CHCTCM flHcraHHHOH- 
Horo 30HflHpoBaHHH 6MJIH BnepBbie pa3pa6oTa- 
Hbi B paflHoacTpoHOMHH H YHH/HH aspoHO- 
MHH, coo6mecTBO OBC/YBH/KBH, CBH H MM 

BOJIH, Hcnojib3yiomee naccHBHbie MCTOAH 30H- 
JIHpOBaHHH, B HaCTOHIIiee BpeMH O^eHb 6bICTpO 
nporpeccHpyeT. Jljm CHCTCM aKTHBHoro 30H,HH- 

poBaHHH oneHb MHoroe SbiJio caeJiaH coo6me- 
CTBOM, 3aH3TbIM pa3pa60TK0H BOeHHHX PJ1C; 
3fleCb MOXHO OTMCTHTb H npOHHTHpOBaTb OCHOB- 
Hbie Mcroflbi yMeHbmeHHH PH noMex, B33THX 
H3 oTKpbrrofi JiHTepaTypbi. noaaarceHHe noMex H 

MeTOflbi CHHxeHHH PH 6e3onacHocTH paccMaT- 
pHBaiOTCH OTflejIbHO Ana OCHOBHblX ÄHana30HOB. 

5. BbiBOflbi: HeoßxoAHMOCTb nojmoü peopraHH- 
3auHH B BbwejieHHH H pacnpcaejienHH jmana- 
30HOB An» yMeHbmeHHH npoTHBopeiHii Mex- 
ny pacTymHM MHCJIOM nojib30BaTejiefi 

Heo6xoflHMO npeflnpHHHTb Bee ycHUHH, HTO- 

6w 3auiHTHTb «ecTecTBeHHbrii, HCTponyTbiH qe- 
jiOBeKOM 3M cneiap» B KanecTBe «npupodnozo 
coKpoeuwa», yoepenb ero KopbicTHoro ncnojib- 
30BaHHH MOK^yHapOflHblM KOMMyHHKaUHOHHHM 

essential factors in designing various 
passive and active remote sensing space- 
borne but also air-borne monitoring sys- 
tems, especially when operated in polar 
auroral regions. Of specific interest is the 
Faraday rotation effect to the operation 
of communication and remote sensing 
plus surveillance satellites - passive and 
active, and considerable studies are cur- 
rently being conducted on how to reduce 
the effect on orbiting satellite microwave 
sensor systems. 

4. Technical Means of Radio- 
Frequency Interference Signal 
Reduction 

Various spectral-band-dependent 
algorithms were developed for pertinent 
RF-Interference reduction, which require 
now to be optimized to their ultimate 
perfonnance levels. These techniques make 
use,in principle,of polarimetric angle of 
arrival techniques applicable to both 
Passive versus Active Sensor conside- 
rations. Although technological aspects 
play a very major role and are of para- 
mount importance. Whereas RFI reduction 
and mitigation techniques for passive 
remote sensing systems were first developed 
in radio astronomy and ULF/ELF 
aeronomy, the VHF/UHF/EHV, micro- 
wave & millimeter-wave passive remote 
sensing community is now catching up 
very fast. For active remote sensing, great 
progress was made by the defense radar 
community, and major RFI Reduction 
techniques, which reside within the open 
literature, deserve to be summarized and 
cited here. RFI reduction and RF 
Security Threat mitigation techniques 
are reviewed separately for the major 
spectral bands. 

5. Conclusions: Quest for Complete 
Reorganization of Frequency Band 
Allocation and Distribution for 
Reducing Colliding Demands of 
Increasing Number of Users 

Every effort must be made to gua- 
rantee that mankind is protecting the 
"Natural Unperturbed-by-man Electro- 
magnetic Spectrum" as a "Natural Trea- 
sure", which must be safeguarded against 
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KOMnjieKcoM. HTO6H ocymecTBHTb STO Tpe6o- 
BaHHe Heo6xoÄHMo onpeaejiHTb rpynny H3OJIH- 

poBaHHbix «ajieicmpoMaemmHO muxux 3on MU- 

poeoeo npupodnozo Haatedux», o6o3HaqeHHbix H 

jiHueH3HpoBaHHbix IOHECKO w 3auiHmaeMbix 
OOH. JlaccueuoMy u aKmueuoMy ducmanufton- 
HOMyzo 3ondupoeaHuio nyxcno npudantb HA- 
MHOW EOJIEE BMCOKHH IIPHOPHTET, 
HTo6bI HHKTO He MOr MOHOnOJIH3HpOBaTb OT- 
KpblTblH 3(})Hp; HeOÖXOÄHMO 3aCTaBHTb T&JieKOM- 
MyHHKauHOHHHH KOMnjieKC nonoTeTb H noy6a- 
BHTb HX yBepeHHOCTb OTHOCHTeJIbHO yBejinne- 
HHfl    HHCJia    BblÄeJIHeMblX    CneKTpaJlbHHX 
AHana30HOB pjm KOMMepnecKoro Hcnojib30Ba- 
HHfl, <J)aKTHHeCKH HyXHO pa3JlHHHHMH nyTflMH 
3acraBHTb HX y6aBHTb CBOK> 3-jieKTpoMarHHTHyio 
co6cTBeHHOCTb M cocpeflOTOMMTbCH Ha peajiH- 
3aUHH 3<J)<peKTHBHbIX UH(})pOBbIX MeTOflOB yMeHb- 
ineHua nojTocbi nporiycKaHHH. Coo6mecTBo nac- 
CHBHOrO H aKTHBHOrO ÄHCTaHUHOHHOrO 30HflH- 
pOBaHHH     ÄOJI3CHO     npHHHTb     Ha     ce6a 
npo(J)eccHOHajTbHbiH cTtnyc, noapa3yMeBaiomHft 
ÄeJiTejibHOCTb B KanecTBe naTOjioroB H pa^no- 
jioroB npH3eMHOH oKpyacaiomeH cpe^H, H HH- 

KaK He MeHbUie. HeoöxoflHMO öbicrpo pa3BHBaTb 
ycoBepmeHCTBOBaHHbie MeToaw CHHxeHHH PH 
noMex H3-3a B03pacTaHHH noTpeÖHoereH pac- 
uiHpHiomeMca uHBnnH3auHH. 3TO noflpa3yMeBa- 
eT BBeaeHHe cTaHflapTH3HpoBaHHbix MeroflOB KO- 

üHpoBaHHH CHraana H peacHMa pa3flejieHHa Bpe- 
MeHH    npH    HCnOJIb30BaHHH    HfleHTHHHblX 
aHana30HOB. B JIK)6OM cjiynae HaM HJOKHO nH(pop- 
MHpoBaTb uiHpoKyio o6mecTBeHHocTb o cepbe3- 
HOM nojiojKeHHH c 3arpji3HeHHeM ecrecTBeHHO- 
ro 3M cneicrpa, B OCOöCHHOCTH STO OTHOCHTCH 

K HailIHM 06pa30BaTeJIbHMM CHCTeMaM OT K12 
flO ypOBHH flOKTOpaHTa - BKJIIOHaH Bce o coKpa- 
meHHH Hexe^arejibHoro <o(J)HpHoro Mycopa»! 
«MeamyHapoflHoe cooömecTBO flHcraHUHOHHo- 

ro 3OH0HpOBaHHH» flOJDKHO  nOTpe60BaTb,  4T0- 
6M Ha KOMMepwcKHX noJib30BaTejiefi 6bui Ha- 
noxsH (cKaoKm, 10, 15%unueu^e6ojieeebicoKuü) 
nonojiHHTejibHbiH Hanor - HCKJiro^HTejibHo c 
UeJIbK) OXpaHW HHCTOTbl (HaCKOJIbKO 3TO <pM3H- 
qecKH Tpe6yeTC») «EdecTBeHHoro sjieicrpo- 
MarHHTHoro cneKTpa» nyreM co3,naHHH dpoHaoB 
pa3BHTHH COOTBeTCTByiOmHX «Ha3eMHbIX, KOC- 
MHMeCKHX CHCreM flaiMMKOB flHH ÄHCraHUHOHHOrO 
o63opa H MOHHTopHHra cpe^bi», BKJiiOHaa yn- 
peacneHHe «sjieiapoMarHHTHO THXHX 30H MHpo- 
Boro npHpoÄHoro HaraeflHH». /JpyraMH cjioßaMH, 
Heo6xoflHMO ycraHOBHTb cnpaBe^nHBoe pacnpe- 
aeneHHe AOXOäOB, nojiyqeHHbix OT Hcnojib30Ba- 
HHfl «NES», nofloÖHO c6opy nouuiHH Ha 6eH- 

the greedy misuse of the International 
Communication Complex. In order to 
fulfill this request, a finite set of isolated 
" World Heritage Natural Electromagnetic 
Quiet Sites" needs to be identified, so 
designate, licensed by UNESCO and 
protected by the UNITED NATIONS. 
Passive & Active Remote Sensing must 
be given MUCH HIGHER PRIORITY- 
anything not requiring the open propa- 
gation space must be removed; and the 
Telecommunications Complex must be 

forced to work hard in reducing their 
reliance on the increase of designated 

spectral bands for their commercial use, 
in fact must be enticed/forced to reduce 
their electromagnetic spectral real-estate 

by many factors with the focused imple- 

mentation of efficient digital techniques 
of spectral bandwidth reduction. The pas- 

sive & active Remote Sensing community 
must adopt the high professional stature 
of being the pathologists and radiologists 
of the terrestrial and also the planetary 
environment, and nothing less. Much 
improved RFI reduction and mitigation 
methods must rapidly be advanced because 
of the increasing needs of an expanding 
civilization. This implies introduction of 
standardized signal coding techniques 

and time-sharing for the use of identical 
spectral bands. In every respect general 
public ought to be educated about the 
serious state of pollution of the natural 
electromagnetic spectrum, and especially 
our educational systems K12 to Post- 
Doctoral levels - all inclusive - about 
reducing the undesirable propagation 
litter! The "International Remote Sensing 

Community" ought to request that the 
commercial users be levied with a - say 

10% to 15% or even higher surcharge - 
solely to be applied to safeguarding the 
purity - as far as is physically required - 
of the "Natural Electromagnetic Spect- 

rum" by providing funds for developing 
the pertinent "Remote Sensing & Moni- 
toring Ground-based, Air/Space-borne 
Sensor Systems", including the establish- 
ment of "World Natural Electromagnetic 

Quiet Sites". In other words there has to 
be a fair distribution of the revenues 
gained from using "NES', similar to 
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3HH, KOTopbie H/ryr Ha npoeKTHpoBaHHe, CTpOH- 
TejibCTBo H noaaepxaHHfl aBTocrpaß, H T.fl.; Hyx- 
HO, B KOHUe KOHUOB, BBeCTH Hajiora 3a Hcnojib- 
30BaHHe «HauHOHanbHMX H MexyryHapoflHbix HH- 
(popMamioHHbix Tpacc». 

6. BjiaroaapiiocTH 

ripHHomy CBOK) 6ojibinyio ÖJiaroaapHocTb 
npocpeccopy TepMaHy CepreeBimy IIIapbirHHy 
H3 TYCYPa 3a npunnauieHHe npeacTaBHTb STOT 
KpaTKHH 0630p Ha CHÖHpCKOM nOJIHpH3aUHOH- 
HOM ceMHHape B Cypryre Ha p. 06b B CH6HPH. 

levying toll-charges and gasoline tax for 
designing, building and maintaining clean 
motorways, etc.; there should be charges 
introduced for utilizing the "National and 
International Information Highways". 

6. Acknowledgments 

The Invitation by Professor German 
Sergeevich Sharygin of TUCSR for 
presenting this overview at the Siberian 
Polarization Workshop at Surgut on Ob 
in Siberia is gratefully acknowledged. 

55 



CßepxuiHpoKonojiocHaii 
pa^HonojiHpHMeTpHJi 

B.A. CapbweB, E.JI. BapcyKOBa 

OrKpbiToe aKUHOHepHoe o6mecTBo «Hayroo- 
npoH3BOÄCTBeHHoe npeflnpHarae «Panap MMC» 

197349, C-IleTep6ypr, HoBOcejibKOBCKaa 37 
E-mail: radar@radar-mms.com 

PaccMampueaiomai npuHu,unu mdenenun cucmeuu 
cuzHanoe, ßtammmiupü ceepxiuupoKonoAOCHue KOM- 
noHeHmbi, noAnpu3au,uoHHoü cmpyicmypoü. (Xcyxc- 
daemcR SAmeHnmaM 6a3a ceepxmupoKonoAOCHOÜ 
paduonoMpuMempuu 

Ultrawideband Radio 
Polarimetry 

V.A. Sarychev, E.L. Barsukova 

Public Corporation «SPF«Radar-MMS» 
Novoselkovskaja Str. 37, 197349, 

Saint-Petersburg 
E-mail: radar@radar-mms.com 

Principles of attributing the polarization 
structure to signals system involving ultra- 
wideband components are considered. The 
nomenclature of elements for ultrawide- 
band radio polarimetry is discussed 

B nocneflHHe roflbi pa3BHBaercfl noflXQa, Koma 
juo6aa coBOKyriHOCTb cHraanoB Hane.raeTCH no- 
;mpM3auM0HH0H crpyicrypofi, mxa ec/iH STH oir- 
Hanbi vum «lacTb HX pacnpocTpaHaercH no Han- 
paBnaioiuHM CTpyicrypaM (dpmiepaM). OCHOBHOH 

npH^HHoft jsm BCBHHKHOBeHHH yKa3aHH0H napa- 
AHrMM B paflHonojrapHMerpHH crajio noHBJiemie 
M aKTHBHoe Hcncuib30BaHHe cBepxniHpoKonojiocHbix 
(Cllin) CHTHanoB, npeame Bcero B 3JieKrpocBa3H 
H paiiHojioKauHH. OflHaKo Tyr xe ooHapyacroiocb, 
MTO TOM, rae npHMeHaiarcH CIUII-CHrHajibi, no- 
napwmwi nepecrajia conparaTbCH co MHoraMH 
TCXHOJioraHMH nepeflaMH cooömeHHH, Hcncwib3y- 
eMHMH npH BpeMeHHOM TDMA, nacroTHOM 
FDMA H KOflOBOM CDMA pa3Äe/ieHHH KaHanoB. 

Hame Bcero crapaiorcH BMecro TepMHHa CIIII1 
CHTHajI HCnOJlb30BaTb nOHHTHe CJTCCKHblH CHmajT. 
Taxaa no^MeHa, Boo6me roBopa, He AonycrnMa. 
Bonee Toro, Hcnojib3yeMbie ceroflHH Cllin CHT- 

Hajiu qame Bcero HBJIHIOTCH npocrbiMH. B TeopHH 
CHTHanOB CJIOJKHOCTb CBJUMBaeTCfl C HX 6a30H 

For the last years, an approach is 
developed when polarization structure is 
attributed to any signals set even if these 
signals, or their part, propagate in guid- 
ing structures (feeders). The main reason 
of such paradigm origin in radio pola- 
rimetry is appearance and active using 
the ultrawideband (UWB) signals, first 
of all in telecommunications and radar. 
However, it was immediately revealed 
that polarization did not more conjugate 
with many data transfer technologies 
(which use the UWB-signals) with time 
(TDMA), frequency (FDMA) and code 
(CDMA) channel division. 

More often, notion of compound sig- 
nal is used instead of the UWB signal. 
Generally speaking, such substitution is 
inadmissible. Moreover, the modem UWB 
signals are mostly simple. In signals 
theory, the complexity associated with 
their so called «base» value 

B = T(fH-fL), (1) 

rae T - flnHTenbHocTb cHmana; fH - Bbicmaa, a fL 

— HH3Uiaa 3HaMHMbie rapMOHHKH B cneicrpe aHa- 
jiH3HpyeMbix cHraanoB, oueHHBaeMbie o6bNHo Ha 
ypoBHe 0,5 HJIH -20 «B. ITpocTbie cwrHajibi yaoB- 
JieTBOpHIOT yCJlOBHK) B»l, B npOTHBHOM cflynae, 
npH B»l HMeiOTfleno co CJKBKHMMH cwraanaMH. 
C 3TOH TOHKH 3peHHH BCe COTHajIbl, flJIH KOTO- 
pux cnpaseÄnHBo cooTHoineHHe fH- fL

a 1/T, 
HBJIHIOTCH npOCTHMH. HßtSKC aejibTa-HMnyjibc c 
6ecKOHeMHO IIIHPOKHM HOCTOHHHUM cneicrpoM 

where T is signal duration; fH and fL are 
the higher and lowest significant harmonics 
in the analysed signal spectrum, estima- 
ted usually at 0,5 or -20 dB level. The simple 
signals satisfy the condition B»l, other- 
wise (when B»l) it is said about com- 
posite signals. From this point of view, all 
signals with fH - fL » 1/T are simple. Even 
delta-pulse with indefinitely wide constant 
spectrum should be also considered as 
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oieflyer cnmaTb xaxace npocrbiM. fljw npociwx cur- 
HajIOB, UIHpOKHH CneKTp KOTOpHX o6ycjioBJieH 
HX OHeHb MaJIOH flJIHTeJIbHOCTblO, o6bIHHO HC- 
nOJIb3yK)TTepMHH KOpOTKOHMnyjlbCHbie HJ1H PßXG 
CBepxKopoTKOHMnyjibcHbie (CKH) cHTHajibi. 

Una Cllin paflHoajieicrpoHHKH Hanoojiee 
BäJKHbiM HB^aeTCH cooTHeceHHe npHMeHaeMbix 
CHrHanoB c 3aHHMaeMoft HMH nojiocoft qacTOT. 
Mepoft uiHpoKono^ocHocTH CHrHanoB OIJOKHT 

oTHOCHTejibHM nojioca nacTOT, onpeAejweMaa 
KaK 

u=(fH-fL)/(fH+fL), 

simple. For simple signals with a wide 
spectrum caused by their very short 
duration, the term of short-pulse or even 
ultrashort-pulse (USP) signals is usually 
used. 

For UWB radioelectronics, the most 
important is correlation between used 
signals with the occupied band. The rela- 
tive frequency band is considered as a 
measure of signals broadbandness 

(2) 

Mepa (2) (popMHpyeT MHoacecTBO Bcex 3Ha- 
HeHHH napaMeTpa Ue[0, 1], Koropoe 3aHHMaeT 
npHBbratbifl AHana30H OT Hyjia ao eflHHHUbi. IIo 
HeMy MoaceT 6biTb BoccraHOBJieHa OTHOCHTejibHaa 
nojioca HacroT fL /fH cooTHouieHHeM (1 - U)/( l+U). 

BßHzry HeonpefleneHHocTH rpaHHii ana CJOK- 

fleHHH o uiHpoKono^ocHocra CHraajioB MHoace- 
CTBO U HBnaeTCH npHMepoM HeneTKoro MHOxe- 
CTBa, Ha KOTOpOM C nOMOUIbK) HeKOTopoft 
(pyHKUHH npHHaflnexHocTH m(U) onpeaejieHa 
JiHHrBHCTHHecKan nepeMeHHaa Z = tn(C7), xa- 
paicrepH3yiomaH cyxmeHHa o umpoKonojiocHO- 
CTH CHrHana. Mepa (2), a TaKxe cooTBeTcrayio- 
mue jiHHrBHCTHHecKHe nepeMeHHbie H (pyHKUHH 
npHHaÄJiexHocTH MoryT 6biTb ccpopMHpoBaHbi 
H fljia cHrHajioB c nojiapH3auHOHHOH cTpyicry- 
POH, npH TOH HJIH HHOH CHCTeMe 3aKOHOB He- 
HeTKofi JiorHKH, no3Bojiaiomyio y^ecTb eme H 

pasjiHHHH y no^apH3auHOHHbix KOMnoHeHT. Co- 
BOKynHOCTb CHraanoB, y KOTopoft Bee KOMno- 
HeHTW COOTHOCHTCa C OflHOH H TOH Xe JIHHrBH- 
cTHHecKoft nepeMeHHofi (xoTa Moryr HMerb 
pa3flMHbie Mepbi mnpoKonojiocHOCTH U., we 
i=l,...,n, HO yioiaÄbiBaioutHeca B HHTepBaji on- 
peaejieHHH flaHHoft nepeMeHHoft), Ha3breaeTca 
QHHOTHTIHOH. EcTeCTBeHHO, 4T0 UIHpOKOnOJIOC- 
HOCTb ozmoTHnHOH coBOKynHOCTH CHmanoB oue- 
HHBaeTca TeM ace cyacaeHHeM (jiHHrBHCTHMecKOH 
nepeMeHHofi), KaK H y oraejxbHbix KOMnoHeHT. 
CyxyieHHH o uiHpoKonojiocHOCTH aanaiOTca nep- 
BHM npH3HaKOM (xapaKTepHCTHKOH),  no KOTO- 
poft ÄaHHaa coBOKynHocrb CHmajioB crpyicrypH- 
pyerca, TO ecTb pa36HBaeTca Ha noflrpynnbi c 
COOTBeTCTByiOmHMH OÖIUHMH JIHHrBHCTMeCKH- 
MH nepeMeHHHMH. 

ripH  HaJIHHHH  B  HCXOflHOH  COBOKynHOCTH 
CHrHanoB noflo6Hbix nompynn mnpoKonojioc- 
HOCTb Bcefi COBOKynHOCTH no npHBeaeHHHM 
TOJibKO HTO npHHHHaM oueHHBaeTca Han6ojiee 
3HaHHMbIMH OTHOCHTejIbHO UJHpOKOnOJIOCHOCTH 
cyxaeHHeM (jiHHreHCTHHecKOH nepeMeHHoa), TO 

ecTb, ecjiH paccMarpHBaeMaa coBOKynHocrb co- 

The measure (2) forms a set of 
parameter values Ue [0,1]. The value can 
be used for retrieval of the relative 
frequency band f,/f„ by the relationship 
(\-U)/(\+U). 

Since the notion of signals broadband- 
ness is uncertain, the set U is an example 
of fuzzy set, where a linguistic variable 
L = VJ(U) , which characterizes judge- 
ments about signal broadbandness, is 
defined by some membership function 
xn(U). The measure (2) and corres- 
ponding linguistic variables and mem- 
bership functions can be formed also for 
signals with polarization structure, if 
there is any fuzzy logic system allowing 
to take into account differences in po- 
larization components. A set of signals, 
which all components match up with the 
same linguistic variable (at the same time 
they may have various broadbandness 
measures U (j=l—, n) within the given 
variable range) is called as equitype set. 
Naturally, the broadbandness of an 
equitype set of signals is evaluated by the 
same judgement (linguistic variable) as 
separate components. Judgements about 
broadbandness are the first attribute 
(characteristic), which are used for 
structuring the given set of signals, i.e. is 
divided into subgroups with correspon- 
ding shared linguistic variable. 

If there are the similar subgroups in 
the initial set of signals, then all set 
broadbandnes is estimated (by the rea- 
sons above) as the most significant, 
relatively to the broadbandness, judgment 
(linguistic variable); i.e. if the considered 
set contains even one UWB component, 
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aepacHT xoTb OÄHy CUIIl-KOMnoHeHTy, TO H BCH 

coBOKynHocTb oueHHBaeTca KaK Cllin. H STO 

noHHTHO, TaK KaK Apyrae y3KonojiocHbie KOM- 

noHeHTH, Bxoflamwe B coBOKynHocTb (2), KaK 
npaBWio CHHHcaior fL HJTH yBejiHHHBaioT fg. Moac- 
Ho, cJieflOBaTejibHO, cqHTaTb, HTO oueHKa (2) 
cnpaBewiHBa, KaK an« oweJibHbix KOMnoHeHT, 
TaK H flJIH BCeH COBOKynHOCTH B UejIOM. HTüK, H3 
y3KononocHbix KOMnoHeHT MO>KHO o6pa30BaTb 
umpoKonojiocHyio H aaxe Cllin coBOKynHocTb 
cHraajioB. CeroflHH (2004) CHCTCMH H cHraajibi, 
y KOTOpblX   £/<0,01   OTHOCHT K y3KOnOJIOCHbIM, 
ecjiH 0,01<£/<0,25, TO K uiHpoKonojiocHHM, npH 
0,25<t/<l - 06 Cllin cHCTCMax H cHraajiax. 

Cllin CHraajibi Moryr Taiace nocjieAOBarejibHO 
«HaÖHpaTbCfl» H3 OTHOCHTCJIbHO y3KOnOJIOCHbIX 
CHraajioB, ecjiH TOJibKo o6pa6oTKa npeanojiara- 
eT coBMecTHoe Hcno;ib30BaHHe Bcex CHraanoB 
aaHHoro «Haobpa». TaKOH Cllin cHinaji MOJKCT 

6blTb Ha3BaH COCTaBHHM, OH npHHaoneacHT K 
icjiaccy cnoxHbix CHraanoB B CMbicjie Mepbi (1). 

ByaeM CHHTaTb, HTO y CHCTCMH CHraanoB (B 

TOM qncjie H cocTaBJieHHbix H3 CIIin-cHrHa- 
JlOß),  flJIH  3anHCH  KOTOpOH_MbI  3fleCb  6yaeM 
HcnoJib30BaTb o6o3HaneHHe G, AOJTXHa cyme- 
CTBOBaTb HeKOTopan aBHaa npocrpaHCTBeHHo- 
BpeMeHHan cTpyKTypa, noflqepKHBaeMaa 3anHCbio 

then all set is estimated as UWB set. It is 
evident, since other narrow-band compo- 
nents in (2), as a rule, reduce fL or increase 
fw Therefore, it is possible to consider that 
the estimate (2) is valid as for separate 
components, and for the whole set. So, 
we can form broadband and even UWB 
set of signals from narrow-band compo- 
nents. Now (in 2004), systems and signals 
with U<0,01; 0,0\<U<0,25 and 0,25<U<1 
are considered to be narrow-band, 
broadband, and UWB systems and 
signals, correspondingly. 

The UWB signals can be also con- 
sistently "constructed" from narrow-band 
signals, if only the processing assumes 
sharing all signals from the given "set". 
Such UWB signal can be called as 
composite signal, it belongs to class of 
composite signals in terms of (1). 

Let us consider that the signals 
system (including signals made of UWB- 
signals) denoted here as G, should have 
some obvious spatial-temporal structure 
expressed by the following expression 

G{r,t) = [Gx{r,t),G2{r,t),...,Gn{r,t)]T ■ 

ECJIH KOMnoHeHTH nojra 

GxCr,t),G2(r,t),. 

oAHopa3MepHbi H oojianaioT onpeAeneHHHMH TpaHc- 
(pOpMaUHOHHblMH CBOHCTBaMH npH H3MeHeHHH yc- 
JIOBHH Ha&nQneHHH, npexcae Bcero npn npocrpaH- 
CTBeHHO-BpeMeHHbix npeo6pa30BaHHHX, TO OTH 

KOMnOHeHTbl MOXHO cmrraTb npHHaflJiexcauTHMH 
TCH3opHOH cHCTCMe cHmanoB. HxaK, HccjienyeMoe 
none Moacer coAepxaTb onny mm HecKcwibKo noA- 
nojien Hjm, KOHOTHO, uejiHKOM 6brn> TCH3opHOH 
CHCTCMOH. TIpH napMerpH3aujiH VOIOBHH Ha&noAe- 
HHH HaobpoM napaMerpoB cc,ß,Y,... Ana TeroopHoro 
nojiH nocTyjiHpyeTCH cjieayiomee onepaTOpHoe 
TpaHO$opMauHOHHoe npeo6pa30BaHHe 

If the field components 

■,G„(r,t) 

have the same dimension and specific 
transformation properties under changing 
the observation conditions (first of all 
spatial-temporal transformations), then the 
components are considered to belong to 
tensor system of signals. Thus, the explored 
field can contain one or several subfields 
or, certainly, to be a tensor system entirely. 
If the observation conditions are para- 
meterized by parameters a,ß,y,..., the follow- 
ing operational transformation conversion 
is postulated for the tensor field 

G(/-,/;aw,ßJV,Yw,...,) = ß(aw,ßw,Yw,...;a0,ß0,Y0,...)-G(^^a0,ßo.Yov,), <3> 

me HHJKHHe HHfleKCbi y napaMeTpoB yKa3biBaioT 
Ha crapbie, npexHHe AO npeo6pa30BaHHfl («0»), 
H HOBbie, nocne npeo6pa30BaHHH («#»), ycJioBHH 
Hä6jiiOÄeHHa KOMnoHeHT nojw, a 

where subscripts denotes old "0" (before 
the transformation) and new "JV" (after 
transformation) observation conditions 
of the field components, and 

Q(aN,$N,yN,...;a0,$0,y0,...) 
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- onepaTop npeo6pa30BaHHa, K o6jiacra onpe- 
aejieHHa KOToporo npHHajmexHT Hccne/ryeMoe 
TeH3opHoe nojie. 

OnepaTop npeo6pa30BaHHa B (3) MOJKCT 

6bm> jiio6biM, coaraeTCTByromHM HcnoJib3yeMbiM 
CeHCOpaM H flaiMMKaM, - JIHHeHHMM HJIH HCJIH- 
HeftHblM, 3aBHCHmHM HJIH HCT OT npOCTpaHCTBeH- 
HO-BpeMeHHbix apryMeHTOB, coflepacaiuHM HJIH 

HOT HHTerpo-flH4)(i)epeHUHajibHbie onepaTopw, 
pearwpyioiJUHM HJIH HeT Ha jjHHaMHKy KOMno- 
HeHT paccMaipHBaeMoro nojia H T.A. QimaKo npn 
Bcex TaKHX npeo6pa30BaHHax nojiaraeTca, MTO 

cymecTByeT e/j[HHCTBeHHoe OäHO H TO ace nojie. 
H3MeHflK)TCH JiHHib ero KOHKpeTHbie npefldaB- 
JieHHa, oöycJioBJieHHbie Bbi6opoM ycjioBHH Ha- 
6jnofleHHa KOMnoHeHT. Kaayibift pa3 aHajiH3H- 
pyeMoe nojie BbiciynaeT TeM HJIH HHHM CBOHM 

KOHKpeTHbiM npeflCTaBJieHHeM jjjia 3ajiaHHbix 
ycjioBHH Ha6jnofleHHH. JIio6bie ycjioBHa paBHO- 
npaBHH fljia npe/jcTaBJieHHa nojia. TaKoe paB- 
HonpaBHe npHBo/xHT K VTBepayieHHio 06 06513a- 
TejibHocTH cymecTBOBaHHH eme H o6paTHoro 
onepaTopa 

is the transformation operator, which 
definition domain includes the explored 
tensor field. 

The transformation operator in (3) 
may be linear or nonlinear, dependent 
or not from spatial-temporal arguments, 
having integro-differential functional 
or not, reacting on dynamics of the 
observed field components or not, etc. 
However, all such transformations imply 
existence of the single field. Only its 
specific representations, which are 
stipulated by choise of observation con- 
ditions of the components, are subject 
of changes. Every time, the field to be 
analyzed acts as a specific representation 
for the given conditions of observation. 
Any conditions are equal for the field 
representation. Such equality leads to 
statement on obligatory existence the 
inverse operator 

ö-1(a^ß^YW5-;a0,ß0,Y0,...) = ß(a0'ßo5yo.-;a^ßw»Yw3-)- 

MoacHo yTBepamaTb, HTO nojie, Kaic e/XHHHH 
OÖbeKT, HHBapHaHTHO K CBOHM IipeflCTaBJieHHHM, 
HO Kaaqrbie KOHKpeTHbie ycjioBHa Ha6jnofleHHH 
ejjHHCTBeHHMM o6pa30M (popMHpyiOT CBOH npeji- 
craBJieHHH (cncreMy napuHajibHbix KOMnoHeHT) 
ana 3Toro nojia. 

3T0 OÖCTOHTeJIbCTBO HaMH B jjajibHenmeM 
cneimajibHO oroBapHBarbca He SyaeT. Baamo Torib- 
KO TO, MTO HHCJIO KOMnoHeHT BeKTOpHOIX) nOJW 
cooTBeTCTByeT HHCJiy KaHajioB aHajiH3aTopa HJIH 

jjereKTopa nouia. YnKTbiBaa raioKe «H3MepHrejibHyio» 
HanpaBjieHHOCTb npoBO^HMoro HaMH 3flecb aHajm- 
3a, MOXHo cHHTaib npocTpaHCTBeHHbie apryMeH- 
Tbi y KOMnoHeHT nojiefl «pHKCHpoBaHHbiMH, coor- 
BeTCTByiomHMH pacnojioxeHHio ÄeTeicropoB, a 
3HaHHT HX M02CH0 npH 3aTIHCH OnyCTHTb. 

ByaeM xaioKe nojiaraib, HTO Bee KOMnoHenrbi 
Gj(0, G2(t),..., Gß) cooTBeTCTByiOT perHcrpanHH 
HexoTopbix peajibHbix (bHsmecKHX npoueccoB. 
riosTOMy OHH onncbiBaiOTca BemeCTBeHHHMH 
dryHKHHaMH BpeMeHH H npocTpaHCTBeHHbrx KO- 

opnHHaT. 3TH (pyHKUHH npeflnojiaraiOTca rorrer- 
pHpyeMblMH C KBaflpaTOM, T.K. HCTOHHHK aHajIH3H- 
pyeMoro nojia He MOJKCT HMcn. GecKOHeMHbie 
MOUIHOCTH H 3HeprHH. riojia äOJDKHH cooraeT- 
CTBOBaTb HeKOTOpOH flHHaMHKe, nOCKOJIbKy H3- 
jiaraeMaa HHxe npoue/rypa BbwejieHHa nojiapH3a- 
UHOHHOH CTpyKTypbi HenocpeÄCTBeHHO Hcnojn>3yeT 
3iy flHHaMHKy. HrocaKHX jipyrax orpaHHHeHHH Ha 

One can state that the field, as a single 
object, is invariant to its representa- 
tions, but every specific conditions form 
uniquely their representations (partial 
components system) for this field. 

This circumstance will not further be 
mentioned. It is only important that 
number of components of the vector field 
corresponds to number of channels of an 
analyzer or field detector. Taking into 
account the "measuring" directivity of our 
analysis, we can consider the spatial 
arguments of the field components to be 
fixed, and corresponding to detectors 
location, so they may be omitted. 

Let us assume that all components 
(?,(/), G2(t),..., Gß) correspond to 
actual physical processes samples. 
Therefore, they are described by real 
functions of time and space coordinates. 
These functions are assumed to be squ- 
are integrable, since the radiation source 
of the analyzed field cannot have infinite 
power and energy. The fields should 
correspond to some dynamics, as extrac- 
tion procedure of polarization structure 
directly uses this dynamics. There are no 
other restrictions on the spatial-temporal 
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npocTpaHCTBeHHO-BpeMeHHyio cTpyicrypy HJIH structure or spectral distribution of the 
cneKTpajibHbiö cocraB KOMnoHeHT nojia He Ha- field components. 
KJiaflHBaeTCH. 

Crano yxe craHflapTHOH npoueaypoft npn The field investigations use well- 
HccjieflOBaHHH nojiefi nepexoflHTb c noMombio known procedure of transition to ana- 
npeo6pa30BaHHH rmiböepTa H(.) K aHannra- lytical vector functions using the Hubert 
MecKHM BeKTOpHbiM (pvHKUHHM transformation H(.) 

Ö(t) = G(t) + iH(G(t)) = G(t) + - 1 G{t)l{t-x)dx, (4) 
7t -» 

me HHTerpajibHaa onepauHH TmiböepTa ocyme- where the integral Hubert operation is 
CTBJiaeTCH Haa BeicropoM KOMnoHeHT. realized for components vector. 

Una KOMnoHem GXi) (/-l,...,«) BeKTopa For Gj(t) components (/-l..., n) 
(4) Moryr 6biTb onpeaejieHH aMmraTynHbie H of the vector (4), amplitude and phase 
<ba30Bbie MHOXHTe^H factors can be defined 

Ö/'HÖ/OI^0. (5) 

a TaioKe HX MmoBeHHbie qacTora co, if). and their instantaneous frequencies a>, (t). 
MraoBeHHHe nacTOTbi ©,(/) H CO,(0 KOM- The frequencies ©,(/) and (Ok(t) 

noHeHT (j,k=\,...,n) 6yayT coBnaaaTb apyr c (/,*=1,...,H) of the components will 
apyroM, ecjiH BpeMeHHaa CTpyKTypa OäHOH coincide with each other if tune struc- 
KOMnoHeHTbi 6yfleTcooTBeTCTBOBaTbJiHHeHHOH ture of one component will correspond 
o6ojioiKe, o6pa30B3HHOH apyrofi KOMnoHeH- to linear shell formed by another com- 
TOH H ee npeo6pa30B3HHeM rmib6epTa ponent and its Hubert transformation 

GJ(t) = a]Gk(t) + a2H(Gk(t)), ■ (6) 

rae a H a, - npoH3BonbHwe KOMruieKCHbie «maia. where a, and a2 are arbitrary complex 
ECJIH'H3 napbi G.(t) H Gk(t), coraacoBaHHOH no numbers. If to form complex signal from 
CBoeö BpeiweHHOH cTpyioype, o6pa30BaTb KOM- the pair Gft) H Gk(t), matched by the 
roieKCHHii cHraan time structure, so that 

GJk(t) = Gj(t) + iGk(t), (7) 

TO MOHCHO y6eflHTbc«, «no Kaxaaa cneicrpaflb- then one can convince that each spectral 
Haa rapMOHHKa 3Toro KOMiuieKCHoro CHraajia harmonic of this complex signal has the 
HMeeT oflHo H TO xe norapH3auHOHHoe COCTOH- same polarization state described by 
HHe onHCHBaeMoe yraoM 3-juiHnraimocTH a H ellipticity a and orientation ß angles,and 
yrJioM HaKJioHa ß, H HTO CHinaji (7) ÄonycKaeT that the signal (7) can be presented as 
npeacraBneHHe 

Qjt (0 = (Gß (0 cos a+m<&* W)sin ")' e'?' (8) 

rÄeMOXHOCHHTaTb.MToqjyHKHHH Gjk(t) onpe- where function Gjk{t) is believed to 
nejweT BpeMeHHyio CTpyicrypy napH KOMnoHem- determine time structure of the compo- 
C.(/)HG(W. nents G/0 H G,(0. . 

OpToroHajibHOH K (8) KOMroieKCHoft <pyH- The complex function, which is ortho- 
KHHeH B cMbicjie cKajiHpHoro npoH3BefleHHH gonal to (8) in terms of scalar product 

(G(,)(0,(G(2)(0) = TG
(1)

(0 • G'(2\t)dt 

(3Be3fl0HKa 03HaMaeT KOMrweKCHoe conpaxe-    (* denotes complex conjugate), will be 
Hue) 6yaeT (pyHiaiHH the following function 
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Gjk (0 = {-GJk (0 • sin a + W(GJk (t)) • cos a) • e*5. (9) 

Ha cneKTpajibHOM H3biKe (8) H (9) HMCIOT In spectral language, (8) and (9) 
cjieflyromHH BH« reads as follows 

G#(co) = Gyt(co)-e'ß -(cosa + sgn(co)sina), (10) 

Gjk (co) = Gjk (co) • e'ß • (cos a sgn(co) - sin a). (11) 

ECJIH KOMnoHeHTbi (7.(0 H Gk(t) He coraacoBa- If G.(f) and Gk(t) are not matched in 
HH no BpeMeHHOö CTpyicrype, TO AHH (7) MOX- time structure, it is possible to postulate 
HO nocryjinpoBaTb cjieiryiomee pa3Jio>KeHHe for (7) the following decomposition 

GJk (0 = (Gj (0 cos a + iH(Gj (f)) sin a - Gk (t) sin a + iH(Gk (t)) cos a) ■ e*,    (12) 

TO ecn. ocymecTaaaeTca nepexoa K ABVM KOM- i.e. to go into two components with the 
noHeHTaM c QUHHMH H TCMH ace nojrapH3aHHOH- same polarization parameters, which are 
HbiMH napaMeTpaMH opToroHajibHbiM no cBoeft orthogonal in polarization structure, and 
nojwpH3auHOHHOH crpyKType, HO C pa3HMMH Bpe- have different time structures GXi) and 
MeHHbiMH CTpyicrypaMH G-(?) H Gk(t) Gk(t) 

Gj (t) = Gj (0 cos a cos ß + H(Gj (0) sin a sin ß + Gk (t) cos a sin ß - H(Gk (/)) sin a cos ß, 

Gk (0 = Gj (t) sin a cos ß + H(Gj (t)) cos a sin ß - H(Gk (/)) cos a cos ß - Gk (0) sin a sin ß. 

(13) 
3aflaBaa pa3JiHiHbie noJiflpH3auHOHHbie na- By choosing different polarization 

paMeTpbi H3 paccMaTpHBaeMOH napbi HCXOAHHX parameters from the pair of initial field 
KOMnoHeHT nojia, onpeaejiaioTCH cooTBeTCTBy- components, the corresponding time 
K>mne BpeMeHHbie cTpyKTvpbi HOBbix nap KOM- structures of new component pairs, ha- 
noHeHT, Kancflaa H3 KOTOPHX HMeeT xecTKyio ving strict polarization structure, are 
nojiHpn3auHOHHVK> CTpyicrypy. determined. 

CjieflOBaTCJibHo, OT paccMarpHBaeMoii napbi Therefore, we made transition from 
nojwpH3auHOHHbrxKOMnoHem- Gk(t) = Gk(0,0;t) the considered pair Gk(t) = Gk(0,0;t) 
H Gj (t) = Gj (0,0; /) ocyrnecTBneH nepexqa K nape and Gj (t) = Gj (0,0; t) to the pair 

Gj (a, ß; 0 = (Gj (t) cos a + iH(Gj (t)) sin a) • e'p, 

Gk (a, ß; 0 = (-Gk (t) sin a + iH(Gk (f)) cos a) • e'ß, 

BpeMeHHbie cTpyKrypbi y Koropoft TaioKe, KaK H y which time structures are different (as 
HcxoaHonnapbi,pa3JiHHHbiHonpefleTOiOTCHno(13). the initial pair) and detemined by (13). 

MOXCHO Tenepb OTOHTH or «aHanHnmecKoro It is possible to put aside the "analy- 
npeacTaBJieHHH» (7) PM paccMaTpHBaeMOH napbi tical representation" (7) for the conside- 
KOMnoHeHT nojw K BeKTopHOMy, me OTMeHeHHbiH red components pair, and pass to vector 
nepexoa 6yaeT cooTBeTCTBOBaTb 3aMeHe BexTopa where the transition will correspond to 

replacement of the vector 

GJk(0,0;t) = [Gj(t),Gk(t)t =[Gj(0,0;t),Gk(0,0;t)T 

BeKTopoM by vector 

&(a,ß;0 = [G/a,ß;0,Gt(a,ß;0]r, 

KOMnoHeHTbi KOTOporo opToroHajibHH no no- whose components have orthogonal pola- 
JiapH3auHOHHOMy COCTOHHHK). JJjin BBefleHHoro rization states. For the introduced set of 
MHOxecTBa BeKTopoB oneBHflHbiM o6pa30M MO- vectors, the scalar product can be define 
sceT 6biTb yro^HeHO cKanapHoe npoH3BefleHHe more exactly 
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(^(a„ß,;0,G,t(a2,ß2;0)= I Gjk(a^;t\GJk(a2$2;t)dt. (14) 

Ha «BeKTopHOM» H3WKe (12)-(13) OTBenajoT    In "vector" language, (12)-(13) corres- 
MaTpwqHOMy npeo6pa30BaHHK> pond to matrix transformation 

Gy,(a,ß;O = ß(a,ß;0;0)ß((a!ß)G,i(0,0;O, (15) 

Tßß HHJKHHH HHfleKC B MaTpHue ß,(a,ß) VKa3W-    where subscript «f» in ß(ct,ß) denotes 
BaeT Ha coBepuiaeMbie STOH MaTpwuefl npeo6pa-    time structure transformation performed 
30BaHHH BpeMeHHOH crpyicrypu. B ABHOM BHfle    by this matrix. In an explicit form, the 
MarpHUbi, BXOflHiUHe B (15), sanwcbmaioTCH cjie-    matrices in (15) are wntten as follows 

ayrouiHM o6pa30M 

cos a + /sin aH 0 

-sina + /cosfxr7 
ß(a,ß;0,0) = e'ß 

0 
(•), (16) 

Q,(0L,V>) = e -J» 
cos ß cos a -sin a sin ßH    - sin ß cos a - cos ß sin aH 

cos ß/ sin a + sin ß cos aH   - sin ß sin a + cos a cos ß# 
(•)•    (17) 

MaTpnuw (16) H (17) HBJIHIOTCH yHHTapHHMH 
B CMMCJie (14). 

TaKHM o6pa30M, KaK «aHajiHTHHecKHe», TaK 
M «BeicropHbie» npeflCTaBJieHHH flOKa3HBaiOT VT- 

BepxaeHne, mo BCHKaa napa KOMnoHeHT wcxofl- 
Horo nojia flonycicaeT pasnoxeHHe Ha me opTO- 
roHajibHbie no nojwpH3auHOHHOMy COCTOHHHIO 

KOMnoHeHTbi, ozmaKO, B o6iueM cnyqae, pa3Jin- 
HaKxurnecH CBOHMH BpeMeHHbiMH CTpyicrypaMH. 
OTMCTHM TaioKe, MTO opToroHanbHocTb no no- 
JIflpH3aiTHOHHOMy COCTOHHHK) coxparaeTCH npH 
mo6bix BpeMeHHbix cTpyicrypax arax KOMnoHeHT. 

TOT (paicr, HTO nojwpH3auHOHHbie napaMeT- 
pw a H ß Moryr ycraHaBJiHBaTbCH npoH3BOJibHo, 
no3BOjuieT ana Bcex nap KOMnoHeHT nojia BH6- 

paTb 3TH napaMerpw oflHHaicoBbiMH. 3TO aaeT 
B03M05KH0CTb HafleJIHTb BCK) COBOKynHOCTb KOM- 
noHeHT nojiapH3auHOHHOH crpyicrypoH. B STOM 

cjiynae ana nojw ocraeTca cnpaBe,zuiHBbiM (12), 
TOjibKo BpeMeHHaa cTpyKTypa Bcero nojia 6y- 
fleT 3anaBaTbCH n-MepHMMH BexropaMH. BO3MOX- 

Hbi H Äpyrae K0M6HHauHH npH nepexofle «OT nap 
KOMnoHeHT» K «CHCTeine Bcex KOMnoHeHT», co- 
oTBeTCTByrouieH aHajiH3HpyeMOMy nojno. 

B MaTeMaraice 40Ka3biBaeTca, HTO ecjin co- 
6juoaaK>Tcn ycjioBHa JiMHefiHOCTH, HenpepbiB- 
HOCTH H TpaHCnaUHOHHOH HHBapHaHTHOCTH, TO 
cymecTByeT cunHCTBeHHaa nxn Marpnua S(/), 
ajieMemaMH KOTopoft HBJiaioTCH o6o6meHHbie 
(pyHKHHH, CBH3biBajQ,iuaH no,aaiomee Ha npeoö- 
pa30BaTejib nojia G (t) n COBOKynHOCTb npe- 
o6pa30BaHHbix KOMnoHenr nojiH G (t) COOT- 

HorueHHeM THna cBepTKH 

Matrices (16) and (17) are unitary in 
terms of (14). 

Thus, both "analytical", and "vector" 
representations prove the statement that 
any pair of components of the initial 
field allows the decomposition into two 
polarization orthogonal components, 
which, in general, differ in time structures. 
It should be noted that polarization 
orthogonality is preserved for any time 
structures of the components. 

The fact that the polarization parame- 
ters a and ß may be arbitrary allows to 
choose them equal. It allows to assign 
polarization structure to the whole set of 
components. In this case, relation (12) 
remains valid for the field, only the time 
structure of the whole field will be des- 
cribed by «-dimensional vectors. Other 
combinations are also possible under 
transition "from pairs of components" to 
"a system of all components" correspon- 
ding to the analyzed field. 

In mathematics it is proved that if 
conditions of linearity, continuum and 
translation invariance are satisfied, 
there is single nx« matrix S(r), which 
elements are generalized jiuictions 
connecting the incident field G (t) and 
aggregate of transformed field 
components G (t) by convolution type 
relationshi p 
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+00 

G°"\t)= I S{t-x)G'"{i)dx. (18) 

Bo3MoxH0CTb npeflCTaBJieHHH napbi nojieft co- The possibility to represent a pair of 
BOKynHocTbio npoH3BojibHo no^HpH30BaHHbix fields by assemblage by arbitrary pola- 
KOMnoHeHT Ha ocHOBarora (15) no3BojiaeT no- rized components based on (15) allows 
nycTHTb HHyio 3KBHBajieHTHyK> 3anncb (18) to admit another equivalent record (18) 

G7(ao'",ßo'";0- J S/k(a°'\r',ai\P"lt-*)G:Uain,P''-,z)dT jk\ (19) 

rue Hcnojib30BaHO o6o3HaneHHe fljia «HOBOH» where designation a "new" matrix is used, 
MaTpHirM, HO cocToaineH yace H3 KOMiuieKCHbix but already consisting from complex 
aneMeHTOB elements 

Sjk{a°"',V",a."'$";t) = 

= ß(ao'",ßo'";0,0) ß(ct<"",ß<"") SJk(0,0,0,0;0 ß,(a'",ß'") ß+(a'",ß'";0,0).    (20) 

MoacHO, cjieflOBaTejibHO, craiaTb (20) npefl- 
craBJieHHeM MarpHUbi npeo6pa30BaHHH .nereic- 
Topa Ann flpyrofi nojrapH3auHOHHOH cTpyKTypbi 
Hccjie^yeMoro nojin. 

HßHbie aHajiHTHHecKHe BbipaxeHHfl, KaK wra 
KOMnoHeHT, Tax H ,zyra ero npeo6pa30BaTejra 
no3BOJiaioT 6e3 Tpyaa aHajioroBHMH HJIH imqV 
POBHMH  CpeflCTBaMH  CHHTe3HpOBaTb  COOTBCT- 
CTByiomHe H3MepHTejibHbie npoueaypbi. 

B [1-6] CHHTe3HpoBaHH TexHOjiorHH Ha^ejie- 
HHH JIK>6bIX ClIin-CHrHajIOB nOJIHpH3aUHOHHOH 
CTpyicrypoH, 6a3HpyiomHeca Ha Hcnojn>30BaHHH 
npeo6pa30BaHHH rnnb6epia H (popMHpOBaHHH 
cooTBeTCTByiomHX nojiapH30BaHHbix aHanHTH- 
qeciaix CHraanoB. «HMnyjibCHbie» acneicrbi STHX 

TexHo^orHH paccMOTpeHbi B [7-8], 6a3HpyiomH- 
ecH Ha pe3yjibraTax, nojryqeHHbix cneuHariHCTa- 
MH neTep6yprcKHX opraHH3auHft: OAO «HFin 
«Paflap MMC» H 3>H3HKO-TexHHHecKoro HHCTH- 
Tyra (OTH) HM. A.O. Hocjxpe. 

MeTQUbl (bopMHpOBaHHH CUiri-CHrHajioB 
nojrynpoBOflHHKOBbiMH npHobpaMH Ha ocHOBe TaK 
Ha3biBaeMbrx «.npeiflpoBbix moaoB c pe3KHM BOC- 
craHOBneHHeM» (ZWPB) H npnobpoB Ha 3aaepxaH- 
HOH HOHH3aunH (1T3H) 6buiH pa3pa6oTaHbi B OTH 
HM. A.O. Hodxpe OKOJIO 20 Jier Ha3aa. KHoraa fljw 
3T0H UejIH HCnOJIb3V10T HH3KOHaCTOTHbie npHÖo- 
pbi, KOTopbie nocjie cooTBeTCTByiomeH nepeaeji- 
KH no3BOJMKxr nojiyqaTb flocraroHHO ynoBneTBo- 
pHTejibHbie xapaicrepHCTHKH H3JiyqeHHH, xora H 

ycrynaiomHe cneirHajiH3HpOBaHHbiM npH6opaM. 
Ilo^ynpOBOflHHKOBbie cy6HaHOceKyHÄHbie re- 

HepaTopbi Ha HanpjDKeHHfl 6ojiee 30-50 KB B Ha- 
rpy3Ky 50 OM B OäHOM MQiryjie, npaicraHecKH He 
Moryr KOHKypHpoBaTb c ra3opa3panHHMH no 

Therefore, one can consider (20) as a 
representation of transformation matrix 
of a detector for other polarization struc- 
ture of the explored field. 

The analytical expressions in closed 
form as for components, and for its 
transformer allow to easily synthesize, 
by analogue or digital means, the 
corresponding measuring procedures. 

In [l]-[6], technologies of assigning 
polarization structure to any UWB sig- 
nals, based on the Hubert transformation 
and formation of the corresponding pola- 
rized analytical signals, have been synthe- 
sized. "Pulse" aspects of the technologies 
based on the results obtained by experts 
of PC "SPF "Radar-MMS" and A.F. Ioffe 
Physical & Engineering Institute (FTI) 
(Saint-Petersburg) were considered in 
[7]-[8] 

Methods of UWB signals generation 
by semiconductor devices (Drifted Di- 
odes with Sharp Recovery (DDSR) and 
Detained Ionization Devices (DID)) 
have been developed in FTI twenty years 
ago. Sometimes for this purpose low- 
frequency devices are used, which allow, 
after corresponding recasting, to obtain 
quite satisfactory radiation characte- 
ristics though yielding to specialized 
devices. 

Semiconductor sub-nanosecond osci- 
llators with more than 30-50 kV voltage 
and 50 Ohm load in a module, cannot 
compete with discharge oscillators in 
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ueHe, HanexHocTH H aaxe nopTaraBHocra. Ceft- 
qac 3aecb Bee BHHMaHHe KOHueHTpnpyeTCH Ha 
BbinycKe flocraTOHHO umpoKoft HOMeHKJiaTypw 
cy6HaHOceKyHflHbix reHepaTopoB B jrnana30He 
5-25 KB (MOIUHOCTH 1-10 MBT) Ha Macro™ cjie- 
flOBaHHfl B eflHHHUbl KHJiorepu, 

Han6ojiee sdHpeKTHBHMM H nepcneKTHBHbiM 
nyreM yBejiHHeHHa MOIUHOCTH Ha Harpy3Ke HJIH 

H3JiyieHHOH B npocTpaHCTBo cjie/ryeT ciHraTb 
KorepeHTHoe cjioxeHHe MomHocTeii or MHornx 
reHepaTopoB. B STOM cjiynae y/taeTCH Hcnojib30- 
Ban. ocHOBHbie npeHMymecTBa nojiynpoBOflHH- 
KOBbix npH6opoB cpeflHen MOIUHOCTH: craöHJib- 
HOCTb nojioxeHHH  HMnyJIbCOB  BO BpeMeHH, 
BbicoKaa nacroTa noBTopeHUH (flecHTKH H COTHH 

KHJiorepu), KOMnaxTHocTb H ueHa. 
HawooJiee nepcneKTHBHbiMH cero/XHH npejj- 

CTaBJiaiOTCH nojiynpoBO/XHHKOBbie KJHOHH. YjiyH- 
uieHHe napaMeipoB. TpaHHUHOHHbix MOUTHMX 

KJlIOTeH (TpaH3HCTOpOB, THpHCTOpOB) Ha KpeM- 
HHH 6bIJIO CBH3aHO C 6bICTpbIM yjiyHiiieHHeM Tex- 
HOJIOrHH. EblJIH pa3pa60TaHH CÖOpKH, COCTOH- 

LUHe H3 60JIbIII0r0 HHCJia nOJieBMX TpaH3HCTOpOB 
(MOSFET), cnoco6Hbie nepeKjnonaTb Hanpaxe- 
HHH B HeCKOJlbKO KHJIOBOJIbT 3a ejXHHHUH HaHO- 
ceKyH/j. flajibHeHiuee yMeHbiueHwe BpeMeH ne- 
peioiioHeHHH Ha STOM nyTH HCBO3MOJKHO H3-3a 
BJIHHHHH napa3HTHbix napaMeTpoB (eMKocra H 

HHnyKTOBHocra) cobpKH. npe/jnoaceH «BOJIHO- 

BOH» cnoco6 o&be/xHHeHHH Tbican ManoMoiuHbix 
ÖHCTpOfleftCTByiOmHX JiaBHHHHX TpaH3HCTOpOB 
/JJIH (JK>pMHpOBaHHH KHJIOBOJIbTHblX (flO   12 KB) 

HMnyjibCOB c BpeMeHeM HapacraHHfl MeHee 100 
uHKOCeKyHfl. B 3TOH CObpKe TpaH3HCTOpH KOHCT- 
pyKTHBHO npeacTaanHJiH COSOH JIHHHIO nepejja- 
HH  C  H3MeHfUOIUHMCH  BOJIHOBbIM  COnpOTOBJie- 
HHeM, no KOTopoH oexana BOjma nepeicjiKweHiui. 
K COXaJieHHK), pecypC JiaBHHHHX TpaH3HCTOpOB 
■raioKe He oqeHb BejiHK ~107-1010 nepeKJUoqeHHH. 
BblXOfl 3fleCb BHJXHTCJI B HCnOJlb30BaHHH JXByX 
3(p4)eKTOB:  3(b<peKT CBepx6bICTporO BOCCTaHOB- 
jieHHH HanpaaceHHa H sdHpeicr cBepxöbicTporo 
oöpaTHMoro npoSoa B BbicoKOBOJibTHbix nepe- 
xoaax. KajKflbifl H3 STHX sdwpeKTOB 6bUI nojioaceH 
B ocHOBy pa3pa6oTaHHbix jxßyx KJiaccoB HOBHX 

nonynpoBOflHHKOBbix npnoopoB: flpeftdwBbie npH- 
6opbI C pe3KHM BOCCTaHOBJieHHeM H npHÖopbi 

Ha 3aflepXaHH0H HOHH3aHHH. 
B 3aBHCHMOCTH OT MHCjia p-n nepexoflOB (or 

ojjHoro no Tpex) BHyrpH Kaacnoro KJiacca 6MJIH 

pa3pa6oTaHbi: jipeiiipoBbie flHoabi c pe3KHM 
BOCcraHOBJieHHeM, jjpeftcpoBbie TpaH3Hcropbi c 
pe3KHM BoccraHOBJieHHeM (flTPB), ÄpeH<ix)Bbie 
THpHCTOpbl C pe3KHM BOCCTaHOBJieHHeM (HTpPB), 
HHOÄHbie o6ocTpHTejiH Ha 3ajiep}KaHHOH 

price, reliability and even portability. At 
present, all attention concentrates on pro- 
duction of wide nomenclature of sub- 
nanosecond oscillators over 5-25 kV range 
(1-10 MW power) with repetition frequ- 
encies up to several kHz. 

The most effective and perspective 
way of magnification the power on a 
loading or radiated in space should be 
considered as coherent power addition 
from many oscillators. In this case it is 
possible to use such basic advantages of 
mean power semiconductor devices as 
stability of time position of pulses, high 
repetition frequency (tens and hundreds 

kHz), compactness and price. 
At present, semiconductor keys are 

the most perspective. Improvement of 
parameters of standard powerful silicon 
keys (transistors, thyristors) is connec- 
ted with fast advance in technology. 
Assemblies consisting of a large number 
of MOSFET transistors capable to 
switch a few kV voltage for nanoseconds 
were designed. The further decrease of 
switching time by this method is im- 
possible because of influence of parasitic 
parameters (capacity and inductance) 
of an assembly. It was suggested «wave» 
method of joining of thousand low- 
current fast avalanche transistors for 
generation of pulses (up to 12 kV 
voltage) with rise time less than 100 
picoseconds. In this assembly, transistors 
are designed in the form of transmission 
line with varying wave resistance with 
switching wave. Unfortunately, the re- 
source of avalanche transistors is not so 
large (~107-1010 switching events). The 
possible solution is to use such two 
effects as effect of ultrafast voltage 
recovery and effect of ultrafast reversible 
breakdown in high-voltage transitions. 
Each of these effects becomes the basis 
of two classes of newly designed semi- 
conductor devices - drifted devices with 
sharp recovery and detained ionization 

devices. 
Depending on number of p-n transi- 

tions (from one up to three) inside each 

class, there were designed drifted diodes 
with sharp recovery (DDSR), drift tran- 
sistors with sharp recovery (DTSR), 
drifted thyristors with sharp recovery 
(DThSR), detained ionization diode 
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H0HH3auHH, TpHOflHBie oobcrpHTejiH Ha zwvpxm- 
HOH HOHH3aUHH, flHHHCTOpbl Ha 3aflepXaHHOH 
HOHH3aUHH. KäHCßblH H3 3THX npH6opOB HMeeT 
CBOH oGjiacTH Hanöojiee srbdpeKTHBHoro npHMe- 
HeHHH. 

BbiJia pa3pa6oTaHa 3<b<})eKTHBHaH TexHOJio- 
THH noBHiueHHH HanpHxeHHH nyreM c6opKH npn- 
6opoB B «CTonKy». IlpH 3TOM B cjiyHae flByxsjieK- 
TpoflHbix npH6opoB 3Ta c6opKa Bbinraflejia ;yiH 
nojib30BaTejiH Kaic oflHH, TaKxe flByxsjieKipoa- 
HbiH npn6op oojibmeii TOJIIUHHH. 3TH KpeMHH- 
eBbie npH6opbi HMeiOT flocraTOHHO npocTyio 
TeXHOJlOrHK) H3rOTOBJieHH3 H COOTBeTCTBeHHO, 
oneHb aemeBbi aaace npn MejiKocepHHHOM npo- 
H3BOflCTBe. K HacToameMy BpeMeHH yace flocrar- 
Hyrbi ypoBHH HanpjDKeHHa, 6jiH3KHe K 100 KH- 

JlOBOJIbT H  4>POHTÜX MeHbUIHX   1   HC  (nHKOBbie 
MOIHHOCTH flO 100 MBT). IlpH cppoHTax ~100 nn- 
KoceKyHfl flocTHrHyrbi HanpaxeHHH ~20 KHJIO- 

BOjibT (nHKOBbie MOIKHOCTH 6ojiee 10 MBT). 

CymecTBeHHan oco6eHHOCTb STOH TexHOJiorHH 
— npaKTHHecKH HeorpaHHqeHHbiH pecypc H BH- 

coKaa CTa6HJibH0CTb. 
KpOMe TOTO,  0Ka3aiI0Cb B03M03KHMM C03ja- 

BaTb MomHbie HaHO- H cy6HaHoceKyH0Hbie re- 
HepaTOpbl C nHKOBOH MOIHHOCTbK) B fleCHTKH H 
COTHH KHJTOBaTT üpH HaCTOTaX nOBTOpeHHH HM- 
nyjibcoB B Merarepubi. Cjieayer 3aMCTHTb, HTO HH 

QZTHH H3 flpyTHX CymeCTByiOlUHX B MHpe MeTOflOB 
He no3BOJweT peuiaTb Taicne 3aflaMH BHCOKHX na- 
CTOT noBTopeHHa. Ejiaroflapa Hpe3BbiHaflHO Ma- 
JioMy fljKHTrepy cymecrByeT B03MoxHOCTb «Heo- 
rpaHHHeHHoro» HapainHBaHHH MOHIHOCTH nyreM 
cyMMHpoBaHHa HMnyjibcoB 6ojibinoro HHCJia re- 
HepaTopoB, npHHeM KaaoibiH reHepaTop HBjraeT- 
CH npOCTbIM H MaJIOra6apHTHbIM yCTpOHCTBOM. 

HMCHHO Ha ocHOBe Hcnojib30BaHHa KpeM- 
HHeBbix nojiynpoBOflHHKOBbix npn6opoB cerofl- 
HH pa3BHBaeTca B OAO «Hirn «Panap MMC» 
HanpaBJieHHe CUIIT paflHonojurpHMeTpHH. 

JlHTepaTypa 

[1] ABHiueB B.B., CapbiqeB B.A. IlojiHpH3a- 
HHOHHaH CTpyKTypa MHoroMepHbix CHT- 

HajioB B HH(J)opMaixHOHHbix KaHajiax 
TpaHCnOpTHHX paflHOSireKTpOHHblX KOM- 
njieKcoB. TpyflH AKafleMHH TpaHcnopTa, 
Bbin.l, C-I16, 1994 

[2]   CapbiMeB BA BbumneHHe nojrapH3airHOH- 
HOH  CTpyKTypbl  npH fleTCKTHpOBaHHH  H 
aHanH3e aHHaMH^ecKHX nojieft c HeH3Be- 
CTHblMH npOCTpaHCTBeHHO-BpeMeHHHMH 
xapaKTepHCTHKaMH. C6opHHK «npo6jieMbi 
npocrpaHCTBa, BpeMeHH H THroTeHHH» 
PAH, 1995, C-n6, ITojiHTexHHKa 

peakers, detained ionization triode pea- 
kers, detained ionization dinistors. Each 
of these devices has own range of the 
most effective application. 

The effective technology for voltage 
increasing by assembling devices in a 
"pile" has been developed. For the case 
of two-electrode devices, this assembly 
looks like as one, also the two-electrode 
device with more thickness. These silicon 
devices have quite simple manufacturing 
technology and are very cheap even at 
small-lot production. At present, voltage 
level close to 100 kV and rise time less 
than 1 nanosecond (peak power up to 
100 MW) are already achieved. For rise 
time ~100 picoseconds, ~20 kV voltages 
(peak powers more than 10 MW) are 
achieved. The essence of this technology 
is practically unlimited resource and 
high stability. 

Besides, it was possible to design 
powerful nano- and sub-nanosecond 
oscillators with peak power of tens and 
hundreds kW with MHz pulse repetition 
frequency. It should be noted there is no 
other method, which could achieve 
such high PRF values. Due to extremely 
small jitter, there is an opportunity of 
the "unlimited" power increasing by 
summation of pulses generated by many 
oscillators, while each oscillator is a 
simple and small-sized device. 

At present, PC "SPF "Radar-MMS" 
develops UWB radio polarimetry 
methods based on the use of silicon 
semiconductor devices. 
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CoBMeCTHaH OUeHKa KOOpAHHaTHMX H 
nojiapH3auHOHHbix napaiweTpoB 
paaHOJIOKaUHOHHMX o6l>eKTOB 

B.A. XjiycoB 

TOMCKHH yHHBepcHTeT CHCTeM ynpaaneHHa H 
pamiOSJleKTpOHHKH 

TOMCK, 634050, np. JleHHHa 40 
Ten.: 7 (3822) 413-562 

B Hepcapuenoü cen3u epeMemtux u eeKmopuux 
ceoücme yuconoAoatbix ajieicmpoMazHumHbix cuzna- 
noe paccMampueaemcH 3adana coeMecmmü ou,enKU 
danbHocmu, paduanbHoü CKopocmu u nojwpmanuoH- 
Hbix napcmempoe npocmpaHcmeeHHO-pacnpedeneHHbix, 
HecmamiompHux eo epeMemi paduojioicau,uoHHbix 
ofoeKmoe. Beodumcn Mampunuan dyyHKuyn omiaiuKa 
(M0O) npomnoiceHHOzo HecmauMonapnozo o6hen- 
ma, Komopaa no3eonnem Koppeicmno onucamb eao 
KOopduHaniHbie u nonnpmaufioHHue ceoücmea u 
npuMemntb dm onucanun paduojioKau,uoHHOü cuc- 
meMbi Memodbi jimemou <pwibmpau,uu eeicmopHbix 
(noMpmoeaHHbtx) cuznanoe. Onpedenenu mpe6o- 
eanun K 3ondupymui,eMy eetcmopuoMy cuenany u 
npoifedype o6pa6omicu ompaoKeHHoao eeicmopmao 
cuanana, neoßxoduMue u docmamoHHue dm peme- 
Hiw paccMampueaeMoü 3adanu. 

Joint Estimation of Coordinate 
and Polarization Parameters of 

Radar Objects 

V.A. Khlusov 

Tomsk University of Control Systems and 
Radioelectronics 

Lenin Ave. 40, Tomsk, 634050, Russia 
E-mail: rirs_pol@ngs.rn 

The problem of joint estimation of range, 
radial velocity and polarization parameters 
of spatially distributed, time-fluctuating 
radar objects is considered in continuous 
relation of temporal and vector properties 
of narrow-band electromagnetic signals. 
Matrix response function of extended non- 
stationary object, which allows to correctly 
describe its coordinate and polarization 
properties and apply methods of linear 
filtering of vector (polarized) signals for 
analysis of radar systems, is introduced. 
Requirements to sounding vector signal 
and signal processing procedure of the 
reflected signal, which are necessary and 
sufficient for solution of the stated problem, 
are formulated. 

1. Moaejn. paoHOJiOKaimoHHoro oßieirra H 

ero MaTpmma» (pyHKUHH oTKJiHKa 

PeanbHbie pannoJioKaHHOHHbie oGbeicrbi HMe- 
K)T HeHyjieBbie npocrpaHCTBeHHhie pa3Mepbi, H B 

paMxax KOHuenmm «ojiecrainHX ToieK» HX MCOKHO 

npeflcraBHTh B BPme coBOKyriHOCTH «ToneHHbix» 
3JieMeHTapHbix OTpaacaTejieH, pacnpeflejieHHbrx no 
npocTpaHCTBy H HMeioiiiHx B o6meM cjiynae pa3- 
JiHMHbie paflHanbHbie cKopociH aBKaceHHH OTHO- 

CHTeJIbHO TOHKH BH3HpOBaHHH. IIpH TaKOM nOfl- 
xoae BCH 30HflHpyeMaH o6jiacTb npocTpaHCTBa 
HBJwerca O/IJHHM npocrpaHCTBeHHO-pacnpeflejieH- 
HbiM, HecrauHOHapHHM o&beicroM (IIPHO). Mo- 
aejib TaKoro oöieiCTa cxeManiHHo H3o6paxeHa 
Ha pHC. 1, KaK MaCTb MOflejIH O.HHOn03HIJ,HOHHOrO 
paHHOJioKauHOHHoro (PJI) xaHajia. 

Jlfla o6mero cjiynaa flBHxeHHH arceMeHTap- 
Horo oTpaacaTejiH IIPHO c pamiaribHOH cKopo- 
CTbio V. eroKoopflHHaTHbienapaMerpbi(ziam>HocTb, 
paHHaJIbHaH CKOpOCTb) H nOJIHpH3aUHOHHbie CBOH- 
CTBa M05KHO COBMeCTHO npeflCIBBHTb B BHfle MaT- 
piMHOft (pyHKUHH OTKJiHKa (MOO) 

1. Model of radar object and its 
matrix response function 

Real radar objects have finite dimen- 
sions and (within the concept of "bright 
points") can be presented as an ensemble 
of "point" elementary reflectors distribu- 
ted in space and having, in general, 
different radial velocities relatively to 
sounding radar. In this case, the whole 
illuminated area is a single spatially 
distributed non-stationary object 
(SDNO). The model of such object is 
schematically shown in Fig. 1, as a part 
of monostatic radar channel model. 

If an elementary reflector of SDNO 
moves with radial velocity V., then its 
coordinate parameters (range, radial 
velocity) and polarization properties can 
be presented as the matrix response 
function (MRF) 

67 
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g/(x,n) = 8(x/,n/)-S/=8(T/,n/)- 
ä\\      °12 

V^21 '11) 

Sn    Sn (1) 

Tßß oneparop Sj — Manama oöpamoro paccejnora 
sjieMeHTapHoro OTpaacaTejra, \=2D.Jc - BpeMH 
3aflep>KKH oTpaaceHHoro CHraana un(r,co) OTHO- 

CHTeJibHO MOMeHTa HMyneHHH 30H,zrnpyioiuero 
cwraajia u0(/,o>), Qt=2Vj\ - AorwepoBCKoe 
CMemeHHe nacrora orpaaceHHoro curaana, o6yc- 
jioBJieHHoe pamiajibHOH cKopocrwo arpaacarcra (c 
- cKOpocTb CBCTa, \ - fljnma BOJTHM). 

Uj(t,®) 

where St is backscattering matrix (BSM) 
of the elementary reflector, t =2Z);. /c is 
delay time of reflected signal u,,(r,a>) 
relatively to instant of sounding signal 
u0(r,o>) radiation, Q.l=2Vl/'kf> is Doppler 
frequency shift of the reflected signal (c is 
the light speed, \ is wavelength of the 
sounding signal). 

PHC. 1. Moflejib oAHono3HUHOHHoro paflHOJioicauHOHHoro KaHajia 
Fig. 1. Model of monostatic radar channel 

Ha pnc. 2 cxeMamnecKH noicaaaH BTO MaT- Figure 2 shows schematic diagram 
PHHHOH (bvHKUHH oTKJiHKa g,(t,n) ToieTOoro    of the matrix response function g,(x,n) 

oSteicra. of a point object. 

g,'2 g.'i Sa 

t*V': 

t JC" 
>«r"df-J' •'■r\ "   .' ■ (1 ./^  '' ' 

xSj2 

Pnc. 2.   IlpHMep MaTpHHHoft (pyHKUHH onoiHKa gj(x,n) ToieHHoro o6teKTa Ha 
njiocKOCTH «Bpeivw-MacTOTa» 

Fig. 2.    Example of the matrix response function g,(x,n) of a point object on 
«time-frequency» plane 
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Kaacflbift H3 MeMeHTOB g'y 3Toro onepaxopa HB- 

jwercfl aejibTa-cbyHKUHeH, 3aaaHHaa B Tomce T., Q(. 
H yMHoxeHHaa Ha cooTBeTCTByrom™ ajieMeHT S'y 

MarpHUH oGparaoro pacceamiH i-ro ixweHHoro 
o&beicra. 

Jlfla «Tone^Horo» aneMeHTapHoro OTpaxaTejiH 
(nfleajra3HpoBaHHHft arynaii), JiHHeHHbie pa3Mepbi 
KOToporo MHoro MeHbiue arceMeHra pa3pemeHHH 
PJIC no a3HMyry H aanbHocra, cpopManbHoe co- 
oTBeTCTBHe Meacay H3jiyqeHHbiM H oTpaaceHHHM 
CHraajiaMH ycraHaMHBaeTCH cooTHomeHHeM Mar- 
pHTHOH CBepTKH 

Each of elements g\} of the operator is a 
delta function given in the point T., £1, 
and multiplied on the corresponding 
element S'u of the /'-th back scattering 
matrix. 

For a point elementary reflector (ide- 
alized case), which linear dimensions are 
much less than radar resolution cell, in 
azimuth and range, the formal relation 
between radiated and reflected signals is 
defined by matrix convolution 

u„(^©) = g,.(T,n)*u0(^co)=|Jg,.(tJn)u0(r-T,co-n)ö?töfn. (2) 

ITpn o6jiy4eHHH IIPHO CHraanoM 

u0(f,a>): 

While irradiating SDNO by signal 

fi(t,a) 

_/2(f,©)J   u. 
cyMMapHbift oTKJiHK MOJKHO npeflCTaBHTb B BHfle the total responce is a sum of responses 
cyMMbi OTKJIHKOB «n(/,o)) Kaacnoro H3 o6pa3y- uri(t,a) caused by /'-th elementary ref- 
KDUIHX ero ajieMemapHbix oTpaxcaTejieii lector 

Uj.(/,(D) = 5;uw(/,(D) = ^g/(T,O)*n0(/,<a) = GI.(T,Q)*u0(r,(ö). (3) 

GE(t,Q) 

IIpH OTOM MaTptwHaa rhymon«! onotHKa G^. paß- Thus, the matrix response function Gz is 
Ha cyMMe MOO Bcex o&beicroB, o6pa3yiomHX pa- equal to sum of MRFs of all objects observed. 
imoJioKaiiHOHHyio oocraHOBKy. KaqecrBeHHo, BHA Schematic diagram of the MRF is shown 
MOO npoHJunocTpHpoBaH Ha pHC. 3. in Fig. 3. 

i. 

Gt(r,B) 

«Z1 
xs*> ," "ft" A 

A    *i        T 

*v"«*-J 

"dfianLi 
1^1 Wwim 

PBC. 3.   ripHMep MaTpHHHott 4>yHKUHH OTKJiHKa Gz(T,fl)npocTpaHCTBeHHO-pacnpeÄejieHHoro, 
HecTauHOHapHoro o6i>eKTa, 3aflaHHoft Ha IIJIOCKOCTH «BpeMfl-nacTOTa» 

Fig. 3.    Example of the matrix response function Gz(T,n) of a spatially distributed non- 
stationary object on «time-frequency» plane 
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MarpHHHafl äpyrncuMH onoiHKa ecrb pa3BHrae 
noHaTHH MarpHUW oöpaTHoro paccejmHfl, pac- 
npocrpaHeHHoe Ha npoTJDKeHHbie, ÄBHxyuuiecH 
(HecrauHOHapHbie) pamiojioKairnoHHbie oöbeicrbi. 

B o6meM cnyqae 3aflaqa COBMCCTHOH oueHKH 
nonapH3auHOHHbix H KoopmrnaTHMX napaiweTpoB 
paflHOJTOKamiOHHbix o&beKTOB, c yteTOM Beicrop- 
HblX CBOHCTB SJieKTpOMaTHHTHOrO nOJIH, COCTO- 
HT B TOM,  HT06bI  nO pe3yJIbTaTaM  HaÖJIIOfleHHH 
oTpaaceHHoro cwraana uz (/,©), npn H3BCCTHOM 

30HflHpyioiueM CHraaiie u0(?,co), oueHHTb MaT- 
pHwyio 4)yHKUHio OTKJiHKa Gz(x,fi). 

2. üepBHHHaa oöpaßoTKa OTpaxemioro 
BeKTopHoro cHniajia 

H3BeCTHbIM H eflHHCTBeHHHM MeTOflOM pe- 
iiieHHH MarpHTHoro ypaBHeHHa (3) OTHOcHTeubHO 
GI(T,n) HBJiaeTCH npouenypa BeicropHOH cßep- 
TKH o6ewx HacireH ypaBHeHHH (3) c HeKOTopbiM 
BeKTOpoM  u(x,Q)  ((pHJivrpyiomaH BeKTOpHaH 
(pyHKUHJl), B COOTBeTCTBHH C BblpäHCeHHeM 

The matrix responce function is an 
expansion of the backscattering matrix 
notion for the case of extended (time- 
dependent) moving radar objects. 

In general, the problem of joint esti- 
mation of polarization and coordinate 
parameters of radar objects, in view of 
vector properties of EM field, consist in 
estimation of the MRP Gz(x,fi) by the 
reflected signal uz(/,co) with known radi- 
ated signal u0(t,a). 

2. Primary processing of reflected 
vector signal 

The known and unique method of the 
matrix equation (3) solution as concerns 
G2(x,fi) is the procedure of vector con- 
volution of both sides of (3) with a vector 
u(x,fi) (filtering vector function) in 
accordance with expression 

UZ(^,CO)OU(T,Q) - \\ur(t-t, cö-Q)®ü(x,ß)Jx(iQ, (4) 

rae 3HaKM °, ®, ~ o6o3HaqaiOT BeKTopHyro cBepr- 
Ky, yMHoaceHHe no KpoHeicepy H TpaHcnoHHpo- 
Bamie, cooTBeTCTBeHHo. 

Hcnojib3yfl cooTHouiemie (3), Bbipaxemie 
(4) MOHCHO nepenwcaTb B pa3BepHyroM BHae 

where signs °, ®, ~ denote vector con- 
volution, Kronecker multiplication, and 
transposition, correspondingly. 

With the use of (3), expression (4) 
can be rewritten in the form 

uz(f,co) = u(x,Q) = Gz(x,Q)u0(?,co)ofi(x,Q) = Gz(x,n)X(t,a) = J(t,<o).     (5) 
X((,o) 

OnepaTop X(f,co) B (5) ecTb MaTpHiia B3anM- 
HOH   KOrepeHTHOCTH   BeKTOpHHX   (pyHKIIHft 
u0(?,co), u(x,fi), onpeaejieHHaa Ana Bcex B03- 
MOXHHX napaMeTpoB cflBnra x,Q. IlyTeM BH6O- 

pa 3THX (pyHKUHH MO)KHO onpeflCJIHTb pa3J!HH- 
Hbie CBoiicTBa onepaTopa X(t,a). 

CooTHOiueHHe (4) onpeflenfleT Heo6xoaH- 
Myio npoiieaypy nepBHHHoft o6pa6oTKH OTpa- 
xeHHoro BeKTopHoro cnraajia, KaK ero BeKTop- 
HVK) CBepTKy c 30HflHpyiornHM curHanoM. CxeMa 
auropHTMa, peajiirayiomero o6pa6oTKy OTpa- 
xceHHoro cHrnana B COOTBCTCTBHH c Bbipaxe- 
HHHMH (4, 5) npeacTaBJieHa Ha pnc. 4. 

QrpaaceHHbiH BeieropHbiH cnrHan uz(/,co) Ha 
Bbixofle npneMHOH aHTeHHbi npeflcraBneH flByMfl 
CKarapHbiMH cHraanaMH w,(7,co), ü2 (t,(o), KOTO- 

The operator X(t,a) in (5) is the cross 
coherence matrix of the vector functions 
u0(?,co), u(x,n) defined for all possible 
parameters x,Q. By choice of these func- 
tions, it is possible to determine various 
properties of the operator X(f,co). 

The relation (4) defines the necessary 
procedure of primary processing of the 
reflected signal in the form of its vector 
convolution with the sounding signal. 
Block-diagram of the algorithm realizing 
the reflected signal processing according 
to (4) and (5) is shown in Fig. 4. 

The reflected vector signal uz(?,co) 
at the output of the receiving antenna is 
presented by two scalar signals üx{t,(ä), 
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pbie Ha6jnoflaioTca Ha Bbixofle oproroHanbHbix no    zi2(r,co), which are at the outputs of 
nojiapH3auHH riHTaiomHx (pmepoB aHTeHHbi orthogonal antenna feeders. 

_M2(/,(B) 
Uy(f,Ö>) = (6) 

B cooTBeTCTBHH c (3), oTpaxeHHWH Beicrop- According to (3), the reflected vector 
Hbin cHraaji B pa3BepHVToft dpopMe HMeeT BUH      signal reads as 

UZ(/,CD)= JH 
■ Z       • £ 

■ z     • z 
&2\       S22. Ait*®). 

•dxdn = 
glf,(t,®)+g2Mt,®)_ 

(7) 

rfle gf — 3JieMeHTbi MaTpmmoH cbyHKUHH OT-    where gf are elements of the object's 
KJiHKa oßteKTa. matrix response function. 

i MF! 

üß,®) 

( 

ff«, (/ -1, co - a) • Vfi (r, fi)rfrrfa 

Ju(t,(x>) 

\ 

JJ«,(< ~t,<£>- o)ün(j,a)drdn 

JU($M 

u2(*,co) •< 

V ^(*>®) 

|J«2(/-r,co--o)-w/,(rvo)<fr^n ^^^ 

; JnitM 
> j(r,(B)=G(T,n) 

[[»^(/-•r.Cö-ß)- üf2(r,Si)dTdü 

JJSM 

J 

PHC. 4.   06o6meHHHM anropHTM nepBHiHoii o6pa6oTKH oipaxeHHoro BeKTopHoro 
cumana (MF - MaTpHHHMM (pmibTp) 

Fig. 4.    Generalized algorithm of primary processing of reflected vector signal («Mf» 
denotes matrix filter) 

Hjin peajiH3auHH BeieropHOH CBepTKH OTpa- In order to realize the vector convo- 
xeHHoro cnraajia uz(t,a) c HeKOTopon Beicrop-    lution of the reflected signal uz(f,o>) with 
HöH cpHJibTpyromefi (pyHKUHen u(T,n) (CM. (5))    vector filtering function u(t,n) (see (5)) 

u(x,n) = 
ufx{t,ci) 

uf2(t,a) 
(8) 

Heo6xoflHMOKaayiyioKOMnoHemy zi,(?,oo) (/=1,2) it is necessary to convolute each of 
OTpaaceHHoro BeicropHoro cnraajia CBepHyTb c components «,-(f,co) (/ =1, 2) of the 
onopHbiMH (pyHKUHHMH u/j (x, n) TSK, KSK 3T0 no- reflected signal with reference functions 
Ka3aHoHapnc. 4. IIpH3TOMpe3ynbTaTOMKSXJXOVI H3 ufj(x,n) as is shown in Fig. 4. Thus, the 
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CBepTOK 6yaeT ouemca OHHOTO H3 aneMeHTOB g0 

MaipHiHOH (hymen™ OTKJiHKa Gx(x,n) O&beK- 
Ta. B pa3BepHyroM Bnwe cooTHomeHHe (5) npn- 
HHMaeT BHfl 

result of the convolutions will be esti- 
mate of gf element of the MRF Gz (x, fi). 
Finally, the relation (5) takes the form 

J(f,Cü) = uz(f,CD)ou(T,n)= jj" \üfl (T,Q)   üf2 (x,n)] dxdn 
it2(t,(£>) 

(gn fi(t,(ö) + gf2 /2(f,co))z^,(T,n);    (gf f,{t,(ü) + gf2 f2(t,(o))üf2(x,n) 

(gf, Mt,®) + gf2 /j(f.«>))«#i0.ß);    (gfi fx(t,^) + gl2 f2(t,(o))ü/2(x,n) 

(9) 

OieBHflHO, HTO am Toro, HTO6H dpopMUpyeMbift In order that the generated response 
OTKJiHK J(t,(ü) B BbipaxeHHH (9) 6HJI cocTOH- J(f,co) in (9) becomes a consistent MRF 
TejihHofi oueHKOM MaTpHHHoft (pyHKUHH OTKJiH- estimate, i.e. 
Ka, T.e. 

3(t,(6)=GL(x,ci) = 8Ü 612 >Gy(i,n), (10) 

Heo6xOÄHMO HajIOXHTb HeKOTOpbie Tpe60BaHH3 
Ha cHrHanw /?(/, co), onpeaejunomiie nacTOTHO- 
BpeMeHHyio CTpyicrypy opToroHanbHbix no no- 
napH3auHH KOMnoHeHT 30Hflnpyiornero curaajia 
U0(?,CO),   H  BeKTOpHyiO  (pHJIbTpyiOmyK)  (pVHK- 
UHIO u(x,fi). Cyrb STHX TpeöoBaHHfi paccMarpH- 
BaeTCH B cneflyiomeM pa3flejie. 

3. TpeßoBaiiHfl K 30HAHpyiomeMy 
BeKTopiiOMy CHmajiy 

EcJIH BeKTOpHbie (byHKUHH u0(/,(o) , U(T,Q) 

B (3) BbiöpaHbi TaK, HTO MaTpHua X(/,co) B 

(5) apMHTOBa H HeBbipoxüeHHaH, a HMeHHO 

some requirements should be made for 
signals /(?,©), which determine time- 
frequency structure of orthogonally pola- 
rized components of u0(/,co) and vector 
filtering function u(x,n). The require- 
ments essence is considered in the next 
section. 

3. Requirements to sounding vector 
signal 

If the functions u0(f,co), u(x,n) in 
(3) are chosen so that X(t, co) matrix in 
(5) is hermitian and nonsingular, i.e. 

det{X(f,a>)}*0,    X(7,co) = XT(7,co), -Yt/ (ID 

TO ee MOXHO npeflcraBHTb B MyjibTOiWHKaTHBHOM    then it can be presented in the multi plicate 
(popMe (pa3Jio)iceHHe TaKara) form (Takagi's decomposition) 

X(/,co) = Ff \(t,(o)        0 

0        X2(t,(o) 
F = FT-A(/,co)-F, (12) 

rae F - ymiTapHHH oneparep, onpe,nejraiomnH 
rpynny noBopoTOB BeKTopoB JJxoHca B npo- 
CTpaHCTBe riyaHKape, A.,(?,co) - co6cTBeHHbie 
(pyrnaiHH onepaTopa X(t, Q). 

riojcTaBJiaH (12) B (5), nojiynaeM cjieflyro- 
mee BbipaxeHHe 

where F is unitary operator determining 
rotations group of Jones vectors in Poin- 
care space, X.(t,w) are eigenfunctions 
of the operator X(t,Q.). 

Substituting (12) in (5) gives the 
following expression 
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J(f,a>) = Gz(t,Q) X(f,co) = GZ(T,Q) Ff A(f,a>) F = 

= F-GV(T.O) F Ff A(f,a>) F = F Gz(x,fi) A(f,©) F = F GJ.(T,Q) F . 
(13) 

B ciuiy ÄHaroHajibHoro BHfla onepaTopa &(t,<a) B 

(12) onepaTop J(t,a) HBJwercH oueracoH Gz(-t,fi) 
MsrpwmoVt (byHKUHH onoiHKa oöbeicra. IlpH STOM 

TOHHOCTb TaKOH OUeHKH 3aBHCHT OT CBOHCTB OTie- 
paTopa A(/,co). 

üocKojibicy em nojiHpH3auHOHHoro 6a3Hca, 
B  KOTOpOM  4>OpMHpyeTCH  OUeHKa MaTpHHHOfl 
4>yHKUHH GJ.(T,Q), He HMeer npHHimnHanbHO- 
ro 3HaMeHHH, ara npocro™ 6yneM CHjrraTb, MTO 

HeBHpoxfleHHaa MaTpnua X(t, ©) HMeeT flHa- 
roHajibHbifl Bim 

X(f,co) =    lV' 

Gj;(T,n) 

Since the operator A(/,<D) in (12) has 
diagonal form, the operator J(/,co) is an 
estimate Gj-foQ) of the object's matrix 
response function. The estimate accuracy 
will depend on properties of A(t,&). 

Since the polarization basis, in which 
the MRF estimate GS(T,!Q) is obtained, 
may be arbitrary, for simplicity sake we 
suppose that the nonsingular matrix 
X(t, Co) has a diagonal form 

0 

0        A.2(/,co) 
A(t,ca). (14) 

IlpH 3TOM (popMHpyeMaa oueHxa ynoBJieTBOpa-    Thus, the desired estimate satisfy the 
CT cooTHonieHHK) expression 

Jfc©) = uIfr©)°u(T,Q) = Gs(T,Q)Afoffl)=>Gj.(f,a>). (15) 

OieBHflHo, MTO TOHHOCTb <popMHpyeMoü oueH- 
KH MaTpHHHoft (byHKUHH onoiHKa pacceHBaiome- 
ro oGbeKra onpeaejmeTCH cBOHcraaMH 3ommpy- 
lomero BeicropHoro curaajia H BHAOM BeKropHoö 
cpHnbTpyiomeft cbyHKUHH, Koropwe Moryr 6brn> 
Bbi6paHbi Ha 3Tane npoeKTHpoBaHHS CHcreMM. 
HanpHMep, earn oneparop X(t, co) HMeer BHU 

It is clear that accuracy of the MRF 
estimate of a scattering object is deter- 
mined by properties of sounding vector 
signal and form of vector filtering func- 
tion, which can be chosen at the system 
designing stage. For example, if the 
operator X(f,co) looks like 

X(f,co) = 5(0;0)' 
1    0 

0   1 
(16) 

me 8(0;0) - aejiwa (byHKUHH, 3aaaHHafl B TOH- 

xe t=0, (0=0, TO J(r, (o) HBJiaeTCH TOHHOH oueH- 
KOM MaTpHHHOH CpVHKUHH OTKJIHKa npOTSDKeH- 
Horo HecTauHOHapHoro o&beicra, nocKOJiwcy B 

3TOM cjiyqae HMeeT MecTo paBeHCTBo 

where 8(0;0) is delta function defined in 
point /=0, (0=0, then J(/, (o) is correct 
estimate of the MRF of extended non- 
stationary object, since the equality is 
valid for this case 

J(r,co) = ur(f,cü)°u(T,fi) = Gr(T,Q) 8(0;0) aGj(M»).    (17) 

B peanbHHX cHcreMax Bceraa npHcyTCTByeT no- The receiving channels of operational 
Mexa B KaHanax npneMa oTpaaceHHoro cnraana. radars is always characterized by noise 
JXna ynera peajibHbix ycjioBHH nepennuieM (3) level. So that (3) can be rewritten as 
B BHfle 

uz(f,co) = Gx('C,Q)ii0(r,co) + n(f,co), (18) 

rae n(/, ra) — HenojiapH30BaHHaH BeKTopHaa where n(/, o) is non-polarized vector 
noMexa, opToroHajibHbie KOMnoHeHTbi KOTO- interference, which orthogonal compo- 
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poft 3aflaHH flByMH cjiynaftHHMH HeicoppeJiHpo- 
BaHHHMH npoueccaMH rt,(f,co), ormcbiBaiomHMH 
«6ejiwe» iiiyMbi (TennoBbie iuyMw) paBHoft Mom- 
HOCTH B opToroHajibHbix npHeMHbix KaHajiax 

nents are two random non-correlated 
processes n,(?><0) describing "white" 
(thermal) noises of equal power in the 
orthogonal receiving channels 

n(f,©) = 
K,(r,co) 

n2(t,<a)_ 
(19) 

PaBeHCTBo MomHOCTeft npoueccoB Bw6pa- 
Ho H3 coo6paxeHHH 3flpaBoro CMbicjia. IIOSTO- 

iwy ciHTaeM, HTO xaHajibi npneMa uweHTMHbi 
no KosqxpHUHeHTy myMa H ycHJieHHio. B cray 
3Toro BeKTopHaa noMexa (19) HenojiapH30Ba- 
Ha. IloflCTaBJiHH (18) B (5), 3anmueM 

The equality of the processes power 
is explained by common practice. Thus, 
the receiving channels are considered to 
have identical noise factor and gain. The- 
refore, the interference (19) is non- 
polarized. Substituting (18) in (5) gives 

J(r,co)-uI(r,co)ou(x,Q) = {Gz(x,Q)u0(r,co) + n(f,co)}ou(x!Q) = 

= Gz(T,Q)X(r,co) + n(f,a))ou(T,n) = 3S+SN, 

me, 3S — nojre3Haa cocraBjiHiomaH Ha Bbixoae 
4>HJIbTpa (pOpMHpOBaHHfl OlieHKH <byHIOIHH OT- 
KJiHKa o6ieKTa, J^ — noMexoBaa KOMnoHeHTa. 

H3 TeopHH corjiacoBaHHoro npneMa CKanap- 
Hbix KOMnjieKCHHX CHraajioB Ha «fcoHe 6e;ioro 
uiyMa H3BecTHo, HTO Hamiymneft (bmibTpyiomeH 
(hyHKUHeft (no xpHTepHio oTHouieHHa «cHraan- 
noMexa») »BJiHeTCH (byHKujia, conpsDjeeHHaa 
4>VHKUHH, onHCHBaroruefi noJie3HMH CHraaji. JUjia 
cjryMaa npHeMa BeicropHoro CHraajia uz(/,co) Ha 
(hoHe HenojiapH30BaHHOH «6e;ioH» noMexn (19), 
4>HJibTpyiomaH BeicropHaH (byHKUHH u(x,n) AOJI- 
aKHa 6biTb conpflxeHa c BeicropHOH (byHKimeH, 
oroicbraaiomeH H3jryqaeMbiH cHraan. B STOM cjry- 
qae o6ecneHHBaeTCH HamryHUiee cooTHorueHHe 
«CHrHan-uiyM» ßjin oTKJiHKa OT Kaaqjoro H3 ajie- 
MeHTapHbix oTpaxaTejieH o6T>eicra. 

Hcxozm H3 CKa3aHHoro MOXHO yraepacnaTb, 
HTO flJlH OnTHMajIbHOH  (pHHbTpaUHH OTpaXCeH- 
Horo CHraajia Ha <poHe «6enoro» HenojiHpH30- 
BaHHoro BeKTopHoro uiyMa <piMbTpyioiu.afl 4>yH- 
KUHH flOJDKHa onncbiBaTbCH BbipaxceHHeM 

where 3S is desired component at the 
filter output forming the response func- 
tion estimate, and 3N is the interference. 

It follows from the theory of optimal 
reception of the complex scalar signals 
against white noise that the best filtering 
function (by "signal-to-noise" criterion) 
is the function conjugate to sounding 
signal. For reception of vector signal 
uz(f,co) against non-polarized white 
interference (19), the filtering vector 
function u(x,n) should be conjugate to 
the vector function describing radiated 
signal. In this case, the best signal-to- 
noise ratio is provoded for response 
from every elementary reflectors of the 
radar object. 

All said above allows to state that for 
the optimum filtering of reflected signal 
against white non-polarized vector 
noise the filtering function should be 
written as follows 

(21) 

u(x,n) = u*(x,n). 

ripn 3TOM BbipaxeHHe (20) npHHHMaeT BHU Thus, expression (20) becomes 

J(/,ffi) = nj.(^©)oUo(T,Q) = {Gj.(T,n)n0(/,ö) + n(r,eo)}oUo(T,Q) = 

= GI(x)Q)X0(f,ffi) + n(f,©)oU;(x,Q) = Js+J„, 

roe X0(f,a>) onpeflejiJieTCH TOjibKO cBOHcreaMH where X0(/,a>) is determined by the soun- 
30HflHpyiomero cnrHana. C yqeTOM Tpe6oBaHHH ding signal properties only. With the requi- 
HeBbipo>KfleHHOCTH 3TOH MarpHUbi (CM. (11)-(13)), rement for this matrix to be non-singular 
BbipaaceHHe (21) npHHHMaeT BHU (see (11)-(13), expression (21) reads as 
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J(r,co) = Uy(t,a) °u*(x,Q) = Jc + 3N 

' r(S)       T(S)' 
J 11 «^ n 11 "12 
r(S)        r(S) 

' T(N)        T(N)' 

g,,(t,n)   g12(x,n) 

,g2l(
X>n)      #22 (*>«). 

xn(t,w)   x12(r,co) 

x2l(t,(n)   x22(t,a) 
+ 

AV APT (22) 

«,(/,©) w,(x,Q)    H,(f,co)H2(x,Q) 

K2(f,C0)H,(T,fi)     n2(/,(D)M2(x,fi) 

r«e where 

A?{t,<s) = £,,(*,") *n(/,o) + g12(T,n) *i, (/,»); 

/£ > (t,») = g,, (x, n) xI2 (t, o) + g12 (T, n) x22 (f, to); 

^f(/,co) = g2l(x,n) xn(t,a>)+g22(x,n) *x21(/,co); 

J1
(f)(/,co) = «ia<a)Ml(T,Q); 

Ji
lP(t,o) = n1(t,0>)u2(T,ny, 

J%)(t,G>) = n2(t,<o)u1(x,Q):, 

jW(t,a) = n2(t,<o)u2(T,n). 

MaTpHua X0(f,co) B (22) 3aflaHa cooTHomeHHeM    Matrix X0(f,co) in (22) is given by 

X0(/,co) = u0(/,<o)°u*(T,fi) = 

(23) 

(24) 

/2('.<ö) 

'*„(/,©)      *12(f,C0) 

x21(f,co)   x22(f,co) 

(25) 

H, cjieaoBarejibHo, sjieMeHra x^t,®) B (23) on-    therefore, elements xv(t,(o) in (23) are 
peÄejisHOTCH BbipasceHHaMH written in the following way 

xu(t,(ö)= \jfl(t-x,(o-n)f'(x,n) dxda.; 

xn {t, co) = j]/2 (t - T, a) - n) ft (x, n) dxrfn; 

x12(r,co) = ^f(t -x,co-n) ft(x,n) dxdn; 

x22 [t, co) = JJ/2 (t - x, co - n) ft (x, o) rfxüto. 

B HfleajibHOM cjiynae, Koraa 30HßHpyiomnft In ideal case, when the sounding 
CHraan B (25) ynoBJieTBopneT cooTHonieHHio       signal in (25) satisfies the relation 

(26) 

X0(f,co) = u0(r,co)oU;(x,n) = 8(0,0) (27) 
1    0 

_°    l. 
sjieMeHTH x,j(t,<ü) B (26) paBHH the elements xv(t,a) B (26) equal to 

xu(r,co) = 8(0,0);   x2I(/,co) = 0;   x12(f,co) = 0;   x22(t,(o) = 8(0,0),        (28) 

a 3JieMeHTbi jfN)(t,(i)) cyrb «6ejibie» HeKoppe- whereas elements JfjN)(t,(£>) are white 
jiHpoBaHHbie ujyMbi, c paBHoft KOHeHHoft Mom- non-correlated noises with equal finite 
HocTbio. ßflH TaKoro cHraana, B cmry KOHCHHOö    power. Because of finite noise power in 

75 



CoeMecnwan oupHKa KoopdunarnHbix u noARpu3au,uoHHbtx napaMempoe PJI oöheicmoe 

MouiHocm uiyMOB B KaHanax cbopMHpoBaHHa ane- 
MeHTOB MaTpHHHOM (pyHKUHH OTKJIHKa oöieKra, 
BbipaxeHHe (22) nprowMaeT vm 

the channels of the MRFs elements for- 
mation, expression (22) takes the form 

J(/,co) = UZ(/,CO)°U*(T,Q) = 
Gz(t,n) X0((,co) 

gn(t»n)   £i2(
x>n) Jn(r,co)   Jl2(t,(o) 

J21(t,<o)   Ja(t,<a\ 
sG(/,<a), (29) 

nocKOJiwcy oraoiiieHHe «cHraaji-myM» B yica- 
3aHHbix KaHanax cTpeMHTca K 6ecKOHeHHocra. 

TaKHM o6pa30M, npoucnypa B3aHMHOH BeK- 
TopHon cBepTKM 30H,HHpyiomero H oTpaxeHHo- 
ro BeKTopHbix CHrHajroB no3BOjiaeT npoH3Becra 
TOHHyiO OUeHKy MaTpMHOH 4>yHKUHH OTIOIHKa 
npocTpaHCTBeHHO-pacnpeflejieHHoro HecTamio- 
HapHoro BO BpeMeHH o6T>eKTa, a 3Ha4HT TOHHO 
oueHHTb ero nojiapH3auHOHHbie H Koop/uiHaT- 
Hbie napaMeTpbi B Hepa3pMBH0H HX CBJHH, CO 
cTporHM yneTOM BeKTopHbix CBOHCTB arceicrpo- 
MaraHTHoro nojia. 

ripH npaKTHiecKOH peartH3auHH pan.Ho.no- 
KauHOHHofl CHCTeMH B cooTBeTCTBHH c anro- 
pHTMOM,   npeÄCTaBJieHHbIM   COOTHOIIieHHeM 
(22), uiHpHHa cneicrpa H annTejibHocrb 3onimpy- 
romero cHraana Bcer.na orpaHmeHbi. B cHJiy 3-Toro 
o6cTOHTejibCTBa cooTHOineHHH (28), onpe,nejia- 
roiUHe HeoßxoflHMbie KOppcnauHOHHbie CBOH- 
CTBa OpTOrOHaJIbHHX KOMriOHeHT BeKTopHoro 
30HflHpyioniero cnrnana, MoryT 6bm> Bbinoji- 
HeHM TOJlbKO B HeKOTOpOM npHÖJIHXeHHH 

since SN ratio in the given channels 
tends to infinity. 

Thus, the vector procedure of cross 
convolution of the sounding and reflected 
signals allows to correctly estimate the 
matrix response function of a spatially 
distributed time-fluctuating object, and, 
therefore, to precisely determine its pola- 
rization and coordinate parameters with 
rigorous account of the vector properties 
of electromagnetic field. 

In practice, spectrum width and du- 
ration of the sounding signal are always 
limited in radar systems implementing 
the algorithm described in (22). Because 
of this, the relations (28), which deter- 
mine the required correlation proper- 
ties of the sounding signal's orthogonal 
components, can be realized with a 
certain accuracy 

x„(T,n)= JJ/Jfr ffl)/J*(r-T,©-O) Arfo) => 6(0,0); 

x22 (T, n) = JJ/2 (t, co) f2 (t - x, co - n) dtda => 8(0,0); 

xn (x, a) = x'2[ (x, n) = Jj/; (t, co) jf2 (t - x, co - a) dtda => 0. 

(30) 

CoOTBeTCTBeHHO, OIieHKa MaTpHHHOH (pyH- 
KUHH OTKJIHKa Ha npaKTHKe npOH3BOflHTCH c He- 
KOTopoH OUIH6KOH no napaMeTpaM BpeMeHH 
npnxofla H floruiepoBCKOH nacTOTe. BejiHHHHa 
3TOH OIIIH6KH onpeflejiaeTCH UIHPHHOH raaBHoro 
jienecTKa o6o6meHHOH cpyHKUHH aBTOKoppejia- 

UHH cHraajioB y;(/,co). KaHecTBeHHbiH BHA cbop- 
MHpyeMOH OUeHKH MaTpHHHOH (pyHKUHH OTKHHKa 
npocrpaHCTBeHHO-pacnpeflejieHHoro HecrauHO- 
HapHoro o6T.eicra ana cnynaa KOHe^HOH nojiocbi 
nacTOT H KOHeMHofl ÄflHTenbHocTH 30HnHpyiome- 
ro cwrHana, ynoBJieTBopaiomero cooTHOiiieHHHM 
(30), noKa3aH Ha pnc. 5. 

Hence, the matrix response function 
estimate is found with some errors in 
time of arrival and Doppler frequency. 
The error values depend on the main 
lobe width of the generalized autocor- 
relation function of signals /(?,co). In 
diagram form, the desired MRF esti- 
mate of spatially distributed non-sta- 
tionary object is shown in Fig. 5 for the 
case of finite frequency band and du- 
ration of the sounding signal. 
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-M«,n) 

NL+SIX 

-.* 

T Noise + Side lobes 

PHC.  5.     IlpHMep OljeHKH MaTpHHHOH (jjyHKllHH OTTOIHKa PJIC npH 30HflHpOBaHHH 
IIPHO BeKTopHbiM cHraanoM c KOHCTHOH 6a3ow 

Fig. 5.    Estimation example of the matrix response function in a radar under sensing 
of a SDNO by vector signal with finite BT product 

4. B3aHMHan Ma-ronna HeonpeflejiennocTH 4. Mutual ambiguity matrix of 
30HAHpyiomero H OTpaaceHHoro BeKTopiibrx sounding and reflected vector 
CHmajiOB signals 

Bbiuie 6buia onpe^ejieHa npoueaypa onra- The optimum filtering procedure of 
MajibHOH (pHjibTpauHH OTpaxeHHoro BeKTopHO- the reflected signal againdt white non- 
ro CHrHajia Ha dpoHe 6enoH Heno^HpH30BaHHofl polarized interference (see (21)) has 
noMexn(cM. (21)). Be3 yneTa uiyMOBoro qjieHa J^ been defined above. Without taking JN 

BHpaxeHHe (21) HMeeT BH,a into account, (21) takes the form 

Jfoffl) = usfcffl)ou0(T,n) = G2(T,n)X0(f,o>) (31) 

H onpejtejiaeT cBepTKy MaTpH^Hon <PVHKII.HH and defines convolution of MRFs of the 
HeonpejejieHHOcTH 30HanpyK)iiiero curaana c sounding signal and scattering object. 
MaTpn4H0M (pyHKUHeH OTKJiHKa pacceHBaiomero Formally, (31) can be rewritten as fol- 
o6i,eKTa. OopMajibHO BbipaxcHHe (31) MOXHO lows 
nepenwcaTb B cjieflyiomeH (bopMe 

f4(T,n) = 
Gz(T,n) 0 

0       ; Gz(x,n) 

r"4(t.n) 

x*;a,co) = r4(x,fiK4 (?,(») = 

(*..(*> n) gn(l> o) 0 0 

i2i(t n) £22 (* a) 0 0 

0 0 in(t n) ii2(T a) 
{   o 0 gjlC* n) unit a) 

xu(t,<o)' 

X2l(t,(0) 

xn(t,a) 
yX12(t,G)) 

( gn(t,n) xu(t,a) + gn(z,n) Xll(t,a)) 

gn (T, n) xn (t, co) + g22 (T, a) x2l (t, co) 

g„ (T, a) i12 (f, a>) + gl2 (T, n) x22 (t, a) 

U21 (l>n) xn ((>°>) + £22 (T>n) *22 ('»»)) 

fV«) 

(32) 
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AHanorHHHO OÖIlienpHHHTblM nOHflTHHM TC- 
opHH cKanapHbix cHraairoB, (bopMHpyeMaa oueraa 
uarpmnoPi (pyHKUHH OTioiHKa oöteicra B (31) 
HBJIfleTCH B3aHMHOH MaTpHHHOft (pyHKUHeft Heo- 
npeaejieHHOCTH H3JiyneHHoro H orpaxeHHoro 
BeKTOpHbix CHrHanoB. B paMKax Teopnn JIHHCH- 
HOH «pmibTpauHH BbipaxeHHe (32) oiracbiBaeT 
npeo6pa30BaHHe 4-MepHoro BeicropHoro cuma- 
jia \x

0
4(t,(o) B JiHHeflHOM 4-MepHOM (pHjnvrpe, 

HMny^bCHaa xapaicrepHCTHKa KOToporo onucbi- 
BaeTca SJIOHHOH MarpHueH r*A(z,n). CxeMaTHH- 
Ho TaKaa o6pa6orKa 4-MepHbix BCKTOPHHX cwr- 
HajioB H3o6paaceHa Ha puc. 6. ripn STOM 3aaana 
oueHKH MaTpHHHoft (pyHKUHH OTioiHKa Gz(x,fi) 
SKBHBaneHTHa o6paraoH 3aflaHe oueHKH HM- 
nyjibCHofi «pyHKUHH JWHeftHoro (pmibTpa no pe- 
3yjibTaTaM HaSjiKweHHa BbixoflHoro cnraana npH 
H3BeCTHOM BXOflHOM CHraajie (pHJIbTpa. 

<t>opManbHO TpaKTOBKa npouecca (popMHpo- 
BaHHH oueHKH MOO pacceHBaiomero o6ieKTa 
CBOflHTca K oneayiomeMy 

By analogy with standard notions of 
the scalar signals theory, the final esti- 
mate of the object's MRF (31) is mutual 
matrix ambiguity function of the radiated 
and reflected vector signals. In the 
context of the linear filtering theory the 
expression (32) describe transformation 
of 4-dimensional vector signal x£4(f,co) 
in linear 4-dimensional filter, which 
impulse response is described by block 
matrix r*A(x,ci). In diagram form, such 
processing of 4-dimensional vector 
signals is shown in Fig. 6. Thus, the MRF 
estimation problem is equivalent to in- 
verse problem of estimation of a linear 
filter's impulse responce by observation 
results of the output signal with known 
input signal of the filter. 

Formally, the treatment of the MRF 
estimation of scattering object is reduced 
to the following. 

Xo4(f,CO) (',©) 

PHC. 6.   npouAirypa oueHKH MaTpn<moH 4>VHKHHH onoiHKa oöteicra, Kaie jiHHeHHOH 
4>HJibTpauHH 4-MepHoro BeKTopHoro CHmana 

Fig. 6.    Estimation procedure of the matrix response function of an object as linear 
filtering of 4D vector signal 

MarpHHHaH cpyHKuna HeonpefleneHHoero 30H- 
zrnpyioiuero cnmana HBjraercH annapaTHoft <byH- 
KUHeft rHnoTeiwtecKoro npH6opa, ero «OKHOM», 
nepe3 KOTopoe MM npocMaTpHBaeM HcraHHyio 
cpyHKUHK) OTioiHKa (M<t>0) o&beKra. TaKOH Me- 
TOfl oueHKH HMrryjibCHOH xapaicrepHCTHKH jiHHeii- 
Horo ycTpoHCTBa umpoKO Hcnojib3yeTca B JIKHCH- 
HOH pa^HOTeXHHKe.  npH 3TOM BXOflHOH CHman 
HMeeT uiHpoKHH cneKTp, a Bbrxo/moH cHman ycr- 
poHCTBa o6pa6aTHBaeTca B coniacoBaHHOM c BXQII- 
HbrM CHTHajioM cpmibipe. B cnyqae, Koma nmpHHa 
cneicrpa BXQirHoro cm-Hana paBHa HJIH Sojibine no- 
JIOCU nponycKaHH« aHanH3HpyeMoro JiHHeHHoro 
ycrpoHCTBa, BMXQUHOH CHman coraacoBaHHoro 
(pHJibTpa no (popMe 6JIH30K K HMnyjibCHOH xapaK- 
TepHCTHKe HccneayeMoro ycrpoHCTBa. 

AHanonmHaa TpaicroBKa npHMeHHMa H AJIH 
npoue^ypbi oueHKH MOOpacceHBarornero o&beKra. 
ITpH 3TOM ana flocTHxeHHH Heo6xoflHMoro Ka- 
MecTBa oueHKH, KpoMe TpeßoBaHHH onpeaejreH- 

The matrix ambiguity function of 
sounding signal is a hypothetical device 
function, i.e. its "window" through which 
we look the true response function of an 
object. Such estimation method of the 
impulse response of a linear device is 
widely used in linear radio engineering. 
In this case the input signal has wide 
spectrum, and the output signal is 
processed in the matched filter. If the 
input signal spectrum width equals or 
more than passband of the linear device, 
the output signal of the matched filter is 
close to the device's impulse response. 

The similar treatment is possible for 
estimation procedure of the scattering 
object's MRF. In this case, in order to 
achieve the desired quality of the esti- 
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Hott liiHpHHM cneKipa 30nmHpyiomero BeKTopHoro 
cwraana, Heo6xomiM HH3KHH ypoBeHb o6o6meH- 
Hoö B3aHMHofl KoppejiHUHH ero oproroHajibHbix 
no nojiflpM3amfH KOMnoHeHT. flpyraMH cjioBaMH, 
MaTpHMHaa (pyHKUMH HeonpeflejieHHOCTH 30HäH- 

pyiomerö BeicropHoro cHraana flonxHa Sbrrb xaK 
MOXHO 6ojiee &iH3Ka K Buoy MarpHMHoii ^ejibTa- 
CbVHKUHH 

mation, except for needed spectrum width 
of the sounding signal, it is required to 
obtain weak mutual cross-correlation of its 
orthogonal components. In other words, 
the matrix ambiguity function of the 
sounding vector signal should tends as 
much as possible to matrix delta function 

X0(x,n) = Juo(O®u0(/-x)-e^ => 5(0;0) 
1    0 
0   1 

(33) 

Matrix 5-function 

3aKJUOTemie 

B pe3yju>Tare aHanH3a 3aaaHH xoppeKTHOH 
OUeHKH KOOpflHHaTHWX M nojiapH3auHOHHbix 
CBOHCTB paÄHOnOKaUHOHHHX oG'beKTOB MOXHO 
caejiaxb cjieÄViouiHe BHBOAH: 

- aocroBepHaa oueHxa M<IHD npocTpaHCTBeHHO- 
pacnpeÄeneHHoro, HecrauHOHapHoro oöbeKra 
B03M0XHa TOJIbKO npH HCnCWb30BaHHH 30HÄH- 
pyiomero BeicropHoro CHTHana, MarpHHHaa <pyH- 
Kioia HeonpefleJieHHOCTH Koroporo 6jiH3Ka K 

Buoy MaTpHUbi ToxflecTBeHHbrx npeo6pa30Ba- 
HHM (MarpHHHafl 2x2 fleOT>Ta-4)yHKUHfl). IIpH 
OTOM MOO oobeicra 0flHO3HaMHO oToopaaca- 
erca BO B3aHMHoft MarpHiHOH (pyHKUHH Heo- 
npeaeneHHOcTH H3jryHeHHoro H orpaxeHHO- 
ro BeicropHbix cHraanoB PJIC, a TOHHOcTb 
4>opMHpyeMOH OUCHKH MOO onpe,aejiaeTca 
creneHBio OTJIHHHH MOH HMyneHHoro cnr- 
Hana or MarpHUbi ToamecTBeHHbix npeoöpa- 
30BaHHft; 

- B 3aaaMe onTHManbHoft oueHKH MarpHHHoft 
(pyHKUHH OTKJIHKa npocrpaHCTBeHHO-pac- 
npeaejieHHoro HecrauHOHapHoro o&beicra B 

npHcyrcTBHH «6ejioH» HenauapH30BaHHOH 
noMexn Heo6xoÄHMofl H flocraTOHHOH npo- 
ue^ypoH nepBHHHOH o6pa6oTKH orpaxeHHO- 
ro BeicropHoro cHraana aanacrca ero B3a- 
HMHaa MaTpHMHaa CBeprxa c BexTopHoft 
4>yHKUHen, coraacoBaHHofi c 30HzwpyJomHM 
BeKTOpHbIM CHIHaJIOM PJIC. 

Conclusion 

The problem analysis of correct esti- 
mation of coordinates and polarization 
properties of a Tadar object allows to 
conclude the following 
- reliable estimate of the matrix responce 

function of spatially distributed, non- 
stationary object is possible only with 
the use of sounding vector signal, 
which matrix ambiguity function 
(MAF) is close to the matrix of iden- 
tical transforrnations (matrix delta func- 
tion). In this case, the object's MRF is 
unambiguously represented in the mu- 
tual MAF of the radiated and reflected 
radar signals, whereas the estima- 
tion accuracy of the MRF is deter- 
mined by distinct of the radiated 
signals MAF from the matrix delta 
function; 

- in the optimum estimation problem 
of the MRF of spatially distributed 
non-stationary object against white 
non-polarized interference, the neces- 
sary and sufficient procedure of the 
primary vector signal processing is 
its mutual matrix convolution with 
the vector function matched with 
the sounding radar signal. 
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Pa6oma nocenwpm manujy 3KcnepuMeHmcuibHbtx 
daHHbix 30Hdupoeamui odnmcoe u ocadKoe Muicpo- 
eoAHoebiMU paduoAOKamopoMU u ux conocmamemm 
c meopemmecKUMU Modaumu. B peiyjibmame dmp- 
Mupyemai coeoKymocmb npumaicoe e eude noMpu- 
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The paper is devoted to analysis of expe- 
rimental sensing data of clouds and preci- 
pitation by microwave radars and their 
comparison with theoretical models. As a 
result, a features set of polarimetric vari- 
ables, which are necessary as a priori data 
for synthesis of processing algorithms of 
radar signals, is formed with the purpose 
to solve various applied problems, in 
particular, hail recognition 

BßcneHHe 

B nocneflHee BpeMH cymecTBeHHO B03poaiH 
Tpe6oBaHHfl K flocTOBepHocTH H Kaiecray o6ec- 
neneHHa MeTeopojiornraecKoft HHcpopMaiiHeft KaK 
SKHnaaca B03flyniHoro cyzrna, Taic a cjiyacG yn- 
paaneHHH B03,nyiiiHMM aBHxeHHeM (YB/J). 9TO 

CBjreaHO c npHHHTHeM ICAO HOBOH CHCTeMbi 
YBJ5 Air Traffic Management (ATM) B3aMeH cra- 
poH CHCTeMbi Air Traffic Control (ATC). C CHcre- 
MOH ATM TecHO CBH3aHa KOHuenuHH Free Flight, 
coraacHO KOTopow nHJioT nojiynaeT Gojibme CBO- 

öoflbi B Bbi6ope TpaeKTopHH nojieTa. Jljm peajiH- 
3anHH 3TOM KOHueniiHH 3Knna>K HyaqjaeTca B 

6ojiee fleTajibHofl H flocroBepHOH HHtbopMauHH 
o BO3MO^CHHX onacHocrax Ha npeanojiaraeMOH 
Tpacce, a Taoce B peKOMeHflaiiHHX no H36exa- 
HHK) 3THX OnaCHOCTeH. IloSTOMy PJin npHHHTOH 
o6ocHOBaHHbix pemeHHH npn Bbi6ope Tpaeicro- 
pHH nojieTa H coBepmeHHH MaHeBpOB Hapaay c 
pa3BHTHeM öopTOBbix CHCTCM npe,iiynpe>KaeHHH 
CTOJIKHOBeHHH H OnaCHOTO npHOJIIÜKeHHfl K 3eM- 
Jie Heo6xoflHMO pacuinpeHHe (pyHKUHOHaubHbix 
B03MO>KHOCTeM MeTeOHaBHTaUHOHHOH PJI CHC- 
TeMbi (MHPJIC) KaK aaTHHKa MeTeopojiornHec- 
KOH HHdpopMailHH H nOBblllieHHe flOCTOBepHOCTH 

Introduction 

During the last years, requirements 
to reliability and quality of the meteoro- 
logical data for aircraft crew and air 
traffic control services (ATCS) have 
essentially increased. It was caused by 
adoption of new ICAO system Air Traffic 
Management (ATM) instead of old 
system Air Traffic Control (ATC). The 
ATM system is closely connect with the 
Free Flight concept, giving to pilot more 
freedom in the flight path selecting. In 
order to implement this concept, aicraft 
crew requires more detailed and reliable 
information about possible dangers along 
the prospective route and recommenda- 
tions on avoidance of the dangers. 
Therefore, for well-grounded decision 
making in the flight route selection and 
manoeuvres it is necessary (along with 
development of anticollision and dan- 
gerous heights detection airborne sys- 
tems) to expand functionalities of wea- 
ther and navigation radar (WNR) as a 
sensor of weather data and to increase 
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oneparaBHHX aaHHHX 06 onacHbix MeTeopano- 
rHHecKHX HB^eHHax (OMH). IIosTOMy pa3BHrae 
pexHMa o6Hapy>KeHHa 30H rpana no paflnojioica- 
UHOHHMM flaHHHM HBflHeTCa 3aaaHeM nepBocre- 
neHHOM BaXHOCTH. 

YcraHOBneHHe KOJimecTBeHHbix CBH3eft MOK- 

ny HH^opMaTHBHHMH napaMerpaMH (HIT) 3X0- 
cHraanoB H cocroamieM pacceHBaiomero o&beic- 
Ta - oflHa H3 cjioacHbix npoöjieM ÄHcraHimoHHoro 
30HÄHpOBaHHH. fljlfl TOTO HT06bI OnpCHeJIHTb 3TH 
CBH3H B npHMOM SKCnepHMeHTe, 30HÄHpyeMbIH 
o6beKT flOJixeH 6biTb flocryneH ana ynpaB^e- 
HHH. OflHaKO B öojibuiHHCTBe cjiyqaeB perneHHe 
TaKOH 3aj1a.HH conpaaceHO c HenpeoaojiHMHMH 
TPYäHOCTHMH. KaK npaBHJio, TaKaa cnryaiiHH 
B03HHKaeT npH 30HflHpOBaHHH oßjiaKOB H ocafl- 
KOB c noMOiubio 6opTOBoro HJIH Ha3eMHoro pa- 
HHOJioKaTopa. HeKOTopbie BaxcHbie npaKranec- 
KHe pe3yjibTaTbi Moryr 6biTb nojiyneHbi, ecjm 
coqeTaTb aHajiH3 3KcnepHMeHTaJibHbix aaHHbix 
C MaTeMaTHieCKHM H HMHTaUHOHHblM Moaera- 
poBaHHeM [1], [2]. B naimoVi paöoTe OCHOBHOH 

aKueHT caejiaH Ha aHanH3 SKcnepHMeHTajibHbix 
aaHHbix, KOTopbie conocTaBJifliOTca c pa3pa6o- 
TaHHbiMH paHee MOflejiaMH. 

XapaKTepHCTHKa Aaimbix 

B pa6oTe o6pa6oTaHbi H npoaHajiH3HpoBa- 
Hbi aaHHbie, nojiyneHHbie B pa^e He3aBHCHMbix 
H3MepeHHH, BbinOJIHeHHblX B pa3JIHHHbIX ycjio- 
BHHX. OcHOBHblMH HCTOHHHKaMH HCXOflHHX 3K- 
cnepHMeHTartbHbix flaHHbix HBJianHCb: 
- HCCJieflOBaHHH o6jiaKOB H  OCaflKOB,  BbinOJI- 

HeHHbie B 1996-2001 IT. B HnnepJiannaxB Meac- 
ayHapoflHOM Hcc^eflOBaTejibCKOM uempe 
flejibcpTCKoro yHHBepcHTeTa TexHOJiorHH 
(IRCTR TU Delft) c noMombio nojiapHMer- 
punecKHX paflHOJioKaTopOB DARR H TARA, 
paöoTaroiuHx B S-ÄHana30He (X = 9,05 CM), B 

paMKax floroBopa o coTpynHHiecTBe Meacny 
HaUHOHaiTbHbIM aBHaUHOHHHM yHHBepcHTe- 
TOM (HAY) H TU Delft; 

- nojiapH3auHOHHbie H3MepeHna B KyneBO-flcac- 
aeBbix o&iaKax, npoBOAHBiimeca B 1989-1991 rr. 
B MojiaaBHH c noMombio PJI nojiapHMeTpa 
X-flHana30Ha (X = 3,2 CM), nepeaaHHbie MOJI- 
naBCKOH cnyxcobft no aicraBHOMy B03neHCTBHK> 
Ha ntupoMeTeopojiorHHecKHe npoueccbi; 

- pe3yjibTaTH H3MepeHHft nojiapH3aimoHHbix 
paaHO^OKaUHOHHHX oTpaxeHHfl, ony5jinKo- 
BaHHbie B jiHTepaType; B qacTHOcra, nojiy- 
qeHHbie B POCCHH B UempajibHOH aspojio- 
ranecKOH o6cepBaTopHH (UAO) B paara^Hoe 
BpeMa, B TOM HHCJie c noMombio 6opTOBoro 

the reliability of current data on dangerous 
weather phenomena (DWP). That is why 
the hail area detection by radar data is a 
problem of vital importance. 

Determination of quantitative rela- 
tions between informative parameters 
(IP) of echo signals and state of scat- 
tering object is one of the complex prob- 
lems in radar remote sensing. To reveal 
these relations directly in experiment, the 
sounded object should be controlable. 
However, in the most cases the problem 
solution is hardly to perform. As a rule, 
such situation appears in remote sensing 
of clouds and precipitations with the use 
of airborne or ground-based radar. Some 
important practical results can be ob- 
tained while combining analysis of 
experimental data with mathematical 
and PC simulation [1], [2]. In the given 
paper, we place the emphasis on analysis 
of experimental data, which are com- 
pared with models designed earlier. 

Data description 

The data obtained in a series of inde- 
pendent measurements in various con- 
ditions were processed and analysed. The 
basic sources of initial experimental 
datas were 
- research of clouds and precipitations 

(1996-2001) in the International 
Research Centre (IRCTR TU Delft, 
the Netherlands) with the use of 
polarimetric S-band (A.=9,05 cm) 
radars DARR and TARA, within the 
framework of cooperation contract 
between Natioanl Aviation Univer- 
sity (NAU) and TU Delft; 

- polarization measurements in cumulo- 
nimbus carried out in 1989-1991 in 
Moldavia with the use of X-band (X= 
3,2 cm) radar polarimeter, which 
were transferred by Moldavian service 
on active influence on hydrometeo- 
rological processes; 

- measurement results of polarization 
radar echo-signals published in 
literature; for example, data obtained 
in Central Aerologie Observatory 
(CAO), Russia, during various 
periods, including data obtained by 
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dKcnepuMehtnaAbHue ucaiedoeaHua nojwpu3au,uoHHbix xapaxmepucmuK 

nojiHpHMeTpjwecKoro paflHOJioKaTopa, pa3- 
pa6oTaHHoro COBMCCTHO cneuHajiHCTaMH 
U.AO, HAY H KweBCKoro HMH «BypaH», 
a Taoce aaHHbie PJ1 H3MepeHHM BO O/iopH- 
ae H Kojiopaao (CEIA), BbinojmeHHbix B 1998 
H 2000 rr. c noMombio KorepeHTHo-HMiryjibc- 
Horo nojiapHMeTpHHecKoro paflHojioxaTopa 
S-Pol. 

nojiflpHMeTpmecKHe H3MepaeMwe 
nepeMeiiHbie 

riyCTb S . — SJieMeHTbl KOBapHailHOHHOH Mar- 
pHUbi o6paTHoro pacceflHHH, we HHfleKCbi 060- 
3HaMaioT nojiapH3auHK) npHHHMaeMoft H na^a- 
romeft BOJIHH H MoryT npHHHMaTb 3HaneHH5i 
r=h;v, i=h;v. Ejiaroflapa B3aHMHOcra, sh=svh, 
nosTOMy TeopeTH^ecKH KOBapHauHOHHaa MaT- 
pHUa CBOflHTCfl K pa3MepHOCTH 3x3. YHHTblBaH 
npaKTHHecKoe 3HaMeHHe jiHHeMHOii opToroHanb- 
HOH nOJlHpH3aUHH, OrpaHHHHMCH JIHIIIb JIHHeM- 
HHM no^HpH3auHOHHHM 6a3HCOM, npaKranec- 
KH      He      TepKH      06IHHOCTH.       OcHOBHbie 
nojiflpHMeTpmecKHe H3Mep»eMbie nepeMeHHbie 
MOXHO Bbipa3HTb qepe3 sri cJie/jyioiirnM o6pa30M. 

PaflHO^OKauHOHHaa oTpaacaeMOCTb (PO) npn 
ropH30HTanbHOM (//) H BepraicajibHOH (V) no- 
JIflpH3aUHflX 

45l4 

airborne polarimetric radar jointly 
designed by experts of CAO, NAU 
and Kiev Rresearch Institute "Baran", 
and also data of radar measurements 
in Florida and Colorado (USA), 
carried ume in 1998 and 2000 with 
the rse of coherent-pulse polarimetric 
radar S-Pol. 

Polarimetric measurables 

Let s are elements of the covariance 
backscattering matrix. The superscripts 
denote received and incident waves po- 
larization and take on the values r=h;v, 
i=h;v. Due to the reciprocity theorem, 
the covariance matrix is a 3x3 matrix. 
Taking into account practical value of 
linear orthogonal polarization, let fur- 
ther consider only linear polarization 
basis without loss of generality. The basic 
polarimetric measurables can be expres- 
sed through sri as follows. 

The radar reflectivity (RR) at ho- 
rizontal (H) and vertical (V) polariza- 
tions 

4V 

n4\K\ 
rKl2}>  V^-T^KI

2
) 7t4|4 

rfle X - AJiHHa BOJIHH, K— KOMiuieKCHbift Koacb- 
(pHUHeHT npejioMJteHHH BemecTBa pacceHBaTe- 
jifl (| K\2 = 0,93 ana BOflbi H 0,19 äJIH Jibfla). 

il,H(p(pepeHUHaribHaa OTpascaeMocrb (ßß) 

where X is wavelength, K is complex 
refraction index of scatterer substance 
(| K |2 = 0,93 for water and 0,19 for ice). 

The differential reflectivity (DR) 

:1010g1 

jmHeHHoeflenorapH3airHOHHoeoTHonieHHe(JTIl,0)    the linear depolarization ratio (LDR) 

LDRhv = lOlog j^£ = LDR* = lOlogj^- = LM. 

KoppejiHUHOHHWH K03(p(pMUHeHT npw Hyjie- The correlation coefficient at zero 
BOM cflBHre shift 

ff\\ \SwShh) 

U,H(b(pepeHUHajibHaa dma (fl<X>) The differential phase (DP) 

<l>D^=<t>«-<t,f > 
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rue §H — 4>a3a OTpaxeHHoro CHraajia npH ro- 
pH30HTanbHoft, a<|)K-npHBepTHKajibHoft no- 
napH3aUHHX. FIOCKO^bKy pa3HOCTb 4>a3 3aBHCHT 
OT aanbHOCTH, Ha KOTOpoft HaxoflHTCH pacceH- 
Barejm, TO O6HHHO Hcnojib3yioT yaejibHyio äH<P- 

4>epeHUHajibHyio <ba3y (YR®) 

KDP ~ 
_$DPW- 

where (ji^and §v are phases of the ref- 
lected signal at horizontal and vertical 
polarizations. Since the phase difference 
depends on scatterers range, usually the 
specific differential phase (SDP) is used 

2(R2-RX) 

rae R H R2 — .najibHocrb ao ABVX pa3peuiaeMbix    where R{ and R2 are distances to two 
o6ieMOB (R. > R.). resolution cells (R2 > Ä,). 

3KcnepHMeirrajibHaa npoBepxa 
ajieKBaTHOCTH Moaejieu 

fljia npoBepKH aneKBaTHocTH Monejieft [1], [2], 
no KOTOpbIM paCCHHTblBaJIHCb flO ZßR H JlflO LDR, 
Hcnojib30BajiHCb pe3y^bTara 30HaHpoBaHHa W»K- 

äH aiaSoH H yMepeHHoft HHTeHCHBHOcra c noMO- 
IUMO paUHOJIOKaUHOHHOÖ CHCTCMbl TARA [3]. 

ripH H3MeHeHHH ynia HaiOIOHa aHTeHHH H 
aanbHOCTH axo-curHajiM npHxoflHT OT paamroHbix 
30HflHpyeMbix o6i>eMOB, Koropbie Moryr HMen. 
pajJDWHbie nojraproauHOHHbie cBoöcTBa. B OTOM cny- 
nae Her nojmoft yBepeHHocTH, mo H3MeHeHHH Bbi3- 
BaHbi H3MeHeHHHMH yTJia HaioioHa aHreHHbi, a He 
T6M, vro pacceHBarejiH HMeior pa3Hbie ncwwpH3a- 
UHOHHbie CBOHCTBa. IloSTOMy OTH 06pa6oTKH 6bUIH 
Bbi6paHH o&beKTbi, HMeiomHe HaH6ojiee oflHopoÄ- 
HVK) cTpyicrypy B objibiirax oöbeMax npocrpaHCTBa 
— o6jio)KHbie ocaflKH. 3TO ncoBonaer noxryiHTb 3a- 
BHCHMocTb H3MepHeMbK nojiHpH3auHOHHbix napa- 
MerpoB OT yrjia HaioioHa aHTeHHbi. 

The experimental check of models 
adequacy 

To check the adequacy of models [ 1 ], 
[2], which were used for DR and LDR 
calculations, the sounding results of light 
and moderate rain obtained by radar 
system TARA [3] were utilized. 

Under changing the antenna elevation 
and objects range, the echo-signals are 
received from various sounded volumes, 
which may have different polarization 
properties. In such case, it is impossible 
to ensure that the changes were caused by 
changing the antenna elevation rather 
than different polarization properties of the 
scatterers. Because of this, we have chosen 
such objects, which have the most homo- 
geneous structure in large spatial volumes, 
as widespread precipitations.lt allows to 
deduce dependence of the measured po- 
larization parameters on the elevation. 
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PHC. 1.  PaccwraHHMe H H3MepeHHbie 3HaHeHHH flO H JlflO 
Fig. 1.    Calculated and measured values of DR and LDR 

AjiropHTM o6pa6oTKH flaHHbix (aoiuiepoB- 
CKHe cneicrpbi) BKJiKraeT oueHKy oTpaxaeMO- 
CTH ZH nOJIHpH3aUHOHHbIX XapaKTepHCTHK Zj.R 

H LDR npH 3ajaHHOM 3HaneHHH ynia Mecra 9; 
OUeHKy HHTeHCHBHOCTH WXM H MeÄHaHHOTO 

The data (Doppler spectra) processing 
algorithm includes estimation of the ref- 
lectivity Z and polarization parameters 

LnK for the given elevation 8; ZmzaA 
estimation of rain intensity and mean 
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SKcnepimeHmajibHue ucaiedoeaHW nonsipu3au<uoHHbix xapaicmepucmuK 

.HHaMeipa D0 Kanejib; pacneT nojiHpH3an;HOHHbix 
napaMeTpoB   ZDR(Q) n Lm(6) coraacHo pa3pa- 
60TaHHMM  MOfleJISM  npH  3HaMeHHHX  0  H  D0, 
oueHeHHHM no flaHHWM SKcnepHMeHTa; cono- 
craBJieHHe H3MepeHHbix H paccHMTaHHbix Bejin- 
4HH ZDR H LDR. Pe3yjibTaTbi pacMeTOB npeflcraB- 
JieHbl Ha pHC. 1 CnJIOUIHHMH KpHBbIMH, TCMKaMH 
o6o3HaneHbi pe3yjibTaTbi oneHOK Henocpefl- 
CTBeHHO no AaHHbIM paÄHOJlOKaUHOHHOrO 30H- 
AHpoBaHHH npn 6 =10, 15, 30, 45 H 90°. 

CooTBercTBHe Teoproi .naHHMM 3KcnepHMeHTa 
HCHO BHflHO H3 3THX rpaCpHKOB. 

H3MepeiiH» oAnoKaiiajibiibiM 
paAHOJiOKamiOHHbiM nojwpHMeTpoM 

B paöoTax [4], [5], [6] npeaciaB^eHW ropn- 
30HTaiTbHbie H BepTHKärtbHbie npOlpHJIH 30HÄH- 
poBaHHfl xcHflKHX oca^KOB, npoBOflHBiiieroca c 
npHMeHeHHeM oflHOKaHajibHoro noflBH^CHoro 
cTpoÖHpoBaHHa. Bo BpeMa araeicrpHHecKHX pa3- 
pauoB Ha6jnoflanncb cKama* flO, Bbi3BaHHbie H3- 
MeHeHHeM opneHTauHH HecrbepHHecKHX nojiH- 
pH30BaHHbix paccenBaTejieft nofl aeftcTBHeM 
CHJibHoro ajieKTpHHecKoro nojia. AnnpoKCHMa- 
UHH coBMecTHoro pacnpeflejieHHH PO H JIRO 
rayccoBHM pacnpe/iejieHHeM noKa3aHa Ha pnc. 2. 

diameter of drops; calculation of pola- 
rization parameters ZDR(Q) and Lm(Q) 
according to developed models with 0 
and D0 values found in the experiment; 
comparison of measured and calculated 
values of ZDR and Lm The calculation 
results (firm lines) is shown in Fig. 1, 
whereas points denote the experimental 
data estimates obtained at 8=10, 15, 30, 
45 and 90°. 

The theory conformity with experi- 
ment data is evident from the diagrams. 

Measurements by single-channel 
radar polarimeter 

In works [4]-[6], the horizontal and 
vertical sounding profiles of fluid precipi- 
tations are presented, which were carried 
out with the use of single-channel sliding 
gating. During electric discharges, there 
were observed sudden DR changes caused 
by the orientation change of non-spherical 
polarized scatterers influenced by strong 
electric field. Approximation of joint RR 
and LRD distribution by Gaussian law 
is shown in Fig. 2. 

LDR 
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PHC. 2.   UBVMepHbie pacnpefleJieHHH B BH«e KOHTVPHOM «HarpaMMM, (a) - äO>KOT> 6e3 rpa^a, (b) - 
rpan 
Bivariate distribution as a contoured map, (a) rain without hail, (b) hail 

Measurements by two-channel 
polarimeteric radar 

Fig. 2 

Ü3MepeHHfl flByxKanajibHWM 
nojrapMMeTpHiecKHM pamiojioKaTopoM 

HcxoflHbie flaHHbie H3MepemiH, BbinojmeHHbrx 
c noMoinbio flByxKaHajibHoro nojiapHMeTpa [7] 
npeflCTaaJiaiOT CO6OH pacneqanai MaTpmi, coflep- 
xauiHX 32 3JieMeHTa no ropH30HTajin H 31 ane- 
MeHT no BepTHKanH. B npeanonoaceHHH, HTO no- 
jiHpH3auHOHHbie HHcpopMauHOHHbie napaMerpbi 

The raw measurements data obtained 
with the use of two-channel polarimeter 
[7] are listings of 32x31 data matrices. 
Supposing that polarization informative 
parameters are characterized by smooth 
probability distribution function (PDF), 
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xapaicrepH3yK)TCfl raaflKOH IUIOTHOCTMO pacnpe- 
aeneroiH BepoarHocreH (I1PB), npH aHawöe ,naH- 
HBK [8] npHMeHeH Merofl «wepHbrx (kernel) oue- 
HOK I1PB c Hcno^b30BaHHeM noTemuiaJibHHX 
4>yHKunö. 

the data analysis [8] was performed with 
using the method of nuclear PDF esti- 
mates in view of potential functions. 

PHC. 3.   flaepHtie ouemai TUIOTHOCTH BepoHTHOCTH coBMecTHoro pacnpeflejierow flO w JlflO gnu 
aojKaeBbix rpanoBbix o&iaxoB 

Fig. 3.    Kernel estimates of probability density of DR and LDR simultaneous distribution for rain- 
hail clouds 

IlpHMeHeHHe npoeiarjioHHhix oueHOK c ra- 
yccoBUMH HapaMH o6ecneHHBaeT nojiyneHHe 
ruiaBHbix oueHOK IIPB noJwpH3ainioHHbix xapaK- 
TepHCTHK flaace no ManwM BHoopKaM. 

H3MepeBDM]i KorepeHTHO-HMnyjibCHUM 
paHHOJIOKOTOpOM 

B oTOHHHe OT PO, flO H HflO, nojiapH3auH- 
OHHHH napaMeTp fl<£> §Dp CBH3aH c ocooeHHoc- 
THMH pacnpocrpaHeHHfl paoHOBom B cpeae. npH 
pacceaHHH Ha ntapoMexeopax MoxeT B03HHKarb 
aonojiHHTenbHbift flHdpdpepeHUHajibHHH (pa30BWö 
cffBHr (<() ), cBH3aHHMH He c pacnpocrpaHeHH- 
eM, a c pacceaHHeM. 06HHHO OH oöycjioaneH pac- 
ceHBarenaMH 6ojn>inoro aHaMeipa. BenHMHHa <(» 
BHOCHT BKiiafl B nojiHvio H3MepHeMyio J\(t>. rio- 
3T0My H3MepeHHbie Be^HqHHH 6yayr 6ojibine 
Hyjia, aaxe earn Bee pacceHBaTenH HMeror crpe- 
pHHecKyio (bopMy, HO cpeflH HHX npHcyTCTByror 
KpynHbie Hacrauhi, pacceHBaioujHe B oöjiac- 
TH MH. B pa6oTe [9] yica3biBaeTCH, HTO <(>  He 
TOJIbKO BJIHfleT Ha ifDp, HO H cHHxaer Be^HMHHy 
K03fp(pHUHeHTa  B3aHMHOH  KOppeJIHUHH   (KK) 
p/iv(0). JUaHHHe H3MepeHHH VJ\<& KDP, KK H apy- 
rax nojispHMeTpHHecKHX xapaicrepHCTHK, no- 
jiyneHHbie c noMomwo paflHOJioicaTopa S-pol B 

BHfle   KaflH6pOBaHHbIX   paflHO^OKaUHOHHblX 
H3o6paxeHHH [10], 6HJIH Hcnojib30BaHH juw 
aHajiH3a H conocTaaneHHH c nojiyteHHHMH pa- 
Hee pe3yjibTaTaMH. 

The application of projection esti- 
mates with Gaussian nucleus provides 
the smooth PDF estimates of polarization 
parameters even for short samples. 

Measurements by coherent pulse 
radar 

Unlike RR, DR and LDR, the 
differential phase §Dp is connected with 
pecularities of wave propagation in 
medium. The hydrometeors scattering 
can lead to additional differential phase 
shift ((t>o) stipulated by scattering, not 
propagation. Usually it is caused by 
scatterers of larger diameter. The value 
of (|>o contributes to the measured DP. 
Therefore, the measured values will 
differ from zero even if all scatterers 
have the spherical shape, but there are 
large scattering particles (Mi domain) 
among them. It is pointed out in [9] that 
<|) influences §DP and also reduces the 
cross-correlation coefficient p^O). The 
measurements data of SDP KDp, CC and 
other polarimetric parameters obtained 
by S-pol radar in the form of radar 
images [10] have been used for analysis 
and comparison with earlier obtained 
data. 
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OöcyjKneiiHe pe3yjibTaT0B H BMBOAM 

IlpH nOJTapHMeTpHHeCKOM paflHOJIOKaUHOH- 
HOM 30HflHpoBaHHH MeTeopojioraiecKHX o6teK- 
TOB xapaicrepHCTHKH o6paTHoro pacceaHHH OT- 

JlHiaiOTCH Äfia ropH3OHTaJIbH0 H BepTHKajIbHO 
nOJlflpH30BaHHMX 3OH0HpyiOmHX HMIiyjIbCOB. Ila- 
paMeTp JXO He BHXOäHT 3a npeflejibi flHana30Ha - 
2+5 flB. ITpH 30HÄHpOBaHHH, 6J1H3KOM K TOpH30H- 
TanbHOMy, Haramie BemraiH ,11,0, 3HaHHTejibHo 
npeBbiiuaromHx 0 aß, cBHueTejibCTByeT o npeHMy- 
meCTBeHHOM npHCyTCTBHH CriJHOCHyTblX THflpO- 
MeTeopoB. npeHMymecTBeHHoe HanmHe cdpepw- 
qecKHX rHflpoMCTeopoB o6ycjioBJiHBaeT 6jM3KHe 
K Hyjuo BejiHMMHbi ßp, a oTpHuarejTbHbie H3Me- 
peHHbie BeJIHMHHH ßO CBHfleTeJIbCTByiOT 06 OT- 
paxeHHH OT BHTHHyTbix nwpOMeTeopoB. 

Cjie^yeT 3aMeraTb, HTO ,1(0, H3MepeHHaa B 

o6T>eKTe, cocTomueM H3 cwtecH paannwHoro rana 
ruflpoMeTeopoB, 0Ka3braaeTCH CMeineHHOH B CTO- 

poHy OTo6pa>KeHHa cbopMbi xex rawpoMeTeopoB, 
KOTOpbie xapaicrepH3yiOTCH 6ojibiueü orpaacaeMO- 
CTbK). ri03TOMy B CMeCH HCMJW H ipOfla M3MepeH- 
Haa ßO OKa3biBaeTCH 6xin»ce K 3HaHeHHK>, KOTO- 

poe 6bUio 6bi B cjiynae rpana. Sha oco6eHHOcn. 
3aTpyflHaeT pa3,nejieHHe rpafla H ciuecn npw MC- 

nojn>30BaHHH jiHiiib napw napaMeTpoB PO H ßO. 
CymecTBeHHbie omwma npw paflHOJioKauHH 

rpafla H aoxflfl o6ecneqHBaeT napaMeip JmO. Pe- 
3yjibTaTbi 3KcnepHMeHTa noKa3WBaioT aaace 6ora>- 
uiHe onnroiH B 3HaHem«rx UDO Möiory o&beicra- 
MH c rpafloM H 6e3 rpaaa, HCM pe3yjn>TaTbi pacneroB. 
3TO CBHfleTeJibcrayeT, HTO napaMeTpu MoaeJiefl 
anH rpana 6buiH Bbi6paHbi c npe3MepHOH OCTO- 

pojKHOCTbio. OöbeKTbi c rpaaoM xapaKrepM3yK>TCH 
DOJIbUIHMH 3HaHeHHHMH JlflO, HeM flCBKflb, H3-3a 
HenpaBHJlbHOCTH dx>pMM H XaOTOHeCKOH opHeH- 
•rauHH. 3TO o6ecneHHBaeT npeHMymecTBa JlßO KaK 
Hü. OflHaKO npoojieMOH flBJiaeTca H3MepeHHe 
Majibix 3HaieHHH JIJJP OT cnaöoro ppxw- 

HajiHHTHe KpynHoro rpa^a conpoBoamaeTCH 
OHeHb BbICOKHMH 3HaHeHHHMM PO, 6jlH3KHMM K 
HVJIIO, wm oTpHuaTejibHbiMH 3HaneHHHMH ßO, a 
raiOKe 3HaneHHHMH KK, B cpe^HeM 6ojiee HH3KH- 

MH, HeM JIM ROXM- KpynHbift rpaa MoaceT Bbi3- 
Barb 3HaMHTejibHoe ocnaojieHHe cnraana. B TaKHX 
cnyqaax HaojnoflaeMbie BejiHMMHbi YflO n KK non- 
XCHH HCnOJlb30BaTbCH C OCTOpCBKHOCTHO. BT&6JI. 1, 
cocraBneHHoft Ha ocHOBe aHajiH3a aaHHbix c yne- 
TOM pe3y^bTaTOB pacHera H McwejiHpoBaHHfl, cx»- 
6paHbi cBeaeHHH o xapaicrepHbix 3HaHeHH3x IMTH 

ocHOBHbix nojwpH3auHOHHbrx napaMerpoB, KOTO- 

pbie Moryr o6ecneHHTb 3(p4>eicrHBHoe Hcnojib3o- 
BaHHe nojwpHMeTpHiecKoro paflHOJioKaTopa äJIH 

KJiaccH4)HKauHH no THnaM rawpoMereopoB. 
riojiHpHMeTpHHecKHe H3MepHeMbie nepe- 

MeHHbie MOryT 6bITb HCnOJIb30BaHW COBMeCTHO 
c PO Ana pacno3HaBaHHH rana rHapoMeteopoB. 

Discussion of results and conclusion 

Under polarimetric radar sensing of 
weather objects, the backscattering 
characterisitcs are different for horizon- 
tally and vertically polarized sounding 
pulses. The DR parameter lies inside the 
range -2+5 dB. With near horizontal 
sounding, DR values, which conside- 
rably exceed 0 dB, points to preferred 
presence of oblate-shaped hydrometeors. 
The preferred presence of spherical hydro- 
meteors causes DR close to 0 dB, and 
the negative values of DR are evidence 
of reflection from prolate hydrometeors. 

It should be noted that DR measured 
for object consisting of mixture of various 
hydrometeors is shifted aside the shape 
representation of those hydrometeors, 
which are characterized by the larger 
reflectivity. Therefore, the DR value 
measured for mixture of rain and hail 
is closer to value which would be in case 
of hail only. This feature make difficulties 
for distinguishing hail and the mixture 
by only pair of RR and DR parameters. 

LDR provides essential differences in 
radar sensing of hail and rain. Results of 
experiment show even larger differences 
in LDR between weather objects with 
and without hail than the calculations 
results. It testifies that the models 
parameters for hail have been chosen 
with excessive care. Weather objects with 
hail are characterized by larger LDR than 
rain because of irregular-shaped particles 
and their chaotic orientation. So that 
LDR has advantages as informative 
parameter. However, there is a problem 
with LDR measuring for light rain. 

The presence of large hail is accom- 
panied by very high RR values, DR 
values, which are close to zero or nega- 
tive, and CC values, which are lower, 
on average, than for rain. The large hail 
can cause essential attenuation of signal. 
In such cases, the observable SDP and 
CC values should be used with a care. 
Table 1 includes the calculation and 
simulation results and presents typical data 
on five basic polarization parameters, 
which can provide an effective operation 
of polarimetric radar for hydrometeors 
classification. 

The polarimetric measurables can be 
used together with RO for recognition 
of the hydrometeor types. 
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Table 1 

Hydrometeors Z, dB ZDR,<XB £Z>fi,dB Pftf(P) Jr^o/km 

flo»ab (rain) 25 ... 60 0,5 ...4,2 -35 ... -15 0,97 ... 1 0... 10 
Tpan (hail) 48 ...70 -2 ... 0,5 -20 ... -5 0,95 ... 1 -1,5... 1,5 
CMecb (mix) 48 ...70 -1,2... 1,2 -21 ... -8 0,87 ... 1 0... 10 

MoacHO TaioKe npcunojioaomb, HTO OHH MO- 

ryr 6biTb nojie3Hbi pjm pacno3HaBaHHH HeMeTeo- 
poJioniHecKHX (HanpHMep, ÖHOjiormfecKHx) pac- 
ceHBaiejieH. H3MepeHHH nojuipH3aHHOHHbix 
napaMeTpoB cymecroeHHO pacmnpHioT B03Moac- 
Hocra paimo^oKauHOHHbix cpe^cTB npn o6Hapy- 
xeHHH rpajioBbix onaroB H 30H o6jieaeHeHHH ca- 
MOJieTOB. 

We can also assume that they can 
be useful for recognition of not weather 
(for example, biological) scatterers. The 
measurements of polarization parameters 
essentially expand abilities of radar 
systems while detecting hail area and 
aircraft icing zones. 
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Onucan Memod ducmmufioHHOzo onpedaieuun na- 
pcmempoe opuenmanuu KpucmaMutecKux Aedsmux 
tacmuu. e o&iaicax eepxuezo apyca c noMoufbto ew- 
cormoeo nonnpmanuonmzo Audapa. Oöcyxdaiom- 
cn peaynbmamu MHozanermux uccnedoeamü. 

Hjia peuieHHH MHorax 3anaH <J)H3HKM amoc- 
<pepbi H MeTeopojioraH (HanpHMep, ana pacneTa 
paflHauHOHHoro 6anaHca arMocdpepbi) Heo6xo- 
AHMa o&beKTHBHaH HHCpopMauHH o6 onTHiec- 
KHX xapaicrepHCTHKax o&iaKOB BepxHero apyca. 
OmwiecKHe MonejiH KanejibHbix o&iaxoB pa3- 
paÖOTaHM flOCTaTOHHO XOpOlIIO.   ECTb  MOfleJIH 
KpHCTaJUlHHeCKHX o&iaKOB c xaoTHMecKH opH- 
eHTHpOBaHHWMH HeCCpepHHeCKHMH HaCTHliaMH. 
OflHaxo onraqecKHe CBOHcrea o6jiaKOB, npen,- 
cTaBJicHHUX npeHMymecTBeHHO opHeHropoBaH- 
HWMH KpHcranjiaMH Jibfla, Mano H3yqeHbi. 3TO 

cBH3aHo c TeM, MTO o6maa TeopHa pacceaHHa 
aneicrpoMarHHTHWx BOJIH Ha aHcaMOJiax KpHc- 
TajinoB ÄO Hacroamero BpeMeHM He co3flaHa, H HCT 

nojiHofl (pH3HiecKoft MOflejiH MHKpocrpyKrypM 
KpHcrajuiHHecKHX OOJKUCOB BepxHero apyca. 

HeccpepHHHOCTb H opHeHTauwa Macrau npH- 
BOflaT K BhipaxeHHOH aHH30TponHH pacceaHHa 
cBeTa, Koropaa B oxaejibHbix cnynaax npoaana- 
eTca B Buwe H3Becraux aHOManbHbix onranec- 
KHX BBJieHHH (jIOJKHbie CoJIHUa, CTOJl6bI H T.fl.). 
ripOCTpaHCTBeHHyK» OpHeHTaUHK) MHKpOHaCTHU 
B aTMOC(pepe KOHTaKTHHMH MeTOflaMH H3MepHTb 
HeB03MoxHo. UpHOopbi, ycTaHOBJieHHbie Ha jie- 
TaTenbHMX annapaTax, Moryr perncTpHpoBaTb 
KOJiH^ecTBO nacTHU B eflHHHue o&beMa, (popMy, 
Maccy, ajieicrpHHecKHH 3apaa. OflHaxo npH 3a6o- 
pe npo6 aTMOccpepHoro B03,nyxa HH(popMauHa 
06 opHeHTaHHH Hec4>epHMecKHX lacrau Tepa- 
eTca 6eccjieflHO. B HacroameM floicjiafle onncbi- 
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A method of remote measurement of orien- 
tation parameters of crystal ice particles 
in high-level clouds with the use of altitude 
polarization lidar is described. Results of 
of many years investigations are discussed. 

The solution of many problems of 
atmosphere physics and meteorology 
(for example, calculation of the radia- 
tion balance of atmosphere) requires 
objective information on optical charac- 
teristics of high-level clouds. Optical 
models of drop clouds are well studied. 
There are models of crystal clouds with 
chaotically oriented non-spherical parti- 
cles. However optical properties of the 
clouds with preferentially oriented ice 
crystals have been studied insufficiently. It 
was caused by the fact that the general 
scattering theory of EM waves on crystal 
aggregates was not developd till now, and 
there is no complete physical model of a 
microstructure of crystal high-level clouds. 

Non-spherical shape and orientation 
of particles lead to pronounced aniso- 
tropy of light scattering, which is mani- 
fested as known abnormal optical pheno- 
mena (false Suns, poles, etc.). It is impossible 
to measure space orientation of 
microparticles in atmosphere by contact 
methods. The airborne devices can register 
quantity of particles in unit volume, their 
shape, mass, and electric charge. However, 
after air sampling the information on 
orientation of non-spherical particles is 
lost completely. In the presentation, a 
method of noncontact determination of 
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BaeTca MeTOÄ 6ecKOHTaKTHoro onpeflejieHHH 
opweHTauHH KpHdaji^HHecKHX nacTHii B o6;ia- 
Kax c noMouibio nojrapH3auHOHHoro JiHflapa. 

IlojiapH3auHOHHbie xapaicrepHCTHKH ajiejcr- 
poMarHHTHoro viznynevmn B onranecKOM ana- 
na30He OTHH BOJIH yflo6Ho BbipaxaTb nepe3 4- 
MepHblfl   BeKTOp   CTOKCa   (BC),   KOMnOHeHTH 
KOTOporo npeflCTaBJiHioT CO6OH jiHHeiiHbie KOM- 
6HHaUHH SJieMeHTOB MaTpHUH KorepeHTHOcra, 
noAnaiomnxcH H3MepeHHio B SKcnepHMeHTe 

(EyK) 

rae Ex H E — opToroHajibHbie cocraanflioiiiHe 
BeKTopa HanpHXceHHOCTH MeicrpHHecKoro nojia 
KBa3HM0H0Xp0MaTH4eCK0H SJieKTpOMarHHTHOft 
BOJiHbi, pacnpocTpaHaioineflcH B HanpaBJieHHH 
OCH ZfleiCapTOBOH CHCTeMbI KOOpflHHaT. YrJIOBbie 
CKO6KH 03HaHaK>T onepauHio ycpeflHeHHH BO 
BpeMeHH, a (..)* - KOMiraeKCHoe conpsaceHHe. 
IlepBbiH ajieMeHT BC onpenejraeT nojiHyio HH- 
TeHCHBHOCTb H3JiyHeHHH B nymce 

I = EX 

cristal particles orientation in clouds 
with the use of polarization lidar is 
considered. 

Polarization characteristics of EM 
radiation in optical band are convenient 
to express by 4-dimensional Stokes vec- 
tor (SV), which compnents are linear 
combinations of elements of the cohe- 
rence matrix and can be measured in 
experiment 

iExE'y) 
(EyE'y) 

here E and E are orthogonal com- 
ponents of electric field intensity vector 
of quasi-monochromatic wave propaga- 
ting along z-axis of cartesian coordinates; 
<..> denotes time averaging, and (..)* 
denotes complex conjugate. The first 
Stokes vector term defines a total intensity 
of beam radiation 

+ E&. 
BeKTop CTOKca HanyqeHHH, pacceHHHoro B 

HanpaBneHHH Ha3a# oöteMOM AV, HaxofljmrHMCH 
Ha paccroHHHH r OT JiHflapa, 3amnneM B cjieiry- 
romeM BHwe 

I(r)s(r) = Mx(r)I0s0AV/r 

The Stokes vector of backscattered 
radiation by volume AV at a distance r 
from lidar is written as follows 

(1) 

rae 70, /- HHTeHCHBHOcra (nepBbie KOMnOHeHTbl 
BC) naaaioiiiero H pacceHHHoro H3JiyqeHHH, a 
s,ns- 6e3pa3MepHbie BeKTopbi CTOKca, Hop- 
MHpOBaHHbie Ha HHTeHCHBHOCTb 

where J0, / are intensities (first SV's 
terms) of the incident and scattering 
radiation, s0 and s are dimensionless 
Stokes vectors normalized by intensity 

s W = (I, <j(r), u(r\ v{r))T,   s0 = (l, q0, u0, v0 f, (2) 

3flecb 3HaK (..)r o6o3HaqaeT onepamuo TpaHc- 
nOHHpOBaHHH MaTpHUH. 

Ha fleTeKTOp npHeMHHKa B MOMCHT BpeMe- 
HH t nocrynaeT H3JiyqeHHe H3 o6i>eMa 

where (..)T denotes matrix transposition. 

Let radiation is applied at the 
receiver's detector from volume 

AV = cAtr2wj2, 

rae c — cKopocTb cßera; Ar — ÄJiHTejibHOCTb Jia- 
3epHoro HMnyjibca; w0 — TCJiecHMH yroji, B KO- 

TOpOM pacnpocTpaHJieTCH Jia3epHoe HSJiyneHHe. 
IlpoH3BefleHHe r2w0 — o6jiynaeMaH jia3epHbiM 
nyHKOM miomaflb Ha paccTOHHHH r OT jnmapa. 
HHTeHCHBHOCTb jia3epHoro H3JiyMeHHH, naflaio- 
uiero Ha o6T>eM AV, paBHa 

(3) 

where c is light speed; Ar is laser pulse 
duration; w0 is spatial angle in which 
the laser radiation propagates. Product 
r2^ is a square irradiated by laser beam 
at distance r from lidar. Intensity of the 
laser radiation illuminated volume AV 
reads as 

/.(') = 2 ' r wn 
(4) 
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JIa3epme noJinpu3au,uoHHoe 30Hdupoeame oömKoe eepxneeo stpyca 

roe P0 - MoiHHocTb HanyHeHHJi jia3epa; T(r) - 
nponycKaHHe Tpaccw OT JiHflapa no oöieMa. 

MoiHHocTb naaaromero Ha npweMHyio aH- 
TeHHy pacceHHHoro HMyneHMH paBHa 

where P0 is radiated power; T(r) des- 
cribes propagation along the path. 

Power of incident radiation at 
receiving antenna is equal to 

(5) 

roe A - njiomaab aHTeHHbi. 
PeaiarHH (poTOAeTeKTopa nponopirnoHajibHa 

cBeTOBoß 3HeprHH, nocrynHBiiieM Ha Hero 3a He- 
KOTopoe BpeMfl AT, onpeaenaeMoe HHepuHOHHOc- 
rao npH6opa, ;IH6O saflaromeeca SKcnepHMeHra- 
TOpOM. Ha30BeM JIHflapHHM OTKJIHKOM BeJIHHHHy 

P(r) = I(r)AT(r), 

where A is antenna aperture. 
The response of photodetector is 

proportional to light energy for a time 
interval Ax determined by device responce 
time or set in the experiment. Let us 
introduce a lidar response as 

F(r) = \iK.P(r)Axr2, (6) 

rfle U - K03(p(pHIIHeHT nponopuHOHajibHocTH 
Mexmy CBCTOBOH 3HepraeH H peaKirneH fleTeK- 
Topa; K - KoaepcpHLUieHT onTHHecKHX noTepb Ha 
sjieMemax npHeMHoro TpaKTa. 

06T>eflHHHH (l)-(6), nojiyMHM 

where u is proportional factor between 
light energy and detector response; K is 
coefficient of optical losses caused by 
elements of the receiving channel. 

Joining (1) to (6) gives 

F(r)s(r) = Cr2(r)AftM,Ws0! (V) 

roe A/? = CAT/2 - npocTpaHCTBeHHan wiHTejib- 
HocTb, cooTBeTCTByiomafl BpeMeHH HHTerpHpo- 
BaHHH AT; C - annaparaaa KOHCTaHTa jmaapa 
(C = \IKAE0; E0=P0At -3Heprna oflHHOMHoro 
HMnyjibca H3JiyqeHHH Jia3epa). 

YpaBHeHne (7) aBnaerca BeicropHbiM aHa- 
jioroM CKanapHoro jinnapHoro ypaBHeHHa. OHO 

no3BOJiaeT onpeaejiHTb MaTpHiry o6paTHoro pac- 
cejmna CBeTa (MOPC), KOTOpaa HeceT noji- 
Hyio HH(J)opMauHK3 06 HccjieÄyeMOH cpefle. 

JtoMepeHHe MOPC ecTecTBeHHbix o6jiaKOB 
BepxHero apyca npoBO/iHTca Ha yHHKajibHOM 
BWCOTHOM nOJlHpH3aiTHOHHOM JIHflape «CTpaTOC- 
djiepa-lM». OrjiHMHTenbHOH ocoöeHHocrbio STO- 

ro JiHflapa aanaeTca HajiHHHe B HeM y3^a TpaHc- 
(pOpMaiTHH COCTOHHHH nOJiapH3aiTHH H3JTV^eHHfl 
nepeaaTHHKa (aBe dmoBbie nnacTHHKH X/4, 
ycraHOBJieHHbie Ha OCH nymca) H Hajimne B rrpH- 
eMHOM KaHajie nojiapHMeTpa, cocToamero H3 
(pa30Bo« nnacTHHKH X/4 H npH3Mbi BojmacroHa. 

IlocKOJibKy npH pacceaHHH cTporo Ha3aa 
ruiocKOCTb petpepeHUHH He onpeaejieHa (BOJI- 

HOBbie BeKTopw npaMoro H pacceaHHoro H3Jiy- 
neHHa jieacaT Ha OAHOH npaMoft), H3MepeHHe 
MOPC Beflerca B CHcreMe KoopflHHaT, cBa3aH- 
HOft C JIHflapOM. 

OCH Z,HZ HMeroT ecTecTBeHHbie HanpaBJie- 
HHa BOjmoBbix BeicropoB nocbiJiaeMoro H npH- 
HHMaeMoro HanyneHHa. BropbiM ecTecTBeHHbiM 
penepoM aBnaerca ruiocKocrb, B KOTOPOH npoHc- 
XOÄBT KOJieGaHHa ajiejcrpHiecKoro Beicropa JIH- 

HeftHo nonapH30BaHHoro jia3epHoro Hany^eHHa. 

where Ah = c Ax 12 is spatial range cor- 
responding to integration time AT; C is the 
lidar constant (C = n K A E0; E0 = P0 At 
is energy of single radiated pulse). 

The equation (7) is a vector analog 
of the scalar lidar equation. It allows to 
find the light backscattering matrix 
(LBSM), which contains all information 
about medium investigated. 

The LBSM measurements of high- 
level natural clouds is carried out with 
using an unique altitude polarization 
lidar "Stratosphere-IM". The distinctive 
feature of the lidar are transformation 
unit (two A./4 phase plates along the beam 
axis) intended for changing the polari- 
zation state of the radiation and pola- 
rimeter (A./4 phase plate and Wollaston 
prism) in the receiving channel. 

Since the strict backscattering does 
not allow to define the reference plane 
(wave vectors of the direct and scattered 
radiation lay on one line), the LBSM 
measuring is performed in lidar coordi- 
nates. 

The axes z0 and z have natural 
directions of wave vectors of outgoing 
and received radiation. The second 
natural reference is the plane, in which 
there are electric vector oscillations of 
linearly polarized laser radiation. In this 
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B 3T0M IWOCKOCTH, cqnepjicameH ZQ, onpeÄejwercH 
ocb x0 ± z0. B nepnenajiKyjwpHoft K HCVI IUIOCKO- 

CTH, Taoce co/jepxameH ^, onpe/JiejMeTCH ocb y0. 
nojiTOKMTeJiBHbie HanpaBJieHHH oceft BbiOHpaioT- 
CH TÜK, 4T06bI eflHHHHHbie BeKTOpbl o6pa30BajiH 
npaBOBHHTOByio TpoHKy ex0 x e,0 = er0. B CHCTeMe 
x0, y0, ZQ H3MepjnoTCH BC nocbuiaeMoro Jia3epH0- 
ro rrvmca. Ocb x cHcreMbi KoopmmaT x, y, z, fljra BC 
pacceHHHoro H3Jiy4eHHH, Bbi6HpaeTCH napamejib- 
HOH HanpaaneHHK) OCH X0 (ex KojuiHHeapeH e^). 

IIpH3Ma BojuiacTOHa ycTaHaanHBaeTca Tax, 
HT06bI HOpMa^b K IIJIOCKOCTH, B KOTOpOH npO- 
HcxoflHT pa3BeaeHHe opToroHajibHo nojiapH3o- 
BaHHbix BbixoflfliiiHx H3 Hee ITVHKOB, coBnaaajia 
c HanpaBJieHHeM ex. Ocb y onpeflejraeTca B 3-TOH 

IIJIOCKOCTH Taioce yoioBHeM e^ x e  = er. IlpH 
TaKOM  Bbl6ope  CHCTeMbI  KOOpflHHaT  OflHH  H3 
BbixoAaumx H3 npH3Mbi iryqKOB paBeH X-COCraBJIH- 
K»meH, a /jpyroft, cooTBercrBeHHo, y-cocraBJunomeH 
HHTeHCHBHocTH naaaiomero Ha nproivry nyca. 

IlpoxoayieHHe nyqxa Hauynem«! nepe3 npn- 
3My BojuiacTOHa H HeTBeprbBOJiHOByio ruiacTHH- 
xy B npneMHOM KaHane MOJKHO onncaTb xax noc- 
jieflOBaiejibHoe .ueftcTBHe onepaiopoB (pa30BOH 
nJiacTHHKH N(d) H JiHHeHHoro nojrapH3aTopa 
1(0) Ha BC nymca s(r). Yroji noBopoTa 0 raioc- 
KOCTH nponycKaHHfl nojiapH3aTopa H 6HCTPOH 

OCH <pa30BOH IIJiaCTHHKH OTCTHTblBaeTCH OT OCH 
x 6a3Hca nporaB nacoBon cTpejiKH. npoxoxfleHHe 
rrynica HanyneHHH nepe3 npneMHbiH KaHan JIH- 

aapa MOXHO oxapaicrepH30BaTb TpeMH napaMH 
npHöopHbix BeicropoB G flna cooTBeTCTByiomHX 
KOMOHHaiTHH nOJIOSKeHHH npH3MbI H <pa30BOH ruia- 
CTOHKH 

^'>[X(0)iV(0)] = i(l 

plane containing Zg, the axis xolz0 is 
defined. In the perpendicular plane, also 
containing ^, the axis y0 is defined. The 
positive axes directions are chosen so 
that unit vectors form the right-handed 
coordinates ex0 x e^ = ez0. In the system 
xQ, y0, z0, Stokes vector of radiated 
laser beam is measured. The x-axis of 
the coordinates x,y,z for SV of the 
scattered is chosen parallel to x0-axis 
direction (ex is collinear to e^). 

The Wollaston prism is placed in such 
way that normal to the plane, in which 
there is a separation of output orthogonally 
polarized beams, coincides with direc- 
tion ex. The y-axis is also defined in this 
plane by condition e^xe^ =e2. With 
such coordinates, one of the beams at 
the prism output equals to x-component, 
and another one to y-component of the 
incident meam intensity. 

The radiation beam passage through 
the Wollaston prism and quarter wave 
phase plate in the receiving channel can 
be described as subsequent action of 
phase plate #(0) and linear polarizer 
1(0) operators on Stokes vector of beam 
s(r). Rotation angle 0 of the polarizer pass 
plane and fast axis of the phase plate is 
read off relatively x-axis counter-clock- 
wise. The beam passage through the 
receiving channel can be characterized 
by three pairs of instrument vectors G 
for the corresponding combinations of 
the prism and phase plate orientations 

1 10   0); Gf [L(n/2)N(0)] = Ul   -1   0   0); 

(^>[W4)JV0c/4)] = i(l   0   1   0);   G^[L(-%/4)N(iz/4)] = -(l   0   -1   0); 

r(») [KP)N(it/4)] = -(\   0   0   -1);   G^[L{%l2)N{TdA)] = -{\   0   0   l). 

HnueKCbi x, y o3HaqaioT, vro aeftcrBHe aaHHO- 
rO BeKTOpa npHBOflHT K H3MepeHHK) HHTCHCHB- 

HOCTeH KOMnOHeHTOB nOJIflpH30BaHHbIX,  COOT- 
BeTCTBeHHO, nepneHÄHKyjiHpHo H napajuiejibHo 
rinocKocTH pa3BeaeHHH nyqKOB B npH3Me Bojuiac- 
TOHa. BepxHHe HHfleiccbi o3HaMaiOT, HTO fleHCTBHe 
napbi BeKTopoB, o6o3HaqeHHbrx, HanpHMep, HH- 

aeKcoM q, npHBOfljrr K H3MepeHHio napaMerpa q 
6e3pa3MepHoro BC s. 

Subscripts x,y means that using the 
given vector leads to measurement of 
intensities of components, which are 
polarized perpendicularly and in parallel 
to the plane of beam separation in the 
Wollaston prism. Superscripts means that 
impact of vectors pair, for example, 
marked by q, leads to measurement of q 
of the dimensionless Stokes vector s. 
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JJa3epHoe nompmawoHHoe 30HdupoeaHue oÖJiaKoe eepxnezo npyca 

TaKHM o6pa30M, Therefore, we get 

ly = <?<<"/ s(r) = -(l   -1   0   0)/(/   q   u   v)T =-I(l-q), 

/, = Gf/s(r) = i(l   1   0   0)/(/   q   u   vf =-/(! + ?)• 

Orciofla, 3aMeTHB, HTO I+1=1, nojiyHHM With 1+1=1, it is possible to write 

* = (/,-/,)/(',+',)• 
Herape paanmHbie KOMÖHHarrHH nojioxemiH 

(no yrjiy 0) HeTBepTbBOjmoBbix ruiacTHH no3BO- 
JIHIOT nojiymrb pa3Hbie COCTOHHHA nojiapH3a- 
UHH jia3epHoro ny^nca 6e3 cymecrßeHHOH noTepH 
MOIUHOCTH: JiHHefiHyio c KOJie6aHHaMH Beicropa 
E BÄOJib OCH x 6a3Hca jmaapa, jiHHettHyio c KOJie- 
GaHHHMH Beicropa E Bflojib OCH y 6a3Hca mmapa, 
JMHeHHyiO C nOBOpOTOM nHOCKOCTH KOJie6aHHH 
Ha 45° oTHocHTejibHo raocKocTH xOz H npaByro 
KpyroByio nojiHpH3auHio. 

riocJieflOBaTe^bHoe 30HflHpoBaHHe cpeabi H3- 
JiyHeHHeM C HeTbipbMH nOJI3pH3aUHHMH H H3Me- 
peHHe BeKTopa CTOKca pacceaHHoro Ha3an H3- 
jiyqeHHH no3BOJiHeT nojiynHTb 16 cooTHomeHHH, 
H3 KOTopbix onpeflejiflioTCH a^eMeHTbi MOPC. B 
TaÖJiHue npHBeaeHH KOMÖHHaiiHH 3JieMeHT0B 
MOPC, onpeflejiHeMbix B npouecce ceaHca 3OH- 

flHpOBaHHH. 

Four different orientation combi- 
nations (6) of the X/4 plates allow to ob- 
tain (without essential power loss) such 
different polarization states of laser beam 
as linear (E oscillations along x- and y- 
axis of lidar), 45° rotated linear polariza- 
tion relatively xOz plane, and the right- 
circular polarization. 

Subsequent sounding of medium by 
radiation with four polarization states and 
Stokes vector measurement of the back- 
scattered radiation allows to get 16 rela- 
tions, from which LBSM elements are 
determined. Table 1 shows the combinations 
of the LBSM elements as a result of remote 
sounding. 

Ta&mma (Table) 

Ee3pa3MepHbm 
seKTop OroKca 

juaepHoro nyuca 
(Dimensionless 
Stakes vector of 

laser beam) 
sol = Q100)r 

"i^Rl-lOO)*" 
■S03=(1010F 
•so4 = (100-l)r 

fleftcrayiomaa napa npnßopHbK BacropnB 
fAvaflaMe pair of device vectors) 

1/2(1 1 0 0) 
1/2(1 -1 0 0) 

1/2(1 0 1 0) 
1/2(1 0 -1 0) 

1/2(10 0-1) 
1/2(1001) 

HSMepflBMbK BejUMHHbl 
(Measurables) 

JfL 
_32_ 
_2?_ 
_2i_ 

«i 
"2 

"4 

Vl 
v2_ 
V3 
V4 

OnpeflejineMan 

KOMOHHaiJHfl JJBMBHTOB 

MOPC 
(Desired combination of 

LBM"s elements) 
1 = 2,3,4 

(mn+ma>K'ni\+»tn) 
(mn-mtdlQnw+miiL. 

(CTfi+mfQ/(wii"+CTi4) 

MeroflHKa onpe«yieroia yraa npeHMymeciBeH- 
HOH opHeHTaUHH KpHCTaraOB B rOpH30HrajTbHOH 
rOIOCKOCTH (CTOJIÖHKH - OCHMH, nJiaCTHHKH ~ 
HOpMailHMH K OCHOBaHHK))  OCHOBaHa Ha CBOH- 
CTBax MOPC. TaK, HanpHMep, npn JIIOOOM Bpa- 
meHHH BOKpyr OCH Z xaoraHecKHH aHcaM6jib Mac- 
THU nepexoflHT caM B ce6a. IIoaTOMy ero MOPC 
aOJDKHa 6bITb HHBapHaHTHa OTHOCHTeJIbHO nOBO- 
poTa Ha npoH3BOjn>HbiH yroji <t> CHcreMbi KCODäH- 

HaT, B KoropoH npoH3BOflHTCH onHcaHHe MarpHHbi. 
npH 30HflHP0BaHHH B 3eHHT B aHCaMOJie KpHCTajI- 
jimecKHX, npeHMymecTBeHHO opHeHTHpoBaHHbrx, 
MacTHU cyinecTByer iurocKccrb 3epKanbHOH cHMMer- 
pHH. Earn 3ia ruiccKOCTb cocraBiweT a3HMyrajibHbiH 

The determination procedure of the 
preferred orientation angle of crystals in 
the horizontal plane (columns by axes, 
plates by normal to the basis) is based on 
LBSM properties. For example, at any 
rotation around z-axis, a chaotic ensemble 
of particles transfers in itself. Therefore, 
its LBSM should be invariant relatively 
the arbitrary rotation angle <t> of the 
coordinates, in which the matrix is des- 
cribed. With vertical sounding, there is a 
plane of mirror symmetry in ensemble 
of crystal oriented particles. If this plane 
is oriented at azimuth angle <D0 relatively 

92 



Laser Polarization Sounding ofHigh-Level Clouds 

yrOJI <&0 C IUIOCKOCTbK) OpHeHTÜHHH CHCTeMH KO- 
opflHHaT jnmapa xOz, TO npeo6pa30BaHHeM no- 
BOpOTa HJIOCKOCTH pe(pepeHUHH 3TH IUIOCKOCTH 

M05KHO COBMeCTHTb. TaKM  MOPC, y KOTOpOH 
nnocKocTb pedpepemniH xOz coBnaaaeT c HanpaB- 
jieHHeM O0 Ha3biBaeTCfl npHBeaeHHOH. Upmeam- 
Hbie MOPC BbipaxaioTCH nepe3 napaMeTpbi, He 
3aBnc5imHe OT cjiyqaHHbix 3HaneHHH O0, BCJiefl- 
CTBHe nero Bee MOPC conocTaBHMbi. 

C 1991 r. no Hacroamee BpeMH HaMH nojiyne- 
HO OKOjio 600 MOPC oojiaKOB BepxHero apyca. 
Ilo  3TOH  BblSopKe  OUeHeHbl   OTHOCHTeJIbHbie 
MacTOTbi 3HaHeHHH sjieMeHTOB mr HOpMHpOBaH- 
Hbix npHBeaeHHbix MOPC, a Taoce napaiweTpa 
OpHeHTHpOBaHHOCTH   X = (>"22 + /W33 )/(l + W44 ) . 

OH xapaicrepH3yioeT deneHb BbipaaceHHOc- 
TH OpHeHTaUHH qaCTHH OßjiaKa OTHOCHTejIbHO 
HeKOToporo a3HMyranbHoro HanpaBJieHHH O H 

onpeaejieHbi HacTora npoHBjieHHH Tex HJIH HHHX 

3HaneHHH <I>. 

the orientation plane xOz of the lidar 
coordinates, then these planes can be 
aligned by the rotation transformation of 
the reference plane. Such LBSM, which 
reference plane xOz coincides with direc- 
tion O0 is called as aligned. The aligned 
LBSMs are expressed by parameters 
independent on random values of O , 
therefore all LBSM are comparable. 

Since 1991 up to now, we have 
measured about 600 LBSMs of high-level 
clouds. This sample was used for esti- 
mates of relative frequencies of m.. values 
of the normalized aligned LBSMs ele- 
ments, and also orientation parameter 
Z = (m22 + ff333)/(l + m44), which descri- 
bes the evidence degree of cloud particles 
orientation relatively <D0, and sampling 
histograms of O0 values. 
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0.04 

-90°     .80°     -30° 30°      60°     90° 
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Fig. 

iHcrorpaMMH napaMerpa opueHTHpoBaHHocrH % H yrjia npenMymecTBeHHOH opHemamoi 
®0 aHcaMÖJieß KpHcraranHecKHX nacnm B o&iaicax BepxHero apyca 
Histograms of directivity parameter % and prevalent alignment angle O. of crystal particles 
ensembles in medium-level clouds 

Han6ojiee BaxHbiM pe3yjibTaTOM Hccjie/jOBa- 
HHH nocjieflHHX JieT HBHnocb SKcnepHMeHTajib- 
Hoe flOKa3aTejDbCTBO qacroro nposBjieHHH COCTOH- 

HHH OpHeHTHpOBaHHOCTH HaCTHH KpHCTarüDTCeCKOH 
oojiaHHOCTH, o6ycnoBJieHHoro dpaicropaMH, OTJIHH- 

HbiMH or H3BecTHoro aapoflHHaMHqecKoro opn- 
eHTHpoBaHiw npn naaeHHH B nojie CHJIH Tjocecra. 
B nocjieflHeM cnyqae BepraKanb HBjraeTCH HanpaB- 
JieHneM, B/jojib KOToporo npoHcxojjjiT npenMy- 
uiecTBeHHoe opHeHrapoBaHHe Hopina/ieü K no- 
BepXHOCTHM nJiaCTHHMaTblX KpHCTaraOB HJIH BOK- 
pyr KOToporo paBHOMepHo pacnpeaejraiOTCfl OCH 

BblTHHyTblX HaCTHH.   IToCKOJIbKy 30HflHpOBaHHe 
npoH3BoaHJiocb no HanpaBjieHHio B 3CHHT, TO, 

onnpajicb Ha Mojjejib MOPC win aHcaM6jieft 

The most important investigations 
result obtained during the last years is 
the experimental proof of frequent mani- 
festation of the crystal particles orien- 
tation in clouds, caused by another fac- 
tors distinct from the known aerodynamic 
alignment of falling particles in the 
gravity field. In the latter case, the vertical 
direction is a dirrection along which there 
is the preferred alignment of normals of 
plate crystals or around of which axes 
of prolate particles are uniformly distri- 
buted. Starting from LBSM model for 
particle ensembles, which orientation is 
only caused by falling, it would be 
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JIa3epHoe nowpmaupoHHoe 30HdupoeaHue oömKoe eepxnezo npyca 

qacrau, opweHTHpoBaHHUx TOJibKo naaeHHeM, 
MOXHO 6bUio 6H npeacKa3aTb HyiieBbie 3Haqe- 
HHH HeflHaroHanbHWX aneMeHTOB MOPC. Ho, 
xaK oKa3anocb, 6ojiee neM B 30% cjiyqaeB H3- 
MepeHHil MOPC STH aneMeHTbi OTJIHHHW OT 
HyjiH, MTO B paMxax npHHSToft MOflejiH 03HaMa- 
eT JIH6O npewMymecTBeHHHö HaioioH njiacraH- 
larax KPHCTZUIJIOB, JIH6O opueHTamiio ocefi BH- 

THHyTbix nacTHU. 

Pa6oma ebinomeua npu dyunancoeou noddep- 
MKe P00H (04-05-64495) u MmnpoMmy- 
KU u mexHOJiozw P0 (pee. N? 06-21). 

possible to predict zero values of the off- 
diagonal elements of LBSM because of 
the vertical sounding. However, more 
than 30% cases of LBSM measurements 
have shown that these elements did not 
equal to zero. In the context of the given 
model, it means the preferred slope of 
plate crystals or axes orientation of 
prolate particles. 

The investigation was given a grant of 
RFBR (04-05-64495) and RF Ministry 
of industry, science and technologies 
(reg. number No 06-21). 
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B doioiade npueodstmcn pesynbmamu KOMnbwmep- 
HOZO ModemtpoecmuH nompmauuoHHo-cneKmpanbHbix 
ceoücme paduoAOKaiuioHHbix npocmpaHcmeemto-npo- 
mn3KXHHbix necmanuoHapHbix oöieitmoe u npimepu 
ezo ucnoab3oeaHun npu ucaiedoeauuu ajizoputrma 
KoppeKmHoü oufiHKu noAxpu3au,uoHHbix u Koopdumm- 
Hbtx ceoücme yica3aHHbix oöteKmoe 

In the paper we present simulating re- 
sults of polarization-spectral properties of 
spatially-distributed non-stable objects. 
Also we show modelling examples for 
algorithm investigation of correct estimation 
of polarization properties and coordinates 
of the objects 

I. BBe^eime 

IlpH npoeKTHpOBaHHH paflHOJlOKaiTHOHHOH 
CHCTeMM (PJIC) C nOJIHMM nOJiapH3aHHOHHbIM 
30nzmpoBaHHeM (11113) BaxHMM HBJiaeTca Bon- 
poc o noTeHii,nam>Hbix BO3MO>KHOCTHX PJIC. Oa- 
Hoft H3 OCHOBHBIX npoojieM npH npoeKTHpOBaHHH 
xaxoH CHcreMbi HBJiaeTCH BbiSop 3ommpyioiuero 
CHTHana. Or STOTO 3aBHCHT ToqHocn. ouemai no- 
JwpH3aimoHHbrx, Koop,HHHaTHbix H SHepreraHec- 
KHX XapaKTepHCTHK paflHOJIOKaiJHOHHblX o6i,eK- 
TOB. B [l]-(3] noKa3aHO, HTO äJIH o6ecneHeHHH 
KoppeKTHoro H3MepeHna MaTpHiibi o6paTHoro 
pacceaHHH (MOP) BpeMeHHaa cTpyicrypa BeK- 
TopHoro 30HaHpyromero cHraana PJIC c 11113 
aOJDKHa yaOBJieTBOpflTb HeKOTOpHM Tpe6oBaHH- 
HM, KOTopbie onpeaejiaioTCH napaMerpaMH nac- 
TOTHO-BpeMeHHOH KOppejIHUHH CBOHCTB o6paT- 
Horo pacceHHHa 30H,aHpyeMoro oöieicra. Ilpn 
3T0M 6ojibiiioe 3HaneHHe HMeeT Bbi6op rana 
CJIOJKHMX opToroHanbHbix curHajioB, Ha ocHOBe 
KOTopbix dpopMHpyeTca qacTOTHo-BpeMeHHaa 
CTpyKTypa 30HflHpyiomero cnrHajia. 

B flOKnafle npHBefleHH pe3yjibTaTbi pa3pa6oT- 
KH KOMnblOTepHOH MOflCHH npOCTpaHCTBeHHO- 
pacnpeaejieHHbix HecTaiiHOHapHbix o6ieKTOB 
(IIPHO) H npHMepbi ee Hcnojib30BaHHH npw HC- 

cjieflOBaHHH BJIHHHHH BHfla BeKTopHoro CHrHana 

I. Introduction 

It is an important question about 
radar potential opportunities in the case 
of radar designing with full polarization 
sounding (FPS). One of the main problem 
is selection of sounding signal. Estima- 
tion accuracy of polarization, coordinate 
and power characteristics of radar objects 
depends on the selection. It was shown 
in [1] to [3] that the time structure of 
vector sounding signal of a radar with 
FPS should satisfy some requirements, 
in order to provide a correct estimation of 
the backscattering matrix (BSM). These 
requirements are determined by time- 
frequency correlation parameters of 
illuminated radar objects. It is of great 
importance to make choice of complex 
signals type, which are used for forming 
time-frequency structure of sounding 
radar signal. 

In the paper we present development 
results of a computational model of 
spatially distributed non-stable objects 
(SDNO) and examples of its using for 
investigation of influence of vector signal 
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HuaieHHoe ModenupoeaHue oöpanwozo paccesmun aiooKHbix oöbeicmoe 

PJIC C nn3 Ha TOHHOCTb oueHKH MaTpHHHoro 
cneicrpa yKa3aHHbix o6ieKTOB. 

II. npocTpaHCTBeHHo-pacnpefleJieHHaa nem, 

B   OCHOBe   MOfleJIHpOBaHHH   nPHO  JIOKHT 
KOHuenuHH JiOKajibHbix ueHTpoB pacceflHHH [4], 
corjiacHO KOTopon nojie, oTpaxceHHoe OT uejiH, 
(})OpMHpyeTCH HeÖOJIblllHM MHCJIOM JIOKaJlH30- 
BaHHMX HCTOHHHKOB (OJieCTHIUHX TOHeK).  PaC- 
cTOAHHe Me>KÄy HHMH BejiHKO no CpaBHeHHK) c 
4J1HH0M BojiHbi, pa3Mepw xe caMHX TO« ro- 
pa3ao MeHbiue ajieMema npocTpaHCTBeHHoro 
pa3perueHHH. Ana HCKyccTBeHHbix npoBOAHiinix 
Ten BKJiafl Tpex-nflTH HanGojiee cHJibHbix HCTCM- 

HHKOB o6ecneMHBaeT O6H
I
IHO 6oJiee 90% oTpa- 

XeHHOH  SHeprHH.   ITpH  CTpyKTypHOM  CHHTe3e 
PJIC c nn3 aaHHbiH noflxcw no3BOJiaeT nccjie- 
flOBaTb norpeiiiHOCTb oueHKH napaMeTpoB o6beic- 
Ta, o6yc^oBJieHHyro Bbi6paHHHM THnoM 30H,HH- 

pyromero cHrHana. 
HaflHHHe MHOxecTBa oTpaxaTejien B cocTaBe 

pacnpeaejieHHOH uejiH, flBHraioinHXCfl B o6meM 
cjiynae He3aBHCHMO, npHBOflHT K BpeMeHHbiM H 

qacTOTHHM (pJiyKTyauHHM pacceaHHoro cHraajia. 
Taxaa Moaejib no3BOJweT HccneflOBaTb CTaTHCTH- 
qecKHe xapaicrepHCTHKH oTpaaceHHoro BeicropHoro 
cnraajia nyreM 3aaaHHH craTHCTHK napaMeTpoB 
sjieMeHTapHbix OTpaxcaTCJiefl, coBOKynHocrb KOTO- 

pbix o6pa3yeT ITPHO. 
TaKHM o6pa30M, 11PHO MoxeT 6biTb npefl- 

CTaBneH B BHfle coBOKynHocra pa3HeceHHbix no 
npocTpaHCTBy sjieMeHTapHbix OTpaacaTejieft. Iloa 
sjieMeHTapHWM 0Tpa>KaTejieM GyneM noHHMaTb 
npocTpaHCTBeHHyio HeoflHopoflHOCTb, oßpaTHoe 
none pacceHHHH KOTopofl xapaKrepH3yeTCH ofl- 
HOH «6jiecTHmeH» TOHKOH äJIH Hcnojib3yeMoro 
jlHana30Ha BO/IH. FIpH STOM nojiapH3auHOHHbie 
CBoncTBa ajieMeHTapHoro oTpaxaTejin MoryT 
6biTb npoH3BOJibHHMH, a ero reoMeTpHHecKHe 
pa3Mepw ropa3flo MeHbiue HHTepBajia npo- 
CTpaHCTBeHHoro pa3pemeHHH PJIC. KajKflbrä 3Jie- 
MeHTapHbm orpaacarejib xapaKTepH3yercH Ha6opoM 
npocTpaHCTBeHHbix H nonapH3auHOHHbix napa- 
MeTpoB, KOTopbie Moryr H3MeH$m>CH BO BpeMeHH. 

ripouecc MOflejiHpoBaHHH pacnpeflejieHHOM 
uejiH pa36HBaeTCH Ha pw 3TanoB: 
1. 3anaHHe Heo6xoflHMoro KOJimecTBa arceMeH- 

TapHbix oTpaxaTejien, CTaTHCTHK HX Haqajib- 
Horo npocrpaHCTBeHHoro nojioxeHHH H na- 
paMeTpoB ÄBHXeHHH; 

2. 3aAaHHe cTaracraKH nojiapH3anHOHHbix na- 
paMeTpoB aiieMeHTapHbix oTpaxaTejien, H3- 
MeHeHHH HX BO BpeMeHH; 

3. cJ)opMHpoBaHHeo6jiyqaiomerocHraMac3anaH- 
HWMH CBOHCTBaMH (BHfl MQnyjIHUHH, BpeMeH- 

type in a FPS radar on accuracy of matrix 
spectrum estimation of such objects. 

II. Spatially distributed target 

The basis of SDNO modeling is the 
concept of local scattering centers [4]. The 
concept states that the scattered filed is 
formed by small number of local sources 
(bright points). A distance between them 
is large in comparison with wavelength 
and size of points are much smaller than 
spatial resolution cell. The contribution 
of three to five most strong sources 
usually gives more 90% of the scattered 
energy for artificial conducting targets. 
In structure synthesis of FPS radar, 
such approach allows to estimate errors 
of a radar object's parameters caused by 
signal selected. 

If there are many reflectors in a dis- 
tributed target, which move indepen- 
dently, then the scattered signal fluctuates 
in time and frequency. Such model allows 
to investigate statistical characteristics 
of the reflected vector signal by assigning 
parameters statistics for elementary 
reflectors, which totality form a SDNO. 

In such a way, a distributed radar 
object can be presented as a set of spaced 
elementary reflectors. When speaking of 
an elementary reflector we mean a spatial 
heterogeneity, which back-scattered 
field is characterized by one «bright 
point» in operating frequency band. 
Polarization properties of each ele- 
mentary reflector can be arbitrary, and 
its geometrical dimensions are much less 
than a radar resolution cell. Thus, each 
reflector is described by set of coor- 
dinates and polarization parameters. In 
the general case, all reflector parameters 
are time-varied. 

Modeling of a distributed target 
includes several steps: 
1.   assignment of required number of 

elementary reflectors, statistics of then- 
initial spatial location and motion 
parameters; 

2   assignment of polarization parameters 
statistics of the elementary reflectors 
and their temporal changing; 

3.   generation of sounding signal with 
required properties (modulation, du- 
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Modelling Results of Complex Objects Backscattering 

Han flJiwrejibHOCTb, cneKrpajibHbiH cocraB, no- 
JiapH3aUHOHHOe COCTOJTHHe, MOIUHOCTb H T.Ä.); 

4. yneT pacnpocrpaHeHHH ajieKTpoMarHHTHOH 
SHepnra H3jiyMeHHoro cHraajia Ha Tpacce 
«PJlC-oöteKT-PJIC», conpoBox/iaioiuerocH B 

o6meM cjiynae cjiynanHMMH H3MeHeHH3MH 
no^apH3auHOHHoro, aMruiHTyzmoro H dpa30- 
Boro cocToaHHa 30HflHpyromeH BOJIHH; 

5. (J)opMHpoBaHHe pacceHHHoro nojia B jxdJihndh 
30He Kax aanHTHBHofl cyMMbi napnnanbHbix 
nojieft. 
IlofloÖHaa cxeiwa MOflejinpoBaHna 6biJia onu- 

caHa B [6]. 
ripH pa3pa6oTKe uon&im IIPHO 6buiH HC- 

nojib30BaHbi opwrHHa^bHbie noaxoflbi K yqeTy 
HejiHHeHHoro ppvtxsimft oTpaxaTejieft, no3BOJia- 
roiUHe MOflejinpoBaTb «BHxpeBbie» o6pa30BaHHH. 

B KanecTBe BeKTopHbix 30HOTpyiomHX CHT- 

HanoB Bbi6paHbi flBa rana CHraanoB. OpToroHanb- 
Hbie KOMnOHeHTbl 3THX CHrHaJIOB c<J)opMHpoBa- 
Hbi c Hcnojib30BaHHeM aByx pa3jiHHHbix nap 
opToroHajibHbix CHraajioB: JIHM-cHrHajibi co 
BCTpemMMH JIHHeHHHMH 3aKOHaMH MOflyjIHUHH 
qacTOTbi H OKM-cnrHajibi c Majiou B3aHMHoii 
KoppeJiHirneH, cooTBeTCTBeHHO. IlapaMeTpaMH 
MOflejiHpoBaHHH HBJiHiOTCH Hecymaa HaCTOTa 
cHraanoB, HX flJiHTejibHOCTb H 6a3a. OKM CHr- 
Hajibi reHepHpyioTCH Ha ocHOBe opToroHajibHbix 
/H-nocjicnoBarejibHOCTeH. 

OTKJIHK cHCTeMbi HJIH oTfle^bHoro sjieMeH- 
TapHoro oipaxaTejia dpopMHpoBajicH KaK pe3yjib- 
TaT MaTpHHHOfi CBepTKH BHfla 

ration, spectral distribution, polari- 
zation state, power, etc.); 

4. taking into account effects of soun- 
ding signal propagation along the 
«Radar-Object-Radar» path, inclu- 
ding random fluctuations of polari- 
zation, amplitude and phase of the 
electromagnetic waveac 

5. forming scattered field in the far- 
field zone as an additive sum of 
partial fields. 
The similar simulation scheme was 

described in [6]. 
While developing the SDNO model we 

used original approaches to analysis of 
non-linear movement of reflectors, which 
allow to simulates «whirl» formations. 

Two signal types have been chosen as 
vector sounding signals. Orthogonal 
components of the signals are formed 
with using such pairs of orthogonal 
signals as LFM-signals with up-going and 
down-going modulation laws and phase- 
shift keying (PSK) signals with low cross 
correlation. The simulation parameters are 
carrying frequency of the signals, their 
duration and bandwidth-duration product. 
PSK signals are generated with the use 
of orthogonal M-sequences. 

The system responce for a separate 
elementary reflector was formed as the 
matrix convolution 

J = U(0®jjjP(a,. U(/- ■T#)^,/) = 

Jn(t,(0)     Jl2(t,<0) 

J2x(t,<£>)     J22(t,&) 
=>Stf. (1) 

r,ae U(r) - 30H,mipyK>mHH BeicropHbiH cHraan, 
P - MaTpHHHbifl onepaTop, onpeflejiaiomHH co6- 
CTBeHHbrä nojiHpH3auHOHHbiH 6a3HC oTpaxaTe- 
jia OTHOCHTejibHO 6a3Hca PJIC H 3aBHcamHH B 

o6meM cnyHae OT BpeMeHH t, N - HHCJIO OTpa- 
acaTejiefi Mo^ejiH, a. — SHepreraqecKHH napa- 
MeTp, a ip co^. - KoopflHHaTHbie napaMeTpbi OT- 

paxaTejia. Sy - ouemca 3-jieMeHTOB HCTHHHOH 

MaTpHUbi o6paTHoro pacceaHHH S. 

where U(f) is sounding vector signal, P 
is matrix operator determining eigen 
polarization basis of a reflector relative 
to the radar basis and generally depen- 
ding on time t, N is a number of the 
model's reflectors, a. is power factor, 
and i., ®Di are coordinate parameters of 
the i-th reflector. Sy is the estimate of 
true backscattering matrix S. 

III. Pe3yjibTaTM 

Pe3yjibTaTbi MOflejiHpoBaHHH npHBe^eHH Ha 
pHC. 1-4. HapHC. 1 noKa3aHbi HCTHHHbie nacTOT- 
Hbie cneKTpbi aneMem-OB MOP pacnpeaejieH- 
HOH cpjiyKTyHpyiorneH uejiH (cBerawe JIHHHH) B 

4>HKCHpOBaHHOM CTpOÖe flaJIbHOCTH H cneKTpbi 
OUeHOK 3THX SJieMeHTOB (TeMHbie JIHHHH) npH 

III. Results 

Modelling results are shown in Fig. 1 
to 4. Figure 1 shows true frequency spectra 
of BSM's elements of spatially-distributed 
non-stable target (light lines) in a fixed 
range resolution cell and estimation 
spectra (light lines) for LFM sounding 
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luoieHHoe ModeAupoeanue oöpamnoeo paccesmim OIOOKHWC oöieKmoe 

HcnanwoBaHJiH JIHM. PacnpeaejieHHa» no 4 cipo- 
6aM «ajibHocra uejib o6jiyqa/iacb HMnyjibCHbiM 
JIHM cHraajioM AJiHTejibHocTbio 300 MC C Hecy- 
rueft qacTOToft 10 ITu. H 6a3oft 8192. Cneicrp CKO- 

pocreH 3JieMeHTapHbix oTpaacaTejieft 6bw BH6- 

paH xapaicrepHbiM äJIH Mopcicotö noBepxHocra no 
aaHHHM [5]. CnrHajibi, npnHHTbie PJ1C, o6pa6a- 
TblBaJIHCb COOTBeTCTByiOmHMH COrJiaCOBaHHHMH 
fpHJIbTpaMH.   3aTeM,  B  QHHOM  (pHKCHpOBaHHOM 
CTpo6e aajibHocTH paccMHTbiBanncb OIIIH6KM 

OUeHKH. BoiHHMHa OIHM6OK, B03HHKai01UHX B flaH- 
HOH cHTyauHH, noica3aHa Ha pnc. 3,a. OUIH6KH 

onpeflejianncb KSLK HopMHpoBaHHa» pa3Hocrb eB- 
lOIHÄOBblX HOpM CneKTpOB HCTHHHOH H H3MepeH- 
HOH MaTpHU 

signals case. A target spatially distributed 
in 4 range cells was sounded by LFM pulse 
signal with pulse duration 7"=300 ms, 
carrier frequency 10 GHz, and A/-7^=8192. 
Velocity spectrum of elementary reflectors 
was chosen similar to sea scattering data 
given in [5]. Received radar signals were 
processed by corresponding matched 
filters. Then, the estimation errors were 
calculated in a specific range cell. The 
errors value is shown in Fig 3a for this 
situation. The errors were found as 
normalized difference of Euclidean 
norms of true and measured matrices 
spectra 

5 = 
sif+iisi 

(2) 

flpyrHMH cjioßaMH, ara BejiiMHHa noKa3HBa- 
eT ouiHÖKy H3MepeHHH nojiHOH 311P nenn. IIOJI- 
Haa 911P nenn HBJiaeTca O/IHHM H3 caMbix HH- 
{popMaTHBHwx napaMeTpoB, nosTOMy ouiH6Ka ee 
onpeaejieHHH MoxceT cjiyxnTb o&beKTHBHoft xa- 
paicrepHCTHKOö KaqecTBa Hcnojib30BaHHH pa3- 
JIMHHX cHraajioB. 

In other words, this value corres- 
ponds to measurement error of full 
target's RCS. The full RCS is the most 
informative parameter, so the error of 
its estimation may be considered as as 
an objective characteristic in evaluation 
of different signals. 
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PHC. 1.   CneKTpbi OTpasKeHHß H HX ouemca JVW pacnpeÄejieHHoft uejiH B (pHKCHpOBaHHOM CTpo6e 
flanbHocTH npH npHMeHeHHH JIHM cnrHanoB. TeMHaa JIHHHH — ouemca cneKTpa, Sojiee 
CBeraan JMHHH — peajibHbift cneicrp 

Fig. 1.    Spectra and their estimates of LFM-signals reflected from distributed target in a range cell: 
dark and more light lines present spectrum estimate and true spectrum, correspondingly 

PHC. 2 H 3,6 onncwBaioT Ty ace CHTyairjHio, HO 
c npHMeHeHHeM CHraana c OKM. 3^ecb OUIH6- 
KH cyuiecTBeHHo MeHbme, OHH o6ycjioB^eHbi 

Figure 2 and 3b show the same 
situation for the case of PSK signal. It is 
seen that errors are essentially less, they 
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Modelling Results of Complex Objects Backscattering 

HecoBepmeHHOH pa3BH3KOH Mexay oproroHajih-    are caused by imperfect isolation between 
HBIMH CHmanaMH. orthogonal signals. 

600 

480 

360 

240 

120 

0 -Uv' itv 
V*H^-A-*JVi-wli|-^|i|"|M| ■- A—^AJAJLI-H. 

-100 0 100 
Doppier Frequency, Hz 

mV 

«XI 
Is- 
is», 48(1 

im 

240 

.wvWVv. Hr*-^SL^t **C%~~***>***>-v***** afraiaJ—»V :■&: 

-100 0 100 

Doppier Frequency. Hz 

600 

480 

360 
V 

240 

120 

0 

600 

480 

360 
V 

240 

120 

0 

!ls« 

i 
1 
i i 

-^A . .,L./W-VA r*t*s*+^ -M^WA. ^^J^W™ »MW*ä-«£*ä20 

-100 0 100 200 

Doppter Frequency, Hz 

i Is- • 

| 
!                  | 

J._JMA •w.. «*¥WW ̂ »-A, =s*a»*!a*üAa. 
-100 0 100 200 

Doppier Frequency, Hz 

PHC. 2.   CneKTpbi oTpaxeHHH H HX oueHKa ara pacnpcneJieHHoii ueJiH B (proccHpoBaHHOM crpo6e 
aajibHOCTH npw npHMeHeHHH <t>KM CHraajioB. TeMHaa JIHHHH - oueHKa cneicrpa, 6ojiee 
CBeTJiaa JIHHHH — peanbHwft cneKTp 

Fig. 2.    Spectra and their estimates of PCM-signals reflected from distributed target in a range cell: 
dark and more light lines present spectrum estimate and real spectrum, correspondingly 
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PHC. 3.  OIUH6KH onpeÄejieHHH 3HepreTHiecKoro napaMeTpa npH HcnojiwoBaHHH JIHM 
(a) H <&KM (b) cHraanoB (fljiHTe/n>Hocn> CHraana x=300 ms) 

Fig. 3.    Determination errors of energetical parameter under using LFM (a) and PCM (b) 
signals (signal duration T=300 ms) 

npH aHanH3e pe3yjibTaTOB npHMeHeHHH pa3- 
JIHHHBIX CHrHajIOB OKa3ajIOCb, 4TO ÄJIH CHrHajIOB 
c JIHM cymecTByeT pw npHHUHnHajiBHbix or- 
paHHMeHHH. B TO Xe BpeMH npH HCnOJTB30BaHHH 
OKM CHraajioB xaKHX orpaHHMeHHH Her. OUIH6KH, 

The analysis of different signals 
application has revealed some principal 
restrictions for LFM signals. At the same 
time, the use of PSK signals does not 
lead to such restrictions. The errors, 
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HuaieHHoe Modejiupoeame o6pamHoeo paccenmin CJIODKHUX oGbeKtnoe 

B03HMKaiOmHe npH HCnOJIb30BaHHH JRM cwr- 
HailOB, 06yCJI0BJieHbI HOXeBHflHOH (pOpMOft HX 
(byrnciiHH HeonpeaeJieHHOCTH, KOTOpaa pa3JiH4- 
Ha y cHraajioB co BCTPCMHHMH 3aKOHaMH n3Me- 
HeHHH HaCTOTbl (pHC. 4). Ü3-3a TOTO, HTO CpyHK- 
UHa HeonpeflejieHHOCTH JT4M CHraarcoB HMeer 
BWTOHyTyio (popiwy B qaCTOTHO-BpeMeHHOH 06- 
;iacTH, oTpaxeHHH OT 6bicTpo flBHxymHxca ue- 
Jieft «nepeTeKaioT» B coceflHHe CTpo6bi aanbHO- 
CTH. 3TO o6cTOHTeJibCTBO BeaeT K ouin6icaM 
oueHKH MaTpHiibi o6paTHoro pacceaHHH pacnpe- 
aejieHHOM uejiH. 

which arise under using LFM signals, 
are determined by knife-edge ambiguity 
function (AF). This function differs for 
signals with up- and down-going fre- 
quency laws (Fig. 1). Because ofthat the 
ambiguity function of LFM signals has 
strongly extended form in time-and- 
frequency area, reflections from fast- 
moving targets «spill over» to the next 
range cells. This fact leads to errors in 
BSM estimation of distributed targets. 

x„(*.n) Xufr.fi) 

a) 

PHC. 4.   OVHKUHH HeonpefleJieHHOCTH JIMM CHmajiOB: a) HapacTaromHft 3aKOH 
MQzryJiflUHH HacTOThi, b) crraaaiomHH 3aKOH MOAVJIHUHH HacTOTbi 

Fig. 4.    Ambiguity functions of LFM-signals: a) up-going frequency modulation, 
b) down-going frequency modulation 
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PHC. 5.  OUIH6KH onpeÄeneHHH sHepreraHecKoro napaMerpa npH Hcnc-jiMOBamra J1HM 
(a) H <t>KM (b) CHmajiOB (unHTejibHocrb cHraana T=165 ms) 

Fig. 5.    Determination errors of energetical parameter under using LFM (a) and PCM (b) 
signals (signal duration x=165 ms) 
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KoHeHHo, joyiHTejibHocrb HMnyjibca 300 MC 

oweHb (xwibuiaa no cpaBHeHHK) c HHTepsaJiOM 
KoppejiHUHH cneicrpa CHraana, HO H npH AJIH- 

TejIbHOCTH 165 MKC npH aaHHoft MeTOflHKe 06- 
paooTKH ouiHÖKH npH npHMeHeHHH JIHM CHr- 
Hana HM«OT HeaonycraMyio BeJiHHHHy. 

3auiiOHeHHe 

OopMa (pyHKUHH HeonpeaejieHHOcTH JTOM 
CHraana He no3BOjraeT npoH3BOflHTb oflH03HaH- 
Hyio oueHicy ocopocra H jmnbuocm OTpaacaio- 
mero ToneHHoro o&bejcra no owoMy H3MepeHHK>. 
ycTpaHeHHe yKa3aHHoft HeonpcaejieHHOCTH B 

oueHKe cKopocTH H ÄajibHocTH o6i>eKTa ocyme- 
CTBJiHeTca nyreM Hcnojib30BaHHH HecKonwcHX 
H3MepeHHH (naqKH HMnyjibcoB HsnyqeHHH). Ilpn 
3T0M aHanH3HpyeTCH flHHaMHKa CMeiUeHHH OT- 
KJIHKOB couiacoBaHHoro 4>HJibTpa no BpeMeHH 
npHXOÄa OTHOCHTCJIbHO MOMCHTa HMyHeHHH, H 
no pe3yjibTaTaM aHariH3a npoH3BOÄHTca oueHKa 
CKopocTH o&beicra. IIo^yMeHHafl oueHKa acopo- 
CTH no3BOJifler cKoppeKTHpoBaTb oueHKy aajib- 
HOCTH nyreM BBe^eHMH cooTBeTCTByioiUMX no- 
npaBOK. HMCHHO npH BHCOKHX CKOPOCTHX 

o&beicra B03M0XH0 aocTaTOHHO 6wcTpoe (no 
HeCKOJIbKHM H3MepeHHHM) OUeHHBaHHe CKOpO- 
CTH oGbeicra. JJJM MenneHHO .zuMOKymnxcH OöMK- 

TOB oueHKa CKOPOCTH 3aHHMaeT MHoro BpeMe- 
HH (HeOÖXOflHMO 60JIbUI0e 4HOIO 30HäHPVK>IüHX 

HMnyjibcoB). 
IIpw HajiHHHH B sjieMeHre pa3pemeHHH PJIC 

OOJIblllOrO KOJIHHeCTBa He3aBHCHMO flBJDKVJUHXCH 
OTpaxcaTejiefi Hcnojib30BaHHe JIHM CHraanoB 
Win KoppeKTHOH oueHKH MOP ajieMema pa3- 
peuieHHfl BO3MOXHO TOJibKO B cjiyqae, Koma 
cneicrp flonnepoBCKHX qacror arax OTpaacare- 
Jieft He npeBwuiaeT uinpHHy (pyHKUHH Heonpe- 
aejieHHOcTH JIHM CHraana no OCH nacTOT. IIpH 
3T0M HHTepBan KoppejiHUHH napaMeTpoB o6paT- 
Horo pacceHHHfl npocTpaHCTBeHHO-pacnpeae- 
jieHHoro o&beicra, o6pa30BaHHoro coBoicynHoc- 
TbK) 3JieMeHTapHbix flBHJKyiuHxca OTpaacareJieH, 
cpaBHHM c ÄnHTejibHocTbK) orHöaromeH JT4M 
opToroHajibHbix CHraanoB. 

JlHTepaTypa 

Certainly, pulse duration of 300 ms is 
a large value in comparison with corre- 
lation interval of the scattered signal. But 
even for 165 us duration of LFM pulse 
signal, the errors calculated by the 
technique above are too inadequate. 

Conclusion 

The form of ambiguity function of 
LFM-signals does not allow to unambi- 
guously estimate velocity and range of a 
point object by only one measurement. To 
to control this uncertainty, it is neces- 
sary to use several measurements with 
radiating pulse burst. In this case, changes 
of matching filter responces in arrival 
time relatively to radiation instant are 
analyzed. The object's velocity is deter- 
mined by the analysis results. The velocity 
estimation obtained allows to correct 
range estimate uith using specific 
corrections. A rather rapid estimating 
(with several measurements) the object's 
velocity is possible only for fast moving 
objects. As for slow moving objects, the 
velocity estimation takes much more 
time because of need to radiate a large 
number of sounding pulses. 

If there are a lot of independently 
moving reflectors in a radar resolution 
cell, the use of LFM-signals for correct 
estimation of BSM becomes possible 
when Doppler spectra width of the 
reflectors does not exceed the width of 
the LFM-signal ambiguity function along 
frequency axis. In this case, correlation 
interval of the backscattering parameters 
of a SDNO, which consists of moving 
elementary reflectors, approaches dura- 
tion of the LFM orthogonal signals' 
envelope. 
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Results of experimental investigations of 
polarization structure ofX-band scanning 
radar radiation are given in the paper for 
open path 1 km long 

B 3KCnepHMeHTaJIbHbIX HCCJieflOBaHHHX HC- 
ncwih30BancH HCTOHHHK HMnyjibcHoro H3jiyqe- 
HHH TpexcaHTHMe-rpoBoro ;mana30Ha Ha 6a3e 
PJIC PI1K-1. AHTeHHaa CHcreMa, cocToamaa H3 
napa6ojiHHecicoro 3epKana, rHnepöojnmecKoro 
3epKana, oojiyHarejifl H creioioTKaHeBoro jconnaKa, 
HMeeT ÄHarpaMMy HanpaBjieHHOcTH B BHfle y3- 
Koro cnrapoo6pa3Horo jiyna IHHPHHOH 1,9° Ha 
ypoBHe 3 aB. Ocb ÄHarpaMMH HanpaBJieHHOcra 
OTKjioHeHa OT reoMeTpHiecKOH OCH aHTeHHH. 
3TO OTioioHeHHe onpeflejiaeTCH nojioxeHHeM 
oojiyqarejifl (OTKPHTHH KOHeii BOjmoBona) OT- 

HOCHTenbHo OCH napaoojionaa. VL3Jiynajmch cnr- 
Hanbi BepraKanbHOH JIH6O ropH30HTaribHOM no- 
JIflpH3aUHH,   HTO  flOCTHrajIOCb   H3MeHeHHeM 
opneHTauHH oSjiyHarejia. 

IIOJlHpH3aUHOHHafl pa3BH3Ka aHTeHHH PJIC 
H3MepJuiacb npH ee paoore Ha npneiu c noMo- 
mwo BbiHocHoro KajiHÖpaTopa, Hajiyqaioiuero 
cHmaji BepTHKanbHoft nojiapH3auHH, nyreM mc- 
KpeTHoro H3MeHeHna nojioxemiH oojryqarejiK. 
YpoBeHb Kpocc-KOMnoHeHTa cocraBHJi -18 äE. 

CTpyicrypHaa cxeMa H3MepHTe;ibHOH ycra- 
HOBKH npeflCTaBJieHa Ha pnc. 1. 

ripHeMHa« ycTaHOBKa HMeeT nerape Bxoaa, 
K KOTopbiM 0Tpe3KaMH Kaöejieii nofliaiioHajiHcb 
Bbixoffu nojiflpH3auHOHHbix pacmenHTejieft ^Byx 
H3 MCTbipex aHTeHH, ycTaHOBneHHHX Ha naHejiH. 
AHTeHHH pacnojioHceHH Ha ocax fleKapTOBOH 
CHCTCMH KOOpflHHaT C pa3HOCOM 1,6; 4 JIH6O 10A. 

A source of pulse radiation on the 
base of radar system «RPK-1» (k=3 cm) 
was used in the experiments. Antenna 
system consisted of a parabolic reflector, 
hyperbolic reflector, irradiator, and glass- 
fiber radome. The antenna has pencil-like 
pattern with beamwidth of 1,9° at -3 dB 
level. The antenna pattern axis is deflected 
from the antenna geometrical axis. This 
deflection is determined by position of 
the irradiator (waveguide aperture) with 
the respect to the paraboloid axis. The 
radiated signals have vertical or horizon- 
tal polarization depending on the irradi- 
ator orientation. 

Polarization isolation of the radar 
antenna was measured by outward 
calibrator radiating vertically polarized 
signal and discrete changing the radiator 
orientation. The cross-polarized compo- 
nent level was -18 dB. 

Figure 1 shows block-diagram of the 
measuring installation. 

The receiver has four inputs, which 
were attached (by cable sections) to 
polarization splitters of two of four 
antennas mounted on board (Fig. 2). 
Antennas were adjusted with Cartesian 
coordinates with space diversity of 1,6, 
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dKcnepimeHmcuibHue ucaiedoeanm nojinpmawoHHOü ctnpyKtnypu ... 

(CM. PHC. 2). Kaxjm aHTCHHa npeflcraBJwer CO6OH 4 or 10A. (Fig.2). Each antenna was round 
OTKpbiTbifi KOHeu Kpyrjioro BOJiHOBoaa, coeflHHeH- waveguide aperture connected with the 
Horo c noJiapn3an.HOHHbiM paciuemrrejieM. polarization splitter. 

PHC. 1.  GrpyicrypHaH cxenia npHeMHoft ycTaHOBKH («1» - 6JIOK CBH, «2» - 6JIOK 

FTC, M - cMecHTCJib, G; - CBH reTepcxuHH, G2 - onopHbift reTepcwHH, IFC 
- i-Mft TIH KaHan, Synchro - CHCTeMa CHHxpoHH3auHH, Control - cxeMa 
ynpaRneHHfl, IFC Att - ynpaaneHHe a-rreHioaTopMH FR KaHanoB, PC - 3BM) 

Fig. 1.    Block diagram of receiver: microwave unit (1), IF unit (2), mixer (M), microwave 
oscillator (G,), reference oscillator (G2), IF channel (IFC), timinf signals 
(Synchro), control system (Control), IFC attenuators control (IFC Att), perconal 
computer (PC) 

B KaacfloM H3 qerbipex npneMHbix KaHanoB 
CHraajibi pa3JiaraioTCH Ha KBaflpaTypHbie cocrcus- 
jiaromHe OTHOCHTejibHO onopHoro reTepoflHHa. 
nojiyneHHbie BHfleoHMnyjibcbi, HOMMHaribHaa 
flflHTejIbHOCTb KOTOpblX COCTaBJIfleT 0,3 MKC, 
OUH(ppOBHBaiOTCH C TaKTOM 80 MTu H 3anHCH- 
BaioTCfl B naMan. 3BM. ITo jcaacflOMy npHHflTO- 
My HMnyjibcy npoH3BOflHTca He MeHee 25-30 
H3MepeHKft. 

IIpH o6pa6oTKe B Kaxawft MOMCHT BpeMeHH 
no KBaflpaTypHHM cocTaBJWiornHM BoccraHaB- 
jiHBaeTca aMnriHTyfla H qba3a cHraana B KaacflOM 
H3 KaHanoB: 

Signals in each of four channels 
were split into quadratures relatively to 
reference oscillator. The obtained video- 
pulses with 0,3 us rated duration were 
digitalized with clock frequency of 80 
MHz and recorded to PC memory. Not 
less than 25-30 measurements were done 
for each pulse. 

Amplitude and phase of the signals 
in each channel were restored at every 
instant using the quadrature components 

,S(t,) 
s(ti) = A(ti)cos[<ö0ti-x¥(ti)],   A(ti) = Js\ti) + C2(ti),   x)/0,) = arctg^,   (1) 

rfle S(t), C(t) - cHHycHaa H KocHHycnan KBaa- 
paTypHbie cocraBjraioiUHe. 

jjnfl HccjieflOBaHHH 6bin Bw6paH panoH B oKpe- 
CTHOCTHX panHOTexHHHecKoro Koprryca TYCYP 
(pnc 3), pacnojioxeHHoro Ha BHCOKOM (npaBOM) 
6epery p. ToMb. Tpacca HMeex yrcui HaioioHa K 3eM- 
Hoft noBepxHocra 2,96° H nparaaceHHocn. r= 1064,2 M 

(PHC. 4). ripHeMHaa ycraHOBKa pacnonaranacb Ha 
BHCOKOM npaBOM 6epery peKH («DF» Ha pwc. 3). 

where S(t), C(t) are /- and ß-quadra- 
tures. 

The experiments area was chosen on 
the steep (right) shore of Tom river 
near the Radioengineering building of 
TUCSR (Fig. 3). The path of 1064,2 m 
long has 2,96° elevation angle (Fig. 4). 
The receiver was installed on the right 
shore of Tom river, and the radar location 
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Experimental Investigations of Polarization Structure... 

PJIC 6buia pa3MemeHa Ha HH3KOM JICBOM 6epery    was on the lower flat country. 
p. ToMb Ha paBHHHHOH MeCTHOCTH. 

PHC. 2.  AHTCHHan naHejib c nojrapHMeTpHiecKHMH 
aHTCHHaMH 

Fig. 2.    Antenna board with polarimetric antennas 

PHC. 3.   BHä C no3HUMH PJIC Ha npHeMHbift nymcr 
Fig. 3.    View of receiving point («direction finder» (DF)) from location of radar system 

Ha no3HUHH npHeMHoft ycTaHOBKH B nepe- 
aHeii nojiycdpepe B pajmyce 3 M OTcyrcTBOBanH 
aexajm KOHcrpyicmrä, Mecmbie npeoMerbi H non- 
cmnaiomafl noBepxHocrb. IIo3HUHa pacnojiara- 
jiacb Ha o6pbiBHCTOM 6epery co CKHOHOM 30°. 
BwcoTa aHTeHH Han 3eMJieft cocraBJiajia 5,05 M. 

H3MepeHHH npoBOOTWHCb B nepHOfl c 29.09.03 no 
5.10.03 ÄBa pa3a B cyncH UHioiaMH no Tpn naca. 
KaauibiH UHicn coaepaoiT pan. OTÄejibHbix ceaH- 
COB. CeaHCH BbinojmajiHCb ana KOHRperaoro 
nojioxeHHH aHTeHHbi PJIC OTHOCHTejibHO ropH- 
30HTa; ÄHH KOHKpeTHoro pexHMa opHeHrauHH 
HHA PJIC B ropH30HTanbHOH IUIOCKOCTH (HaBe- 
üeHHe Ha npHeMHbiö nyHKT HJIH HenpepbiBHoe 
CKaHHpoBaHHe no a3HMyry); ana pasjiHHHbix no- 
jiapH3au.Hft H3JiyqeHHoro cHinajia. 

At the receiving site there were no 
structure parts, any local objects and 
background within 3 m radius hemisphere. 
The site was on the steep shore with 30° 
slope. The antennas height above ground 
surface was 5,05 m. The measurements 
were done twice a day (three hours cycle) 
since September 29 till October 5, 2003. 
Each cycle consisted of several sessions. 
Every session was performed with spe- 
cific elevation and azimuth angles of the 
antenna pattern, in fixed azimuth and 
azimuth scanning modes, and with diffe- 
rent polarizations of transmitted signal. 
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PHC. 4.   npo(J)HJifa xpaccw 
Fig. 4.    The path's profile 

HMeeTca pan. cnoco6oB omicaHHfl COCTOH- 

HHH nOJlflpH3aUHH MOHOXpOMaTHHeCKOH BOJIHbi: 
HcnoJib30BaHHe ajumnca nojmpH3am™, napaMeT- 
poB CTOKca, ccpepu IlyaHKape [1-3]. npencTaB- 
jieHHe BeKiopa ajieicrpHHecKoro IIOJIJI B Bum 
npoeKUHH Ha opToroHajibHbie OCH fleKapTOBofl 
CHCT6MH   KOOpflHHaT  HBJIHeTCJl  flOCTaT04HbIM, 
MTo6bi nepenra OT Hero K jnoßoMy H3 nepemic- 
jieHHbix cnoco6oB onncaHHH COCTOHHHH nojiH- 
pH3auHH. Jinn STOH uejin ncnojib3yeTCH nora- 
pH3auHOHHoe oTHomeHHe 

There are such different ways to 
describe the polarization state of mono- 
chromatic EM wave as polarization 
ellipse, Stokes parameters, Poincare 
sphere [1-3]. It is sufficient to present 
an electric field vector by the Cartesian 
projections in order to use any of the 
mentioned techniques. Toward this end 
the polarization ratio is used 

'(<p,-<p,) 

B aaHHofi pa6ore no« nojiHpH3auHOHHbiM 
oTHOineHHeM noHHMaercH omomeHMe ropH30H- 
TanbHOH H BepTHKanbHoft cocTaBJiHromux nojifl. 
<Da3a nojiHpH3auHOHHoro oraouieHHH paBHa pa3- 
HOCTH (ba3 Me>Kfly ropH30HTanbHOH H BepTHKajlb- 
HOH cocTaannioiuMMH. 

Oco6eHHocTbK) cmyauHH aBJweTCfl HMnyjibc- 
Hbift xapaicrcp cwraanoB. YnreM, HTO nepeoaBaeMbie 
CHraanbi y3KonoJiocHbie, Tax mo Ha npneMHOM 
KOHue Tpaccw Ha Bbrxoae nojwpH3auHOHHbrx pac- 
menHTeJieft cnraaribi MOXCHO npeflcraBHTb B Bnae 

In the paper we mean the 
polarization ratio as ratio of the horizon- 
tal and vertical field components. The 
polarization ratio phase is the phase 
difference between the horizontal and 
vertical components. 

The peculiarity of our case is pulse 
nature of the signals. Since the transmitted 
signals are narrow-band, the signals at the 
polarization splitter outputs of the recei- 
ving channel are written as 

sr (0 = A (0 cos (a0f + q>x (0),   sy (t) = Ay (0 cos (a0t + yy (tj). 

Toraa nojiapHsauHOHHoe OTHomeHHe The the polarization ratio takes the form 

Pit) 
s'x(t) __ 4t(0 j{f,M-9/0] 

s\,{t)~ Ay{t)e 
(2) 

Moay^b 3Toro oraouieHHH p(t) = Ax(t)/Ay(t) H 

ero <pa3a 0(0 = 9,(0 ~9>.(0 3aBHCHT OT Bpe- 
MeHH. 

Bo3MO>KHOCTb npeflCTaBJieHHH nOJIHpH3aUH- 
oHHoro OTHOiiieHHfl KaK (byHKUHH BpeMeHH npe- 
üycMaTpHBaeTCH B MOHorpadMH [3]. O^HaKO, 3K- 
cnepHMeHTajibHbie aaHHbie o5 H3MeHeHHH nojia- 
pH3auHH HMnyjibCHbix cHraajioB B TeneHHe HX 

ÄiiHTeJibHOCTH B H3BecTHOM HaM JiHTepaType OT- 
CyTCTByiOT. 

The modulus of p(t) = Ax(t)/Ay(t) ratio 
and its phase $(0 = 9,(0-9/0 are 
time dependent. 

The authors of [3] considered a pos- 
sibility of presenting the polarization ratio 
as temporal function. However, there are 
no experimental data on polarization 
variation within pulse signals duration in 
the literature. 
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PHC. 5 noKa3biBaeT pacnpeaejieHHe no ipacce 
ynacTKOB MCCTHOCTH, HaH6ojiee CHJibHO BJIHHIO- 

mHx Ha npHHHMaeMLie CHTHanbi. Kax BHJSHO, Han- 
öojiee CHJibHO BJIHHCT MecTHOcn, B6JIH3H nepe- 
flaTHHKa H B6JIH3H npHeMHHKa. KpyTOH 6eper 
TOMH, Ha KOTopoiw pa3Memajiacb npneMHaa yc- 
TaHOBKa, pacceHBaeT cnrHajibi, H nacrb H3 HHX 

nona^aeT Ha BXOä npHeMHbix aHTeHH. 

Figure 5 shows distribution of the 
locality areas along the path, which mostly 
influence the received signals. It is evident 
that zones near the transmitter and recei- 
ver have the most influence. The steep 
shore of Tom river, where the receiver 
was placed, scatters the signals and part 
of them comes to the receiving antennas. 

PHC. 5.  KapTa paÄHojioKauHOHHWX oTpaxeHHH Hcoiie,ayeMoro paftoHa npn 
HyjieBOM yrjie MecTa nepeflaromeft aHTCHHH 

Fig. 5.   Map of radar reflections within the investigated area (elevation angle 
of transmitting antenna <t>=0°) 

JJjm yBejiHHeHHH TOHHOCTH oueHKM no.ua- 
pH3arjH0HHbix napaMeipoB nana npw o6pa6oT- 
Ke nepBHMHbix flaHHbix npoH3BOflHJiocb ycpefl- 
HeHHe no nerapeM .miarpaMMaM. Tax KaK Haqano 
KaXflOM ÄHarpaMMbI  He 6bUIO CHHXpOHH3HpO- 
BaHo OTHOCHTejibHO Haqajia rbaitaa, TO npenBa- 
pHTejibHo flHarpaMMbi HanparuieHHocra coBMe- 
UianHCb KOppeJIHUHOHHHM MeTOflOM. 

ripoaHajiH3HpoBaB nojiyieHHbie pe3yjibTaTbi, 
aBTopbi npHiujiH K cjieflyroiuHM BbiBOflaiw: 

1. B TeHeHHe flJiHTejibHOCTH npHHHMaeMoro 
HMnyjibca Moayin. | p \ u 4>a3a <D nojiapH3auHOH- 
HOrO OTHOUieHHH H3MeHHK)TCa. H3MeHeHHH npoHc- 
XOflHT, B OCHOBHOM, B TeHeHHe flByX-TDeX BpeMeHHbK 
itHCKperoB ALTJI OTHOCHTejibHO Havana HMnyjibca, 
TO ecTb B TeHeHHe 25-40 HC. Jlpjiee no OKOHHaHHH 
urraTHofi flmrrejibHocrH HMnyraca (300 HC) Monyjib 
H <ba3a ocraiOTCH npH6jm3HTejibH0 nocToaHHMMH 
H BHOBb MeHHJOTCH B nepHOÄ cnaaa. OT onbiTa K 

onbiTy MOÄyjib H 4>a3a nojiaproaiiHOHHoro OT- 

HOmeHHfl MeHHIOTCH MajIO (CKO 3THX BejIH- 
HHH MaJIO), 4T0 CBHfleTeJIbCTByeT O flOCTOBep- 
HOCTH nOJTVHeHHMX flaHHHX. 

2. H3MeHeHHe Moayjia H (pa3bi narcapH3a- 
UHOHHOrO OTHOIIieHHfl B TeHeHHe .ZUIHTeJIbHOC- 
TH HMnynbca 3aBHCHT OT nojiapH3auHH H3jryHeH- 

In order to improve the accuracy of 
the polarization parameters estimation, 
the primary data were averaged by four 
recorded patterns. Since the start of every 
pattern was not synchronized with begin- 
ning of data file, then the recorded 
patterns were firstly matched by the 
correlation method. 

Analysis of the measurement results 
allows to draw the conclusions. 

1. The modulus | p | and phase $ of 
the polarization ratio change within du- 
ration of the received pulse. In general, 
the changes take place during 2 or 3 time 
steps of ADC from the pulse beginning, 
i.e. during 25-40 ns. Further, up to the pulse 
duration end (300 ns) the modulus and 
phase are almost invariable and they 
again start changing during the pulse 
drop. The values of | p | and 0 change 
slightly from one experiment to another 
(standard deviation is small), that con- 
firms the data reliability. 

2. Variation of the modulus and 
phase of the polarization ratio within 
the received pulse duration depends on 
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Horo cHraana H opHeHrauMH B npocrpaHCTBe 
nepeaaiomeft aHTeHHbi. IlpH o6jiyHeHHn npneM- 
HHKa ocHOBHWM JienecTKOM flHA (pa3a nojia- 
pM3aUHOHHOrO OTHOIIieHHfl H3MeHfleTCH Ha 20- 
50°, a 60KOBWMH - Ha 70-140° H 6ojiee. Moayjib 
noJi»pH3auHOHHoro oTHomeHHH, KaK B niaB- 
HOM, TaK H B 60KOBHX jienecTKax flHA, MoaceT 
H3MeHHTbCH B flecflTKH pa3, npHHeM opToro- 
HanbHwe cocraariaiomHe CHraana He Bceraa OR- 

HOBpeMeHHO flocraraioT ypoBHH peracTpauHH. 
3. riojiflpH3aiiHOHHoe oTHomeHHe B raaB- 

HOM JienecrKe AHA B cepeflHHe HMnyjibca npn- 
HHMaeT 3HaneHHe OT 3 no 10. 

4. nOJI$ipH3aUHOHHOe OTHOlIieHHe B J11060M 
BpeMeHHOM ceneHHH HMnyjibca 3aBHCHT or yr- 
JIOBOTO nojioMceHHfl aHTeHHbi PJ1C, HTO BHAHO 

npH paccMOTpeHHH pHC. 6-9. npn 3TOM: 

- Moayjib nojiflpH3auHOHHoro OTHOUICHHH | p \ 
CHJIbHO H3MeHfleTCfl B 3aBHCHMOCTH OT yr- 
jioBoro nojioaceHHfl aHTeHHbi PJ1C no a3H- 
Mjry H yrjiy MecTa, npHHeM ero MaKCHMyM 
H MHHHMyM COOTBeTCTByiOT MHHHMyMaM flH- 
arpaMMbi HanpaaneHHOcra nepeflaromen aH- 
TeHHbi Ha BepraKanbHOH HJIH ropH30HTajib- 
HOH nojiapH3auHH. B STHX TOHKaX OH 6JIH30K 

K Hyjiio JIH6O K 100, TaK HTO npHHHMaeMbiii 
CHrHaJI  MOXCHO  CHHTaTb  nOJIflpH30BaHHHM 
ropH30HTaribHo wm BepTHKajibHo, He3aBH- 
CHMO OT (pa3bl nojiflpH3auHOHHoro OTHOUie- 
HHA; 

- H3MeHeHHe (pa3bi noJiapH3auHOHHoro OTHO- 

lIieHHH B 3aBHCHMOCTH OT yTJIOBOTO  nOJIO- 
aceHHH aHTeHHbi PJIC HOCHT cJiyiaftHbiH xa- 
paKTep c pacnpeflejieHHeM BepoflTHOCTefl, 
ÖJIH3KHM K paBHOMepHOMy B HHTepBajie ±71. 
<J>a3a nojiapH3auHOHHoro oTHonieHHa B npe- 
aejiax niaBHoro jienecTKa ÄHarpaMMbi Ha- 
npaaneHHOcTH ocTaeTca npH6jiH3HTejibHO 
riOCTOHHHOH. 
5. Ko3(p4)HUHeHT KoppejiflUHH (R) no/ia- 

pH3aUHOHHOTO  OTHOUieHHH  B TOHKaX,  pa3He- 
ceHHbix no ropH30HTanH Ha (1,6+10)A., Haxo- 
ilHTca B npeaejiax 0,85-0,7 (pnc. 10). 
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polarization of the radiated signal and 
angle coordinates of the transmitting 
antenna. While irradiating the receiver 
by the main lobe and side lobes, the 
phase <J> of the polarization ratio changes 
up to 20-50° and 70-140° and more, cor- 
respondingly. The polarization ratio 
modulus can varies by dozens of times, 
while the orthogonal signal components 
reach the registration level not always 
simultaneously. 

3. For the main lobe, the polariza- 
tion ratio varies from 3 to 10 in the 
middle of pulse duration. 

4. One can see in Fig. 6 to 9 that the 
polarization ratio depends on the angle 
coordinates of the radar antenna for any 
time cut of pulse. In this case 
- the modulus | p | of the polarization 

ratio strongly changes depending on 
azimuth and elevation angles of the 
antenna; its maximum and minimum 
values correspond to minima of the 
transmitting antenna pattern on the 
vertical and horizontal polarizations. 
At these points the ratio is close 
either to zero or 100, so that the 
received signal can be considered as 
horizontally or vertically polarized 
regardless of the phase 4>; 

- changes of the polarization ratio 
phase, as function of angular coor- 
dinates of the radar, are random with 
a probability distribution close to even 
distribution within the interval ±n. 
The phase of the polarization ratio 
remains nearly constant within the 
main lobe. 

5. Correlation coefficient of the po- 
larization ratio in the points spaced hori- 
zontally by (1,6^10)A. varies from 0,85 to 
0,7 (Fig. 10). 
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PHC. 6.  YpoBeHb npHHHMaeMbix cHmajipB (yroji Mecra nepeaaioineft aHTeHHM 

(j)=6°, V - BepTHKajibHaa cocTaarwiomäH, H - ropH30HTajibHa$t 

cocTaBJiHKMnaH, ß - yroji OTBopoTa nepeaaioiiieH aHTeHHbi) 
Fig. 6.    H- and V-channel received signals versus transmitting antenna azimuth ß 

(elevation angle of transmitting antenna <|>=0o) 

PHC. 7.  Moayjib nojwpH3au;noHHoro OTHOiiieHHH 
Fig. 7.    Modulus of polarization ratio versus transmitting antenna's azimuth 

PHC. 8.  <E>a3a nojrapH3amioHHoro OTHOIUCHHH 
Fig. 8.    Phase of polarization ratio versus transmitting antenna's azimuth 
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0 0.5   1   1.5   2  2.5  3   3.5  7   17 21 

PMC. 9.  THcrorpaMMa Monynn n<vwpH3aimoHHoro omoiiieHMa npn 
xpyroBOM CKaHHpoBaHHH nepcflaiomeft aHTCHHM 

Fig. 9.    Sampled histogram of polarization ratio under circular scan of 
transmitting antenna 

8      10     12      14 

PHC. 10. KoppejwuHH Moayjw nojwpH3aiwoHHoro oraoiueHHH npH nonepeHHOM 
pa3HeceHHH npHeMHbix aHTeHH (D - npocTpaHCTBeHHuft pa3Hoc) 

Fig. 10.  Correlation of polarization ratio's modulus under horizontal space 
diversity (D) of receiving antennas 
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PaccMompenbi ocuoehbie npummu o6pa3oeaHun 
6OKO80ZO usAymemm 3epK.anbHbix anmeuH, o6ocm- 
eana Heo6xodimoanb ucnonmoeanun SKcnepiweH- 
ma/ibHbix cmamucmuiecKiix xapaicmepucmuic öAH 
oufiHKii 3/ieKmpoHHOÜ coBMecmwuocmu PTC, npuee- 
deitbt netcomopue pesyAbmamu lOMepemiu, eunoA- 
neHHbie, e warmocmu, npu npueMe cuzuanoe ocuoe- 
Hoii u opmozoHwibHoü noAnpmaiaiu laAynemn. 

Characteristics of Sideward 
Radiation of Reflector Antennas 
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Tomsk State University of Control Systems 

and Radioelectronics 
Lenin Ave. 40, Tomsk, 634050, Russia 

E-mail: rwplab@orts.tomsk.ru 

The main reasons of reflector antenna 
sideward radiation are considered. The 
necessity to use experimental statistical 
quantities for estimation of radio systems 
compatibility is substantiated. Some measu- 
rement results obtained in particular for 
co- and cross-polarized received signals 
are given in the paper 

IIpH aHanH3e aneicrpoHHOH coBMecTHMocra 
coBpeMeHHbix pazwoajieKTpoHHHX YKB CHcreM 
pa3JiH4Horo Ha3Ha4eHHH B03HHKaeT Heo6xo,an- 
MOCTb OljeHKH ypOBHH CHrHajIOB, 06pa30BaHHbIX 
60KOBBIM HanyneHHeM nepeflaioiuefl aHTeHHbi 
HJIH npHHHTbix aHTCHHaMH c HanpaBJieHHH, pac- 
nojioaceHHbix 3a npenejiaMH OCHOBHOTO Jienecnca 
jmarpaMMbi HanpaBJieHHocTH. B O6OHX cjiynasix 
HJOKHa HHdpopMaUHH O TOHKOH VTJIOBOH CTpVK- 
Type flwarpaMMbi HanpaBJieHHocra B npeaejiax 
nojiHoro yraa B ropH30HTajibHOH H BepraKarib- 
HOH ruiocKOCTHX HJIH xoTfl 6w B npeflejiax oc- 
HOBHoro, ÄByx-Tpex nepBbix 6OKOBHX H 3ajjHero 
jienecTKOB. B o6meM cjiynae BaacHO HMeTb TaKyio 
AHarpaMMy KaK JJJIH OCHOBHOH nojinpH3auHH 
H3jiyneHHH, TaK H JJJIH apyrax, HanpHMep, opTo- 
roHajibHoft. 

BoKOBoe H3JiyneHHe HJIH 6OKOBOH npneM 
3epKanbHbix aHTeHH [1,2] HMCIOT Mecro 3a CTCT 

cnejjyiomHX npHMHH: KpaeBbix BOJIH, HCXO/JHIUHX 

OT KpoMOK 3epKana; KpaeBbix BOJIH, orpaxeHHbix 
or noBepxHocTH 3epKana; nojui o6jiyMaTejia, He 
nepexBaTHBaeMoro 3epKajioM; nojiH UJIOCKOH 

BOJIHM, pacceHHHoft Ha o6jiyHaTeJie HJIH Bcno- 
MoraTejibHOM 3epicajie (ecjiH OHO HMeeTca) H 

3JieMeHTax HX KpeiuieHHH; nojiH, pacceHHHoro 
HepoBHOCTHMH 3epKajia H Äp. 

3HeprHH H3JiyHeHHH, oSycjioBJieHHafl nepBbiMH 
TpeMa npHHHHaMH (sHepraa juKppaKUHH) co- 
cpeÄOToneHa, B OCHOBHOM, B o6jiacTH nepBbix 

The level of signals caused by radia- 
tion of transmitting antenna side lobes 
or received from directions outside the 
receiving antenna main lobe should be 
estimated in order to analyze the electro- 
magnetic compatibility of different 
modern UHF electronic systems. In both 
cases, we need an information about 
fine angle structure of antenna patterns 
within full angular range in the vertical 
and horizontal planes, or at least within 
the main and 2-3 sidelobes. In general 
case, it is necessary to have such infor- 
mation both for co-polarized and for 
other (for instance, cross-polarized) ra- 
diated signals. 

The main reasons of sideward radi- 
ation and reception of a reflector antenna 
[1, 2] are such ones as edge waves due to 
the reflector edges; edge waves scattered 
by the reflector's surface; field of irra- 
diator, which is not intercepted by the 
reflector; field of flat wave scattered by 
the irradiator or additional reflector (if 
it exists) and supporting elements; field 
caused by the reflector's roughness, etc. 

Energy of radiation due to the first 
three reasons (diffraction energy) con- 
centrates mainly within the first side- 
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öoKOBbix jienecTKOB H cocTaaiaeT OKOJIO 4-5% 
Bceß 3HeprHH. MejiKaa crpyKrypa sToro H3Jiyne- 
HHfl 3aBMCHT or oTHouieHHH ÄHaMeipa 3epKana 
K ÄHHHe BojiHH. 3HepraH pacceflHHfl Ha oojiyna- 
Tejic, BcnoMoraTejibHOM 3epKane H sjieMemax 
HX KpemieHHfl, cocTaB^aeT OKOJIO 12 % Been 
SHeprHH H saKJHo^eHa B oöjiacTH KaK 6jw)KHe- 
ro, TaK H flanbHero HanyncHMH. SHepraa, pac- 
ceHHHaa Ha HeoaHopo/JiHocTHX 3epKajia, Taicxce 
jiejKHT B o6jiacra 6jiH)KHero H aajibHero 60K0- 
Boro HanyneHHa, oaHaKO ee pacnpenejieHHe B 
npOCTpaHCTBe MOXHO CMHTaTb paBHOMepHHM. 

PaccMOTpeHHbie Bbime cocTaBJiaiomHe 60K0- 
Boro HanyMemw amenHM HMejor paaraHHbie (pa3H, 
B pe3yjibTare nero .nHarpaMMa He oöjiaaaeT ieT- 
KOM  nepHOflH4eCKOH  CTpyKTypOH,  a UIHpHHa H 
ypoßeHb jienccncoB TOMCHHIOTCH B UIHPOKHX npe- 
aejiax. ECJIH 6oKOBoe H3JiyieHHe B HeKoropoH 06- 
jiacro yrjioB 6JIH3KO K MOHOTOHHOMY, TO (ba3a ero 
B 3TOH OÖJiaCTH npajCTHHeCKH nOCTOHHHa. 06 H3- 
MeHeHHH 4>a3bi OT jienecrKa K jienecTKy MCKKHO 
cyflHTb no rayöHHe npoBanoB Meagry HHMH; Ha- 
jiHHHe rjiy6oKHX npoBanoB CBJtaeTejibCTByeT o 
6oJIbIUHX H3MeHeHHHX (pa3bl. 

Pa6oTa aHTeHHH B peanbHOM o6craHOBKe co- 
npoBoxmaercH orpaxeHHCM CHraanoB ocHOBHoro 
jienecnca ÄHarpaMMbi OT MCCTHOCTH, MCCTHMX 
npe/jMeTOB, onopHo-noBopoTHoro ycrpoHCTBa, 
sjieMeHTOB KOHcrpyKUHH cHcreMbi H np. Orpa- 
xceHHbie cHTHaribi 3Ha4HTeJibHo HcicaxaioT non- 
Hyio flHarpaMMy H npHBo/w K KaacymeMycH yße- 
JIHHCHHIO ypoBHH ooKOBOTO H3JiyHeHHH (npHeMa) 
aHTeHHbi. OflHaxo MMCHHO sra Kaxymaacfl m- 
arpaMMa H flOJDKHa yMHTbiBaTbCH npH peineHHH 
3aflaH SJieKTDOHHOH COBMeCTHMOCTH.  3aMeTHM, 
mo nepeoTpaaceHHbie cHrajuibi B 3Ha4HTejibHoft 
creneHH cjiyHaftHbi, B pe3yjibTare nero Kaxyma- 
HCH jwarpaMMa nocroHHHO H3MCHHercH. 

yKa3aHHbie npH4HHM o6pa30BaHHH öOKOBO- 
ro H3jiyHeHHH npHBOflHT Taioce K cymecTBOBa- 
HHK) (npweMy) cHraana, HMeiomero oTJiHHHyio 
OT OCHOBHOH nojiapH3auHK). 06MHHO npeflcraB- 
jweT HHTepec cnrHaji nojiapH3au;HH, opToro- 
HajibHOM K OCHOBHOH, H Toraa roBopflT 06 ÄH- 
arpaMMax HanpaBJieHHOcTH aHTeHHbi /JJIH 
OCHOBHOH H MX ODTOrOHajIbHOH nOJlflpH3aUHH. 

M3MepeHHfl noKa3HBaioT, «rro/jHarpaMMbi Ha- 
npaBneHHOcTH HMeror qeTKO BwpaxeHHyro nepH- 
OÄHHecKyio crpyKrypy TOjibKO B oönacro nepßwx 
öoKOBbix H 3aflHero jienecncoB H npH oTcyTCTBHH 
3Ha4HTejIbHbIX oTpaxeHHHX CHmaJIOB. OflHa H3 
raKHX ÄHarpaMM um napaoomwecKOH 3epKanb- 
HOH aHTeHHbi npHBeaeHa Ha pHc. 1 [2]. 

Kax ynoMHHajiocb Bbiuie, xapaicrepHCTHKH 
öoKOBoro H3Jiy«ieHHH noÄBepxeHH BpeMeHHbiM 
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lobes and equals to 4-5% of all energy. 
The fine structure of this radiation 
depends on the reflector diameter to 
wavelength ratio. The energy scattered 
by the irradiator, additional reflector 
and supporting elements is about 12% 
of all energy and is concentrated as in 
near and far-field zones of the sideward 
radiation. The scattered energy due to 
the reflector roughness is uniformly 
distributed in near and far-field zones. 

The components of the antenna side- 
ward radiation have different phases. As 
a result, the antenna pattern has no clear 
periodical structure, and width and level 
of sidelobes vary considerably. If the 
sideward radiation is nearly monotonous 
within some angle range, then its phase 
is practically invariable in this range. The 
inter sidelobes depression points to the 
phase variation. So, for example, deep 
depression is the evidence of essential 
phase variations. 

The real antenna operation is accom- 
panied by the main lobe signal reflections 
from background, local objects, antenna 
drive mechanism, supporting elements 
of the system design, etc. The scattered 
signals considerably distort the antenna 
pattern and lead to apparent increasing 
the sideward radiation (reception) level. 
However, it is the apparent pattern that 
should be taken into account while 
solving the EMC problem. Let us note 
that retro reflected signals are mainly 
random and, therefore, the apparent 
pattern varies continuously. 

The given reasons of sideward radi- 
ation lead also to depolarization of the 
received signals. As a rule, orthogonally 
polarized signal is of interest. In that 
case, two antenna patterns (one for co- 
and another for cross-polarization) 
should be investigated. 

Measurements show that antenna 
patterns have clear periodical structure 
only for the first side and back lobes, 
and when there are no strong scattered 
signals. An example of such patterns in 
the case of parabolic reflector antenna 
is shown in Fig. 1 [2]. 

As was mentioned above, the side- 
ward radiation characteristics are func- 
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H npOCTpaHCTBeHHHM (yrJIOBWM) H3MeHeHHHM. 
3TO o6CTOHTeJIbCTBO npHBOflHT K HeoGxOflHMO- 
CTH CTaTHCTHqecKoro onucaHHH flHarpaMMbi 
HanpaBJieHHocxH, TeM 6o;iee, HTO B SojibiiiHHCTBe 
3aflan ajieicrpoHHOH COBMCCTHMOCTH B3aHMHoe 
yrjioBoe nojioxceHHe KaK CHCTCM, TaK H flHar- 
paMM HanpaBJieHHocra HX aHTeHH TOHHO He 
onpeaejieHO HJIH H3MeHfleTca. B STOM cjiynae He- 
o6xOflHMO HMCTb TaKHe XapaKTepHCTHKH, KaK 
CpeflHHH OTHOCHTejIbHblH ypoBeHb 6oKOBoro H3- 
jiyHeHHH vum 3aKOH pacnpeflejieHHfl ero B 3aflaH- 
HOM ceKTope yrjioB H aHajionMHbie xapaicrepHc- 
THKH ana uiHpHHbi jienecTKOB; B psme cjiynaeB 
Heo6xoflHMbi aaHHbie äHH cHraajioB opToroHanb- 
HOft nOJIHpH3aiIHH. 

tions of time and space (angles). This 
dependence is condition on necessity of 
statistical decsription of the pattern. An 
additional argument for such descrip- 
tion is that the most of EMC problems 
do not provide for known mutual orien- 
tation of the systems and their antenna 
patterns. In this case we need to know 
such characteristics as average relative 
level of sideward radiation or its distri- 
bution law, and the same characteristics 
for lobes width (sometimes we need data 
for orthogonally polarized signals as 
well). 
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PHC. 1.  HnarpaMMa HanpaRjieHHOCTH napa6cwiHiecKOH 3epKajn>Hoft 
aHTeHHH. Ko3<p4)HUHeHT ycroieHHH 46 äB Ha lacroTe 6 ITu 

Fig. 1.    Directional pattern of parabolic reflector-type antenna with 46 dB 
amplification factor at 6 GHz 

ITpHBeaeM nojijrqeHHbie HaMH aaHHbie fljm 
HeKOTOpbix aHTeHH, ycraHOBJieHHbix Ha peanb- 
HHX n03HUHHX. 

Ha PHC. 2 npHBeneHa 3anHCb npHMoro CHraana, 
npHHHMaeMoro Ha MopcKOH Tpacce Ha paccTOH- 
HHH 430 KM npH KpyroBOM cKaHHpoBaHHH nepe- 
aaromeö napaöojnmecKOH aHTeHHH MeipoBoro 
jmana30Ha c ropH30HTanbHOH nojiHpraauHeft. 
riepHoa CKaHHpoBaHHH aHreHHbi cocraBrow 28 ceK, 
uiHpHHa ÄHarpaMMbi HanpaBjieHHOcra B ropn- 
30HxanbHOH IIIIOCKOCTH 4°, B BepTHKanbHOH 22°. 
H3MepeHHH npoBOflHJiHCb npH npnevie Ha BH6pa- 
TopHyio anreHHy. B KaaytoM ceaHce perHCTpHpo- 
Banocb no 250 AHarpaMM nepeaaiomeH aHTeHHW 
c 3anHCbK> CHraajia OCHOBHOH nojiHpH3auHH. 
06pa6oTKa pe3yjibTaT0B H3MepeHHH CBOflHJiacb 
K nocTpoeHHK) rHCTorpaMM MaKCHManbHbrx ypoB- 
Heft CHrHajia OCHOBHOTO H 6oKOBbix JienecncoB 
AHarpaMM HanpaBJieHHocTH. Ha PHC. 3 npe,ncraB- 
jieHH rHcrorpaMMbi oimoro H3 Taraix ceaHCOB. 

Now we present the data obtained for 
some antennas operating in field condi- 
tions. 

Fig. 2 shows an example of direct 
signal recording received on sea path (430 
km) in the case of round scanning of 
transmitting parabolic VHF antenna with 
horizontal polarization (the scanning 
period is 28 s; the main lobe width are 4° 
and 22° in the horizontal and vertical plane, 
correspondingly. The measurements were 
done with dipole as the receiving antenna. 
250 patterns of the transmitting antenna 
with co-polarized signal were recorded 
during every session. Histograms of maxi- 
mum level of the main and sidelobes of 
the patterns were calculated during the 
results processing. Fig. 3 shows an example 
of histograms obtained in the course of 
one of the sessions. 
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dBW 

-90 «fesa 
PHC. 2.   npHiuep nocjreflOBaTejibHoK 3ann«t flnarpaMM HanpaBJreHHoera 

napa6ojiHHecKofi aHTCHHbi Ha «aflbHocra 430 KM 
Fig. 2.    Example of consecutive recording of directional patterns of parabolic 

antenna at 430 km distance 
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PHC. 3.   THCTorpaMMW MaKCHMa^bHoro ypoBH« (U) .nenecxKOB warpaMMU HanpaB*eHHOcra 
napa6ojiHHecKoft aHTeHHM Ha ÄajibHocro 430 KM: a), b), c) - TpH jieua 6OKOBHX 
jienecTKa; d) - niaBHHft jienecTOK; e), f), g) - TpH npaBbix 6OKOBHX jienecTKa 

Fig. 3.    Histograms of maximum level (U) of parabolic antenna lobes at 430 km distance: left 
sidelobes (a), (b), (c); main lobe (d); right sidelobes (e), (f), (g) 

AHajiorHMHbie Aumue 6bura nojiyHeHbi B 10-CM The similar data have been obtained in 
HHanaBone BOJIH Ha MOPCKOH rpacce npoTH-     10-cm wavelength band over the sea path 
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xeHHOCTbio 495 KM. flepe^a-ronc HMOI cKaHnpy- 
jonryio no a3HMyry aHTeHHy c BepraKMbHofi no- 
^apH3auHeft. CKopocn. CKaHnpoBaHHH 36 rpaji/c, 
uiMpHHaflHarpaMMbi HanpaBJieHHocTH B ropH30H- 
TajibHoft ruiocKocTH 0,75°, B BepraKajibHOH - 2°. 
YpoBeHb CHraajia ropH30HTanbHOM nojwpH3auHH 
B MaxcHMyMe ocHOBHoro jienecnca He npeBbiuiaji 
-30 flE OT cHraana Ha OCHOBHOü nojMpH3auHH. 
IlpHeM ocymecTBjwjica Ha HenoflBHXHyio napa- 
DOJIHHeCKyiO CHMMeTDHIHyiO aHTeHHy AHaMeTpoM 
2,5 M, HMeromyro nojiHproauHOHHbiH pacmemi- 
Tejib cHraajioB. 06pa3HH 3anncH Taiaix cHraaflOB 
npHBefleHH Ha pnc. 4. 

495 km long. The transmitting antenna was 
vertically polarized azimuthally scanning 
antenna. The scanning speed was 36° per 
sec, and the main lobe width was 0,75° 
and 2° in the horizontal and vertical plane, 
correspondingly. The level of horizontally 
polarized signal in the main lobe maximum 
was -30 dB relatively the vertically polarized 
signal. Stable symmetrical parabolic 
antenna (2,5 m diameter) used for signals 
reception had polarization splitter. Some 
examples of the recordings are shown in 
Fig. 4. 

a) 
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PHC. 4.  06pa3UM npHHHMaeMoro CHraana cjcaHHpyiomero HCTOHHiuca 10-ciu ,zrnana30Ha Ha 
MopcKoft Tpacce OTHHOH 495 KM: a) BepraicaiibHaa nojiflpioauHsi, b) ropH30HTajibHafl 
nojiHpH3aiwa 

Fig. 4.   Examples of received signals from S-band scanning source at 495 km sea path: a) 
vertical polarization, b) horizontal polarization 
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PHC. 5.  YcpeflHeHHaH 3aBHCHMocTb ypoBHa CHraajioB OT ynia oTBopoTa nepeaaiomeft 
aHTeHHbi: a) cHraaji OCHOBHOH (BepTHKajibHoft) nojiapH3auHH H ero 
cpeflHeKBanpaTHHecKoe onuioHeraie; b) TO ace pjm CHraajia Kpocc-nojiapraauHH 

Fig. 5.    Averaged received signals level versus azimuth deviation of transmitting antenna: a) main 
(V-polanzed) signal and its standard deviation, b) the same for cross-polarized signal 

Ha PHC 5 npHBeaeHbi ycpeÄHeHHbie 3a cy- 
TOHHMH ceaHC H3MepeHHH aHarpaMMbi HanpaB- 

Fig. 5 shows 24 hours averaged patterns 
of the transmitting antenna and standard 
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XapaKtnepucmum 6oKoeozo umynenm 3epicajibHbtx anmeHH 

jieHHOCTM nepeaaiomeH anreuHM H cpe/rHeKBan- 
paTHHecKHe oTKJioHeHHfl ypoBHH B pa3J»HHbix TOT- 
Kax fliiarpaMMbi. Cpe^Haa umpHua nnaBHoro Jiene- 
CTKa Ha ocHOBHOH nojisipH3airnH cocraBHJia 0,83° 
co cpeflHeKBaflpaTHHecKHM oranoHeHHeM 0,39°; Ha 
OpTOrOHajIbHOH nOJIHpH3aUHH - COOTBeTCTBeHHO 
1,43° H 0,98°. 

AHajiH3 3KcnepHMeHTajibHbix flHarpaMM, no- 
JiyHeHHblX HaMH H 3aHMCTBOBaHHMX H3 jimepa- 
Typbi (6ojiee 40 0flH03epKajibHwx napa6ojwHec- 
KHX aHTeHH c ycHJieHHeM 30-50 n$ ana OCHOBHOM 
noJiflpH3auHH), noKa3an, MTO ypoBeHb 6oKOBoro 
Hsjiy^ieHHjj fljw npoH3BcuibHoro HanpaaneHHH 
H3MeHHeTCH OT +(15-10) oB ao -(40-50) ziE 
oTHOcnrejibHO H30TpoiiHoro HarynaTeira. BepoHT- 
HOCTb ypoBHH HHxe, TOM y H30TponHoro H3ny*ra- 
TCJia, cocxaBJiaer 0,91; c BepoHTHOcrbio 0,5 ypo- 
BeHb He npeBbimaeT -18 jxB. IÜHpHHa 6OKOBHX 
^enecTKOB MoaceT KaK npeBbiuiaTb umpHHy oc- 
HOBHoro jienecTKa, TaK H 6biTb MHoro yxs ero. 

riojiyMeHHbie pe3ynbTaTbi no3BOJiHKrr oueHHTb 
ypoBeHb H3JiyMeHHa (npweMa) CHmajia OCHOB- 
HOH no^flpH3auHH, a TaioKe ypoBeHb CHrHajia 
opToroHajibHoii nojmpH3auHH B ceKTOpe 6OKO- 

BOrO M3JiyHeHHH aHTeHHbl. 

JlHTepaTypa 

[1] B.E. KHHÖep. O 60KOBOM H3JiyneHHH 3ep 
KajibHbix aHTeHH. PaflHOTexHHKa H ajiex 
TpoHHKa, 1961, N° 4 

[2]   CßH3b Ha CBepXBbICOKHX nacTOTax. 
CBH3b, 1967 

deviations of the signal level for different 
points of the pattern. The average width 
of the main lobe is 0,83° (with 0,3?" 
standard deviation) and 1,43° (0,98°) 
for for co- and cross-polarized signals, 
correspondingly. 

Analysis of our experimental patterns 
and found in literature (more than 40 
single-dish parabolic antennas with 30- 
50 dB gain for the main polarization) 
has shown that level of the sideward 
radiation in arbitrary direction varies 
from (15+10) to -(40+50) dB relative an 
isotropic radiator. The probability of the 
level to be less than for an isotropic 
radiator is 0,91; the sidelobes level is 
less than -18 dB with 0,5 probability. The 
sidelobes width can be as wider and 
much more narrow than the main lobe. 

The given results allow to estimate 
level of radiation (reception) of the co- 
polarized signal as well as the cross- 
polarized signal level in the angular 
domain of antenna's sideward radiation. 
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OueilKa T01H0CTH H3MepeHHH 
HHTeHCHBHOCTH ÄOJKflH 
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AHcmu3upyemcH momocmb mMepenusi immeHCue- 
Hocmu doxcdx paduojiomnuoHHUMu cnocoöoMu npu 
ucno/ib3oemuu e Kanecmee umepumoeo napaMempa 
paduoAOKauuoHHOÜ ompaoKaeMOcmu. noKtaanu 
npuHUHbi 603HUKHoeemin nozpeumocmu umepemü 
u nonyneHbi ee so3M03KHue miaienHbie sHmemui 

K HHCJiy MeTeopojiorewecKHx napaMeipoB, 
npeflcraBJiHiomHX 3HamiTejit.HbiH npaicraqecKHH 
HHTepeC, OTHOCHTCH HHTeHCHBHOCTb OCaflKOB. 

fljia XHflKHX ocaflKOB HHTeHCHBHOCTb onpe- 
aejraeTCH cooTHouieHHeM [1] 

/ = 6TI-10-
4
 )p{de)d]V{de)d{de). 

Accuracy Estimation of Rain 
Intensity Measurement by 

Radar Techniques 

N.N. Badulin, S.V. Matveenko 

Surgut State University 
Energetikov Str. 14, Surgut, 626400 

E-mail: bnn@mail.ru 

Accuracy of rain intensity measurements 
with using radar techniques, when the radar 
reflectivity was measured, is analyzed in 
the paper. Sources of errors are shown and 
possible error values are estimated 

Precipitations intensity is one of 
important meteorological parameters of 
great interest in practice. 

In the case of liquid precipitations 
the intensity is described as [1] 

(1) 

3flecb p(d), MM-'-M"
3
 - (hyHKUHH pacnpeaejie- 

HHH nacTHU ocaflKOB B eflHHHue o&beMa BO^ryxa 
no3KBHBajieHTHbiMÄHaMeTpaM, V(dt) - CKopocn. 
naaeHHH Hacnm B 3aBHCHMOCTH or 3KBHBaneHT- 
Horo flHaMeTpa, dmln H dmax - MHHHManbHbiH H 

MaKCHMajibHbift anaMerpH Macrou, /- HHTCHCHB- 

HOCTb OCaflKOB B MM/H. 
3a cieT B03ÄeHCTBHH aapOÄHHaMHHecKHX era 

(popMa naaaromeft B B03«yxe Kamm BOAH OT- 

JIHHHa OT  c4>epHHeCKOH.  fljIH  HHTeHCHBHOCTH 
ocaflKOB onpeflejiaiomHM jnuiaeTCH o6ieM na- 
aarouiHx xanejib, a He HX <bopMa. riosTOMy B (1) 
4>HrypHpyeT napaMeTp de - ÄHaMeTp aKBHBaneH- 
THOH no o&beMy cfpepnqecKOH MacTHirbi. 

OCHOBHHM napaMerpoM, HecymHM HHcpopMa- 
UHK) 06 OCaflKaX npH paflHOJIOKaiTHOHHOM 30H- 
anpoBaHHH, HBJiaeTca paAHOJioKauHOHHaa oTpa- 

xaeMocTb Z, MM
6
/M

3
 [1] 

Z= ]p{de)dfd(de). 

Here p(d), nun-'-ni'! is the function 
of precipitation particles distribution in 
unit air volume, de is the equivalent 
diameter, V(de) is the particles fall 
velocity, d . and rf are maximum and 
minimum particle diameters, 1 is the 
precipitation intensity, mm/hour. 

The form of a falling water drop in 
air differ from fully spherical being in- 
fluenced by aerodynamic forces. For 
precipitation intensity, volume of the 
falling drops is more important para- 
meter than their form. Therefore, in (1) 
we use equivalent (to the volume) 
spherical particle diameter de. 

The main informative parameter in 
the case of radar sounding is the radar 
reflectivity Z, mm6/m3 [1] 

(2) 

OyHKUHOHanbHaa cBH3b MOKfly paflHOJioica- 
UHOHHOH OTpaxaeMOCTbK) H HHTeHCHBHOCTbK) 

Dependence between the radar reflec- 
tivity and rain intensity can be found only 
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noyKW MoxeT ÖHTb ycxaHOMeHa TOJIBKO npH 
H3BeCTHbIX p(rf ) H   V(d). 

HaHÖojiee npocrae BbipaxeHHe pjin  V{d) 
aHajiH3npyeTca B [2] H HMeeT BHA 

V(de) = 4.lde
c 

IloCKOJIbKy OCHOBHOH BKJiafl B paflHOJIOKaUHOH- 
HyiO OTpaxaeMOCTb H B HHTeHCHBHOCTb ocajiKOB 
aaeT KpynHOKanejibHan nacTb cneKTpa pa3MepoB 
Kanejib [3], MOJKHO yqHTMBaTb TOjibKo HHcna^a- 
touryio MacTb cneicrpa, annpoKCHMHpyn ee SKC- 

noHeHTOH, HBJMiomeHca HacrabiM cnynaeM ramia- 
pacnpeÄejieHHa. 3TO pacnpeflejieHHe H3BecTHO B 

paflHOJioKauHOHHoft MeTeopojionm Kax pacnpe- 
aejieHHe Mapuiajuia-IlajibMepa 

p(de) = NXe- 

3flecb NH X - napaMerpbi pacnpeflejieHHfl. A'HMe- 
CT CMbicji KOHuempauHH Kanejib, a X onpeaejiaeT 
uiHpHHy cneicrpa. 

Mcnojib3yH cooTHomeHHH (1), (2), (3), (4), 
MoacHo nojiyHHTb 

if p(de) and V(d) are known. 

The simplest expression for V(d) 
was analyzed in [2] and looks like 

(3) 

As the main contribution in the radar 
reflectivity and precipitation intensity is 
determined by large drops part of the 
particle dimensions spectrum [3], we can 
to take into account only drooping part 
of the spectrum, approximating it with 
an exponent as a particular case of the y- 
distribution, which is known in meteo- 
rology as the Marshall-Palmer distribution 

(4) 

Here N and X are the distribution para- 
meters, which characterizes the drops 
concentration and the spectrum width. 

Using expressions (1) to (4) we can 
derive 

"\   D   ' (5) 

/ = 9-10_2JV- 

BHUHO, HTO HHTeHCHBHOCTb OCaflKOB H paflHO- 
jioKauHOHHafl OTpaacaeMocTb onpeuejunoTCH na- 
pawfeTpaMH cneicrpa pa3MepoB Kanejib N H X. 

Ha 3aBHCHMocrax rana (5), (6) ocHOBaHbi 
cymecTByioiUHe cnoco6bi H3MepeHHa HHTCHCHB- 

HOCTH ocaflKOB no HX PJI OTpaxaeMocra. npn 
3T0M OflHH H3 napaMeTpOB 3aflaeTCfl npOH3BOJlb- 
HO, H3 CHCTeMH ypaBHeHHH (5), (6) HCKJIIOHaeTCfl 
BTopoH napaMeTp, H nojiyqeHHaa TaKHM o6pa- 
30M 3aBHCHMOCTb Z(f) CJIVXHT OCHOBOH flflfl H3- 
MepeHHH. npoH3BO^ B 3aflaHHH oflHoro H3 na- 
paMeTpOB npHBOflHT K 6ojIbIIIHM norpeillHOCTOM 
H3MepeHHH [4]. CnpaBCZPIHBOCTb 3TOTO yTBepx- 
JieHHH cnezryeT H3 aHMH3a cooTHouieHHii (5), (6). 
AeHCTBHTeJibHo, noflCTaaaafl (6) B (5), MOXHO 
nojiyHHTb 

216-102 

3.S ' (6) 

Z = 
N •0.42 

H3 (7) cjieayeT, HTO 6e3 flonojiHHTejibHOH 
HHcpopMauHH o napaMeTpe N (HJIH X) HeB03- 
MoacHo ycTaHOBHTb ToqHyio (pyHKUHOHajibHyio 
cBA3b Meaory panHOJioKauHOHHOH oTpascaeMocTbio 
OCaflKOB Z H HX HHTeHCHBHOCTbJO /. 
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Apparently, the intensity and radar 
reflectivity depend on parameters N H X 
of the drop size spectrum. 

The existing measurement methods 
of the precipitation intensity by the 
radar reflectivity are based on (5) and (6). 
In this case, one of the parameters is 
choosen arbitrary, then the second 
parameter is excluded from equations set 
(5), (6). The dependence Z(l) obtained is 
the basis for measurements. It is clear 
that the arbitrary choice of one of the 
parameters leads to large measurement 
errors [4]. It follows from analysis of (5), 
(6). In fact, substituting (6) into (5) gives 

rl.7! 
(7) 

It follows from (7) that it is impos- 
sible to find correct functional relation 
between the radar reflectivity Z and pre- 
cipitations intensity / without additional 
information about parameter N (or X). 
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Ha npaKTHKe npn H3MepemiH HHTCHCHBHOCTH 

oca^KOB PJI cnoco6oM nojib3yioTC« aMmipHHec- 
KHMH COOTHOIIieHHHMH, &IH3KHMH K (7) [1]. 

IlpH HcoieflOBaHHH norpeuiHocTH Bbmncjie- 
HHH HHTCHCHBHOCTH flCBKflH npH npOH3BOJIbHOM 
3aaaHHH 3aBHCHMocTH napaMeipa K(I) HaMH 
6buiH nocTpoeHH KpHBbie, H3o6paxeHHbie Ha 
pnc.1. Pa3^x)CMaKCHMajn>HbixnorpeiiraocreftoqeHb 
BejiHK — caMaa MajieHbKa» norpeuiHOCTb 
84/TOr=50%ÄTraA,4(7),acaMaH6onbiiiaa 81/mm.=400% 
BM K^I). 

In practice, empirical relations close to 
(7) are used [1] while measuring precipi- 
tations intensity, by the radar method. 

In order to evaluate errors in the 
intensity calculations arising from 
arbitrary choice of X(I) dependences, 
we have drawn curves shown in Fig. 1. 
Dispersion of maximum errors is too 
large. The smallest error is 84/mn.=50% 
for \(I), and the largest is S1/maI=400% 
for X,,(7). 
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PHC.   1.    3aBHCHMOCTb 3HaqeHHH nOrpeiUHOCTH 8 OT HHTeHCHBHOCTH / 
Fig. 1.    Dependence of error 8 versus intensity / 

H3 nojryqeHHbix pe3yjibTaTOB cne^yer, HTO npH 
HCnOJIb30BaHHH SMnHpHHeCKOrO COOTHOUieHHH 
ÄJIH OUeHKH HHTeHCHBHOCTH ÄOXflS no H3MepeH- 
HOH paflHOJioKauHOHHOH OTpaxaeMocra norpem- 
HOCTH Moryr 6bm> onem. 6ojibiiiHMH. 

Ufln yMeHbiiieHHH MaKCHMajrbHoft norpeiimo- 
CTH Heo6xoÄHMO OäHH H3 napaMeTpOB cneicrpa 
pa3MepoB Kanejib nojiynaTb HenocpeacTBeHHO, 
rryreM ero H3MepeHHH jvw Kaayroro AOHCOH oa- 
HOBpeMeHHO c H3MepeHHeM Z. Toraa cHcreMa 
ypaBHeHHH (5), (6) o;rH03HaHHo peuiaercH OTHO- 

CHTejibHO Z, I H H3MepaeMoro napaMeTpa H no- 
rpeuiHocTb cymecTBeHHO yMeHbuiaeTCH. 

Jinn nonyneHKH flonoraorrejibHOH HHcbopMauHH 
o cneicrpe pa3MepoB Kanean. npH paflHonoKauHOH- 
HOM 3ommpoBaHHH MeTeoo6pa30BaHHH Moryr 6brrb 
HCnOJIb30BaHbI nOJMpH3aUHOHHHe H3MepeHHH [5]. 
Maine Bcero H3MepHeMbm nonHpH3airHOHHbiM na- 
paMeTpoM HBnaeTCH OTHomeHHe ypoBHea axo- 
CHraaiioB npn BepraKajibHOH H ropH30HTanbHOH 
nojwpH3auHHX H3jryHeHHa, TOK Ha3biBaeMaa flH(b- 
(pepeHHHanbHaa paaHQJioKauHOHHaa orpaxaeMOCTb. 
IlpH 3TOM ÄonycKaiOT, HTO Bee Kamm opHeHmpo- 
BaHbi crporo ropH30HraiibHo, T.e. a - yran Mojyry op- 
TOM nojiapH3anHOHHoro 6a3Hca H npoeidDieH fjojib- 
HIOH nojiyocH 3JuiHnconwa Ha roiocKocrb 6a3Hca 

It follows from the results obtained 
that errors can be very large when the 
empirical relation is used to estimate the 
rain intensity with using the measured 
radar reflectivity. 

In order to decrease the maximum error, 
one of the drop size spectrum parameters 
should be measured for every rain measu- 
rement directly and simultaneously with 
measuring Z. In such a case, the equations 
set (5), (6) can be unambiguously solved 
relatively to Z, / and measured parameter, 
so that the error decreses essentially. 

Polarization measurements may be 
used for extracting additional informa- 
tion on the drop size spectrum [5]. The 
most often measured polarization para- 
meter is the ratio of vertically and hori- 
zontally polarizes echo-signals (so called 
differential radar reflectivity). In this 
case, one can suppose that all drops are 
horizontally oriented, i.e. a (angle between 
the polarization basis orth and projection 
of the large ellipsoid semiaxis on the basis 
plane) is equal 90°. It also leads to some 
error in the measurements. We estimated 
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paßeH 90°. ricöTOMy B npouecc H3MepeHHfl BHO- 

CHTCK HeKOTopaa norpeiiiHocTb. HaMH 6biJia npo- 
H3BefleHa oueHKa norpeniHocra H3MepeHHH HH- 

TCHCHBHOCTH flO>KHH MeTOflOM nOJMpHMeTpHH AJM 
pa3Jii«HHX flHcnepcHM yrjioB a. 

Jlfla oueHKH norpeiiiHocTO BbiönpaeM HHTep- 
Ban B03M05KHMX 3HaqeHHH d - fluaMeTpoB Ka- 
nejib, paBHbiH 0,3 ... 6,0 MM, H pa3ÖHBaeM ero Ha 
HeCKOJIbKO 3JieMeHTapHMX HHTepBaJTOB, B Kax- 
flOM H3 KOTOpblX HaXOflHM SKBHBaJieHTHblH flH3- 
MeTp. flanee, 3aaaeMCH KaKHM JIHSO 3HaneHHeM N 
H coOTBCTCiByiomHM 3HaneHHeM /. Mcnojib3yfl (6), 
pacCTHTbmaeM napaMerp X H wn icaayioro 3jie- 
MeHTapHoro HHTepBajia onpeaejuieM njioTHOcTb 
BepoHTHOCTH pacnpe/iejieHHfl Kane;ib no pa3Me- 
paM B COOTBeTCTBHH C (4). 

Unn flajibHefiiuero aHajiH3a 6buia ncnojib30- 
BaHa KOMnbiOTepHJia nporpaMMa - HHcneHHaa MO- 

aenh PJ1 KaHana, pa3pa6oTaHHaa aBTOpaMH. Oc- 
HOBHOH 3aflaHeM, KOTopyio npecjieflOBajiH aBTOpbi 
npH ee co3flaHHH, HEiwuiocb cosaaHwe HHcrpyMeHTa, 
C nOMOIUbK) KOTOporO MOJKHO MOflejIMpOBaTb Ta- 
KHe peajibHbie cHryauHH, KaK pannojioKauHOHHoe 
30HHHpOBaHHe MeTe006pa30BaHHH, MOpCKOM H 3eM- 
Hoft noBepxHcxrrH, ipynnoBbix ueneii, uejieß, coro- 
MepHMbix c aneMeHTOM npocrpaHCTBeHHoro pa3- 
peuieHHH JioKaTopa, H TX 

rpa(pHK 3aBHCHMOCTH BbFOICJieHHOH BejIIMH- 
Hbi oTHOCHTCJibHOH cpeflHeKBajipaTHHecKOH no- 
rpeiUHOCTH H3MepeHHH HHTCHCHBHOCTH ÄOJKflH (£>) 
OT cpeflHeKBaapaTHMecKoro onoioHemra yrjioB a 
noKa3aH Ha pwc. 2. 

[/>(«) 

an error of the rain intensity in measure- 
ments with using the polarimetric tech- 
nique for different dispersions of a angle. 

To estimate the error, we choose 
the interval of possible drop diameters 
d (0,3 to 6,6 mm), and divide it into 
several elementary intervals; then for 
each intervals we found the equivalent 
drop diameter. Further, we assign 
specific values of N and /. Using (6), 
we calculate parameter X and determine 
drops distribution density by size in 
accordance to (4) for each elementary 
interval. 

For the following analysis, a PC 
software (numerical model of a radar 
channel) was developed by the authors. 
The main purpose of the authors' soft- 
ware was to create a tool which could 
simulate such real scenarios as radar 
sounding of weather objects, sea and 
land surfaces, multiple target, targets 
comparable with radar resolution cell 
and so on. 

Figure 2 shows the dependence of 
the calculated relative standard error 
of the rain intensity (D) estimate on 
standard deviation of a angle. 

PHC.   2.    Tpa(J)HK 3aBHCHMOCTH OTHOCHTejIbHOfi nOrpeiUHOCTH D, % OT 
cpeAHeKBaflpaTHiecKoro oTKJioHeHHH VTJIOB a 

Fig. 2.    Dependence of ratio error D,% versus standard deviation of a angles 

B pe3yjibTare npoBeÄeHHoro HcoieflOBäHiw no- 
Ka3aH0, MTO npeHe6peaceHHe xaonwHocTbio opH- 
eHTauHH Kanejib, MoxeT nprooflHTb K oinH6icaM B 

The given investigations have shown 
that neglecting the chaotic character of 
drops orientation may lead to errors of 
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H3MepeHHH HHTeHCHBHOCTH flOXflJL 0#H£tKO B03- 
MOXHM norpeiiiHocEb B aaHHOM cjrynae 3Ha*TH- 
TejubHo MeHbuie, HQM npH Hcnojib30BaHHH PJI cno 
co6a 6e3 npHmenemvi nojiapHMeTpuH. 

Hfln cpaBHeHHH norpeuiHOCTH H3MepeHna aox- 
iia paflHOJIOKaUHOHHbIM MeTOJOM H MCTOflaMH c 
npHBireHeHHeM nojiapHMeTpHH, HaMH 6HJIO 
Hcnojn>30BaHO 4HcxteHHoe MOfle^HpoBaHHe. Hc- 
nojib3ya pacnpe^ejieHHe Kanejib no pa3MepaM, 
6jiH3Koe K peanbHOMy, Heo6xoflHMO no (1) H (2) 
onpe^ejiHTb, cooTBeTCTBeHHO, «ncTHHHyio» HH- 
TeHCHBHOCTb flOXJW H «HCTHHHyiO» PJI OTp£DKa- 
eMocTb X. 

CpaBHHM nojiyqeHHoe 3HaneHHe HHTCHCHB- 
HOCTH c Han6oJiee nacTO HcnoJib3yeMMM 3Mnn- 
pHHecKHM cooTHomeHHeM ma pac^era / no H3- 
MepeHHoii Z 

Z = 200-/'- 

B aaHHOM cxrynae norpenmocTb BMIHCJICHMH 
HHTeHCHBHOCTH WWW COCTaBJIHeT 60-80%  (B 
3aBHCHMocTH OT BH#a pacnpe,iiejieHHH). 

Tenepb paccHHTaeM HHTCHCHBHOCTB aoayw c 
npHBJieMeHHeM nojiapHMeTpHH. ,H)IH 3TOTO Heo6- 
xoflHMo nepecqnTaTb Bbi6paHHbiö cnemp pac- 
npe/iejieHura c yqeraM sjumnccmmocm Kanejib 
(B KaiecTBe ncxozmoro pa3Mepa Bbi6npaeM Bep- 
THKajiBHbrii pa3Mep Kanejib). Hcnojib3ya noJiyqeH- 
HbiH cneicrp, paccMHTHBaeM paflHojioKarrHOHHyio 
oTpaacaeMocTb no (2) H (paicrop cpopMbi 

the rain intensity measurement. However, 
the possible error in the given case is 
much smaller than in the measurements 
without using polarimetry. 

In order to compare errors arising 
in the rain measurements using the radar 
method and polarimetric methods, we 
have made numerical simulation. Using a 
drops size distribution close to real one, 
it is necessary to calculate «true» rain 
intensity and «true» radar reflectivity X 
by (1) and (2), correspondingly. 

Let us compare the calculated 
intensity with the empirical relation, 
which is most often used for calculation 
of / value by measured Z 

p = Zv/ZH. 

B Haumx painoix HccjieflOBaHHHX noKa3aHO, «rro 
HUTeHCHBHOcrbflojKHH (c annpoKCHMauHeH cneic- 
Tpa pa3MepoB pacnpeflejieHneM Mapmajuia- 
IlajibMepa) MCOKHO onpeaejiHTb no (bopiwyjie 

(8) 

In the given case, the error of the rain 
intensity calculation is 60-80% (depen- 
ding on the distribution kind). 

Now, let us calculate the rain intensity 
with using polarimetry. For this purpose 
we need recalculate the chosen spectrum 
of distribution considering the ellipsoid 
form of drops (as the initial size we use 
the drops vertical dimension). Using the 
spectrum obtained, we calculate the radar 
reflectivity (2) and the form factor 

(9) 

In our earlier investigations it was 
shown that the rain intensity (when the drop 
size spectrum is approximated by Marshall- 
Palmer distribution) can be found as 

/ = 1.55 1Q-5 

2,5 (1.03-p) 

IIorpeuiHocTb BbiHHcneHHH B aaHHOM cjiy- 
lae He npeBbimaeT 30-40%, B 3aBHCHMOCTH OT 
BHfla pacnpeaejieHHa. 

TaKHM o6pa30M, B aoioiafle HaMH npoaHa/iH- 
3HpoBaHbi ocHOBHbie HCTOHHHKH norpeuiHoc- 
Teft  npH   H3MepeHHH  HHTeHCHBHOCTH ÄOaCflH. 
IIoKa3aHo, HTO MeTo.za.1 H3MepeHHH c npHBjieqe- 
HHeM nojiapHMeTpHH no3Boji5noT cymecTBeHHO 
cHH3HTb Be^HHHHy 3THX norpeuiHOCTeH. 

•z. (10) 

JIwrepaTypa 

[1 ]  CrenaHeHKo B.,ZL PaflHOJioKanjra B Mereopo- 
jioum. - JI.: rHflpoMeTeoH3aaT, 1973, 343 c. 

In this case, the calculations error 
does not exceed 30-40%, depending on 
the distribution kind. 

Thus, the main sources of errors of 
the rain intensity measurements have 
been analyzed in the paper. It is shown 
that the methods using polarimetry allow 
to essentially decrease the errors. 
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XapaicrepHHM äJIH KOPOTKOBOJIHOBOTO (KB) 
pa^HOKaHana HBjraeTCfl MHorojryHeBaa HHTeprpe- 
peHUHH, KOTopaa npHBOflHT K rjryrJOKHM 3aMnpa- 
HHHM cHrHajioB, cmtscaa oTHomeHHe cnman/ 
iuyM H, cjieflOBaTejibHo, flocroBepHOCTb nepe^a- 
MH cooömeHHft. ^acTHbiM arynaeM HHTeprJepeHUH- 
OHHbK 3aMHpaHHH CHTHaJlOB HBJMIOTCH nOJIHpH3a- 
UHOHHbie   3aMHpaHHH   [1]   npHMHHa  KOTOpMX 
3ajonoHaeTCH B noBopore nnocKocra nojiHpH3amni 
BO/THM npn ee pacnpocrpaHeHHH B aHH3arponHOH, 
HeoflHopoflHoii cpe^e B HanpaBJierom CHJIOBMX JIH- 

HHH MarHHTHoro nojra 3eMJm. nojrapn3airjioHHbie 
3aMHpaHHH HaojuoflaiOTCH pexe HHTeprpepeHUH- 
OHHBIX (B 10... 15% Bcex cnynaeB [2]), onnaKO HX 

yMer npH opraHH3aiTHH CBJBH HMeeT HBHO Bbipa- 
xeHHyro npaKranecKyio HanpaBJieHHocrb. 

PaccMOTpuM H3MeHeHHe nojiapH3auHH H3Jiy- 
MaeMoft BOjiHbi B HecTauHOHapHOH flHcneprapy- 
roineH aHH30TponHoft cpe^e. H3BCCTHO [3-6], HTO 

BparneHHe nnocKOcra nojiapHsauHH paflHOBOjm B 

HOHoccpepe o6ycjioBJieHo HX ManorroHOHHbiM pac- 
mermeHHeM Ha o6biKHOBeHHyK) /, H HeoobiKHo- 
BeHHyio I2 KOMnoHeHTbi, B o6meM cnyqae c 3Ji- 
mmurqecKOH nojrapH3airjneH. CKopocrb BpaiueHHH 
niaBHOH OCH ajunmca nourapHBaLruH npocrpaHciBeH- 
HOH BOJTHbl 3aBHCHT OT yTJia MÖKfly TpaeKropHeft 
paflHOJiyMa H BeicropoM HanpaxeHHocrH reoMarHHT- 
Horo nojifl, or paooqeft qacroTH H or pacnpeaejie- 
HHH aneiopoHHOH KomjeHTpauHH B HOHoabspe. YrcM 
noBopora rmocKocm nojiapiraaiiHH npHHHMaeMbrx 
paflHOBOJiH npsTMO nponopuHOHajieH pa3Hocra cpa- 
30Bbrx nyreH oobiKHOBeHHoro H Heo6biKHOBeHHo- 
ro jryqeH. Rjvi TpaeicropHH HHHHBiwyajibHoro Mo^a 
H npn noHTH QUHHaKOBbrx 3aTyxaHHHX MaraHTO- 
HOHHblX KOMnOHeHT B HOHoccpepe H3MeHeHHe 
no^apH3auHH BO BpeMeHH npHBOflHT K nepeflo- 

The multipath interference is typical 
for short wave (HF) radio channel, and 
it leads to deep signal fadings that reduces 
the signal-to-noise (SN) ratio and, hence, 
the reliability of information transfer. Po- 
larization (Faraday) fadings [1] are spe- 
cific case of the interference signals fading. 
The reason of this effect consists in rotation 
of EM wave polarization plane during its 
propagation through anisotropic non- 
uniform medium along the Earth magnetic 
field lines. The polarization fadings are less 
observed than the interference fadings 
(10... 15% of all cases [2]), however their 
account in communications systems is of 
large importance. 

Let us consider changes of radiated 
wave polarization in non-stationary dis- 
persive anisotropic medium. It is known 
[3-6] that rotation of radio waves pola- 
rization plane in ionosphere is caused by 
their magnetoionic splitting into ordinary 
/, and extraordinary /2 components, 
generally with elliptical polarization.The 
rotation velocity of the main axis of spatial 
wave's polarization ellipse depends on angle 
between radiobeam path and vector of 
geomagnetic field strength, operation 
frequency and distribution of electron 
concentration in the ionosphere. The 
rotation angle of the polarization plane of 
received radiowaves is directly proportional 
to difference of phase trajectories of the 
ordinary and extraordinary beams. For 
individual mode path and almost equal 
attenuations of the magnetoionic compo- 
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üoeumeme omHomemm cuzHan/uiyM 3a wem adanmuemzo ynpaeneHua noJwpu3aweü ... 

BaHHK) MaKCHMVMOB H MHHHMyMOB ypOBHH CHr- 
Hajia, KOTopbie onpeflejiaioTCH BCJIHIKHOH yrjia 
Meagry BeKTOpoM Hanpa>KeHH0CTO ajieKipH^ec- 
Koro nojiH, HaBOflHMoro B npHeMHon aHTeHHe, 
H nojmpH3auHen npHxoaamero paaHocHraajia. 
r^yÖHHa MHHHMyMOB npHHHMaeMoro cnraajia 
3aBHCHT OT CTCneHH JIHHeHHOCTH nOJlflpH3aUHH 
npHXOflfllUHX paflHOBOJIH. 3T0 HBJUieTCH CJieflCTBH- 
eM Toro, HTo cyMMa paanoBOJiH c KpyroBoft no- 
JIflpH3aUHeH H C nOMTH OÄHHaKOBMMH aMIWHTy- 
ziaMH o6pa3yeT BOJIHM c nojrapH3auHeH, 6JIH3KOH 

K JIHHeHHOH. 
HmeHCHBHocTb pe3y/ibTHpyiomero cHraajia 

MoxeT 6biTb onpeaejieHa B BHfle [3] 

nents in the ionosphere, the polarization 
change in time leads to alternation of 
signal maxima and minima, which de- 
pend on field vector E induced in the 
receiving antenna and polarization of 
incident radio signal. The minima depth 
of the received signal depends on polari- 
zation linearity degree of received radio 
waves. It is a result of the fact that sum of 
circularly polarized radiowaves with al- 
most equal amplitudes form the waves 
which polarization is close to linear. 

The resulting signal intensity can be 
written as [3] 

/ = /,+/2 + 2>//I-/2-cos<p, (1) 

rfle <p = ®. f(„2 -nt)ds - pa3H0CTb <pa30Bbix nyreH 

06bIKH0BeHH0H H Heo6bIKHOBeHHOH BOJIH. B cjry- 

Mae, Koma njmMeHHasi nacTOTa co^, <s co, Ba- 
pnauHH pa3H0CTH <pa30Bbix nyTeft onpeflejiHKvr- 
CH COOTHOUieHHeM [4] 

where cp = —J(«2 -njds is difference of 

phase trajectories of ordinary and 
extraordinary waves. When the plasma 
frequency co^ <s co, these variations are 
defined by relation [4] 

Acp«2-104 
r AN-Z+N-AZ^ 

V f 
«2-104 N  f 

f 
■Z + AZ 

N N 
(2) 

rae Z - anHHa nyrH, npoxo^HMoro BOJIHOH B 

H0H0C(pepe, N = N(AZ). 
• ECJIH ynecTb, HTO flJiHHa nyrH B HOHoobep- 

HOM cnoe cocxaBJiaeT Z=1000 KM, paöoqaa m- 
cTora /■«15Mru, /^ 2404 CM^ TO (pjiyKryauHH 
(pa3H BOJiHbi onpeaejiHiOTCH cooraonieHHeM [3] 

where Z is the wave's ionospheric path 
length, N = N(AZ). 

If the path length in an ionospheric 
layer equals Z=1000 km, operation 
frequency/»15 MHz, H* 2-104 cm"3, the 
phase fluctuations are defined as [3] 

Acp«2-10 

MeflJieHHbie 3aMHpaHHH KB cnraajioB ooycnoB- 
JieHH norapH3aUHOHHbIMH 3aMHpaHHHMH KOpOT- 
KHX BOJIH npH flH<bpaKirHH Ha KpynHOMaciiiTa6Hbrx 
HeoflHopoflHOcrax cpeflbi H B pe3yjibTare MeflneH- 
Hbrx BapnauHH BMCOTM oTpaxeHH» BOJIH. Hanpn- 

Mep, ecjiH Z«100 KM H AN/N> UOr2 HJIH AZ 
«1 KM H N(AZ)«105 CM"3, TO, HCnOJIb3yH (2), 
nojiyHHM Acp > 1. OieflOBaTejibHo, 6ynyr Ha6jno- 
aarbcfl MewieHHbie BapnauHH npHHHMaeMbix cnr- 
HanoB c xapaicrepHOH ÄJiHTejibHOCTbio nopfljxjca 

T»10MHH. 
AHaJIH3 3KCnepHMeHTajIbHbIX HCCJieflOBaHHH 

Ha Tpaccax HaicnoHHoro 3OH0HpoBaHHH Boy3MeH- 
CTeH(popfl H JIo66oK-OreH(popa [6] noKa3bma- 
eT, HTO B flHeBHbie nacbi cpe/maa «BpeMeHHaa 
CKOpocTb» BpameHHH njiocKOcm nojiaproaujiH 
Ha o6enx Tpaccax äJIH Tpex HccjieayeMbix qac- 

2 AN 
N 

(3) 

The slow fadings of HF signals are 
caused by polarization fading of short 
waves diffracting on large-scale medium 
inhomogeneities and by slow variations 
of the waves reflection height. If Z »100 
km and AN/N > 2102, or AZ «1 km 
and JV(AZ)*105 cm"3, than we get Acp > 1 
by using (2). Hence, the slow variations 
of received signals will be observed with 
typical duration of order x «10 min. 

Analysis of the experimental investiga- 
tions on slope paths "Bousmen-Stanford" 
and "Lobbok-Stenford" [6] shows that in 
the afternoon average "time velocity" of 
the polarization plane rotation on both 
paths for three operation frequencies is 
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TOT cocraBJiHeT nopamca QHHH MHHHMYM 3a 2 MH- 

Hyrbi. B HOHHbie qacbi cpezmsa «BpeMeHHaa CKO- 

pocrb» BpameHHH ruiocKocm nojiapH3auHH cocraB- 
jwer oflHH MHHHMVM 3a 10 MHHyr. IIpH HaojnofleHHH 
cHraajioB HenpepbiBHoro HanyneHHH ycraHOBjie- 
Ho, HTO B flHeBHoe BpeMH «BpeMeHHaa CKOpOCTb» 
noBopora nnocKocm nojwpH3auHH MeHaerca B npe- 
aejiax 0,33... 1,25 oobporoB B Mjaryry [6]. Ho^bio 3a- 
BHCHMOCTb nOBOpOTa ITJIOCKOCTH nOJMpH3aiJHH OT 
HacroTbi Bbnue, neu m<SM, B 1-4 pa3a. 

CjieayeT OTMeraTb [7, 8], HTO nojiapH3amui 
paflHOBo^H, oTpaxeHHbix OT peaiibHOH HOHOC- 

4>epbi, HeycroöHHBa. K/iaccmecKaa MarroiTOHOH- 
Haa TeopMH [4], cnpaBeßnHBaH npw pacnpocrpa- 
HeHHH paaHOBOJiH B o^HopoflHofi cpene, He 
oötHCHHeT 3(p(peKTbi flenojiaproauim np« oTpa- 
XeHHH   OT HOHOC(pepbI   C  HeOflHOpOflHOCTHMH 
arceicrpoHHOH KOHuempauHH. B [7] noKa3aHa BO3- 

MOJKHocTb npeflcraBJieHUH HccjieayeMoro nojia 
B BHae cyMMbi cpezmero nojia, a raioKe nojiapw- 
30BaHHoro («p») H HenorapH30BaHHoro (««/») 
uiyMOB, o6ycjioBJieHHbix pacceaHHeM, 

about the one minimum per two minutes. 
At night, the average "time velocity" of 
the rotation equals to one minimum in 
10 minutes. While observing CW signals, 
it was found that in the afternoon the 
"time velocity" varies from 0,33 to 1,25 
revo [6]. At night, the rotation dependence 
on frequency is 1-4 times higher than in 
the afternoon. 

It should be noted [7, 8] that po- 
larization of radiowaves reflected from 
real ionosphere is unstable. The classic 
magnetoionic theory [4] is valid for 
wave propagation in homogeneous 
medium, and does not explain the 
effects of waves depolarization reflected 
from ionosphere with inhomogeneities 
of electron concentration. In [7], an 
opportunity for the field to be presented 
as a sum of average field and polarized 
(>") and non-polarized ("«/>") noises 
caused by scattering is shown 

E = {E) + gp +g"< 

riojiaproairHH nepBbix flByx qneHOB B npaBoft 
Mac™ (4) oOTHaKOBa, TaK Kaic aenojiaproaiiHa 
npH pacceHHHH Ha KpynHbix (/» X) HeoflHO- 
poÄHoerax Majia. CneflOBaTejibHO, ocHOBHaa qacn> 
paccejiHHOH BOJiHbi oGjiaaaeT TOO ace nojiapn- 
3auHeH, 4T0 H cpeflHee nojie. KoscbdwujieHT w- 
nOJiapH3aiJ(HH BOJ1HH, paBHblft OTHOUieHHK) 3Hep- 
THH HenojwpH30BaHHoft KOMnoHeHTbi K 3Hepnui 
Been BOJiHbi, HMeeT BHü [7] 

(4) 

Polarizations of the first two terms 
in the right side (4) are equal, since 
the depolarization while scattering on 
large (/» X) inhomogeneities is small. 
Hence, the main part of the scattered 
wave has the same polarization as the 
average field. The depolarization factor 
of the wave takes the form [7] 

(X/l)4 

:27t4(e)V 

3flecb napaMeTpbi 

1 + 4 
/  P 

\2 

X,     / 

Here parameters 

•   <e>>   ß2=H7(lSP>.    Po=(E,)/(E,) 

(5) 

3TO aroma BOJTHH, pasMepbi HeoflHopoOTOcm, are wavelength, inhomogeneity size, mean 
cpeflHeesHaqeHHeÄHs^eKipmecKOHnpoHHuaeMo- permittivity, perturbation characterisitic 
era, xapaicrepHCTHKa B03MymeHHocra pacceaH- of the scattered signal, and phasor of the 
Horo cHraana H (paaop cpezmero nojia, COOT- average field. Moreover, 1/R2*C where 
BeTCTBeHHO. up« 3TOM l/ß2«C, rae H 

C = n2 
(6) 

AH<UIH3 BbipaxeHHa (6) noicasbiBaeT, MTO The analysis of (6) shows that in- 
HHTeHCHBHocTb OCHOBHOH nacra pacceaHHoro tensity of main part of the scattered field 
nojia, onpeaejiaeMoro KaK 1/ß2, HSMenaeTca (1/ß2) changes inversely to mean per- 
oßpaTHo nponopuHOHajibHo cpe^HeMy sHaie- mittivity (s . Thus, the depolarization d 
HHio ÄHSjieiopHHecKOH npommaeMocm (E) . (5) varies inversely to (e)2. On the basis 
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IlpH 3T0M ,nenojiHpH3auHH d (5) MeHaeTca 06- 
paTHO nponopuHOHajibHO (E) . Ha ocHOBaHHH 
npoBefleHHoro aHajnoa MTOKHO caejiaTb BWBOä, 

qTo 3a flenojiapH3auHio orpaxeHHofi OT HOHOC- 

cpepbi BOJiHbi oTBeTCTBeHHa o6jiacn>, npHMbiKa- 
lOmafl K ypOBHK) OTpa>KeHHH. TojIUXHHa 3T0H 06- 
jiacTH flo^acHa 6biTb cymecTBeHHO MeHbiue, 
neM, HanpHMep, npn dwiyKTyauHHX cpa3M. Oie- 
ÄyeT o6paraTb BHHMaHHe H Ha TOT cpaicr, HTO 

npH oTpaaceHHH OT HeoflHopoflHocTew HOHoccpe- 
pbl ÖOJIblHHe OCH SJUIHTICOB narapH3au™ O6HK- 

HOBeHHOH H  HeOÖblKHOBeHHOH  BOJIH  He HBJIfl- 
K)TCH B3aHMHO nepneHzuncynflpHbiMM [7]. 

AflanTHBHoe ynpaarieHHe nojiHpH3auMeH na- 
aaiomeH BonHbi MoxHo peajiH30BaTb nyreM ne- 
pecrpoHKH MacroTbi HsnynaeMoro cHraara. npH 
nepecTpoHKe nacroTbi nepeaaTHHKa paflHocraH- 
UHH npoHcxoAHT noBopoT njiocKOCTH nojiaproa- 
mm BOJiHbi Ha yroji [5] 

of the niven analysis, it is possible to 
conclude that depolarization of the wave 
reflected from ionosphere is caused by 
area adjoining to the reflection level. The 
area thickness should be much less than, 
for example, under phase fluctuations. 
It should be noted that reflection from 
ionosphere inhomogeneities leads to 
effect when the main axes of the 
polarization ellipses of ordinary and 
extraordinary waves are not perpendi- 
cular [7]. 

An adaptive polarization control of the 
incident wave can be realized by frequency 
adjustment of sounding signal. While 
adjusting the frequency of broadcasting 
station transmitter, there is the polari- 
zation plane rotation at the angle [5] 

Q = k-^(Z1-Zl), 

rfle k=2iif/c - BOJiHOBoe HHCJIO, C - cKopocTb 
cBeTa, AZ= Z1-Zx - anHHa nyra, npoxo^HMoro 
BOJiHOHBnoHOCcbepe, £=0.5(n,-rt2), nl2-K03cb- 
CpHUHeHT npeJIOMJieHHH o6bIKHOBeHHOH H Heo- 
6bIKHOBeHHOH BOJiHbi, COOTBeTCTBeHHO. B flaH- 
HOM cjrynae 

rfle 

col = 

1- 

e'N 
OTE„ 

N 

where k=2%f/c is wave number, c is light 
speed, AZ = Z2-Z{ is ionospheric path 
length, 4=0.5(«,-«2), M, 2 is the refrac- 
tion index of ordinary and extraordinary 
waves. In this case 

1 
1 

where 

co, = \e\-V. Hn 

e = -1,6-10"19 Rn - 3apan3JieicrpoHa, /n=9,l-10-31 - 
Macca aneicrpoHa, e0=l/367i-10-9 O/M - aocojnor- 
Haa flHSJieKipiwecKaa npommaeMocrb CBOöQHHO- 
ronpocTpaHCTBa, jj.=4Tt-107 T/M - a6cojiiOTHaH 
MarHHTHaa npoHHuaeMocrb CBo6oflHoro npo- 
CTpaHCTBa, Ho[~0..A0 A/M - MoayjibHoe 3Hane- 
HHe npoflOJibHoti cocraBJifliomeH Beicropa Ha- 
npnxeHHOcTH MarHHTHoro nojiH 3eMJin. Ha 
OAHOCKaqKOBbix Tpaccax BejiHWHa H0L MoxeT 
6biTb paBHa Hyjiio TOJIMCO Ha oxneJibHOM BecbMa 
MajioM yqacTKe Tpaccbi. PacneTbi noKa3HBaioT, 
HTO npw AZ=1000...2000 KM, J\fal0"...1012 M

3
, 

ffOi«10...12 A/M, H npw ^=10...15 Mru ruiocKOCTb 
nojiHpH3auHH BOJiHbi KB-flHana30Ha noBepHeT- 
ca Ha yroji, He MeHbuiHH neM n/2, npH nepe- 
CTpoHKe Hecymefl nacTOTM 30H,zmpyiomero cur- 
Hajia npHMepHo Ha 130 KTU. flna KOHKperaoft 
Tpaccbi aaHHbiH flHana30H nepecrpoHKH nacTO- 
TW 6yaeT 3HaqHTejibHO MeHbuie. 

m 

e=-1,6-10-19 Kl and m=9,l-10-31 are 
charge and mass of electron, e0=l/ 
367I-10"9 F/m is the absolute permittivity 
of free space, n=47i-10"7 H/m is the 
absolute magnetic conductivity of free 
space, i/oi«0...40 A/m is modulus of 
longitudinal component of the Earth mag- 
netic field intensity vector. For single- 
jump paths, H0L value can be equal to 
zero only on a separate small section of 
the path. For AZ= 1000... 2000 km, N « 
10"... 1012 m3, #ot*10...12 A/m, and 
/M0...15 MHz, the short waves polari- 
zation plane will rotate at angle more than 
7i/2 while adjusting the carrier frequency 
of the sounding signal on 130 kHz. For 
specific path, the given frequency range 
may be much less. 
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Ha pHcyHKe noKa3aHa cTpyKTypHaa cxeMa Figure 1 shows block diagram of the 
6a30Boft paflHocTaHUHH, peanH3yiomeH ananraB-    base radiostation realizing the adaptive 
Hoe ynpaRJieHHe nojiHpH3auneH KB pa/nioBojiH.    polarization control of short radiowaves. 

11 

««-<' 10 12 

Info 

PHC. 

Fig. 

OrpyKTypHaH cxeMa 6a30BOH paflHOCTaHLnra: 1 - HCTOHHHK HHCpopMauHH, 2 — 
reHepaTop JTCM, 3 - 3aaaiomHH reHepa-rop, 4 - ynpaBJWiouiHH reHepaTop, 5 - 6JIOK 
JIOHIKH, 6 - cMecwrejib, 7 - npneMHbie 6JIOKH, 8 - (JMUILTP, 9 - ycroiHiejib 
MOUIHOCTH, 10 - ycHJTHTejib paflHo qacTOTbi, 11 - nepeÄaromaa aHTeHHa, 12 - 
npneMHaa aHTeHHa, Info - aamibie «m noTpe6HTeJiH HH(bopMauHH 
Block diagram of base radiostation: information source (1), chirp generator (2), driving 
oscillator (3), control oscillator (4), logical block (5), mixer (6), receiving units (7), 
filter (8), power amplifier (9), RF amplifier (10), transmitting antenna (11), receiving 
antenna (12), user data (Info) 

npHHjjjin pa6oTbi paflHocTaHUHH COCTOHT B 

cjieflyromeM. TpexHacroTHbiH KOPOTKOBOJIHOBMM 
paHHOCHmaji pa3HOCHTca TpeMH nepecrpaHBaeMH- 
MH dpHJibTpaMH Ha Hecymeft HacTore, ycHnHBaer- 
ca, MOflyjDipyeTCH H HsnyMaercH B npocrpaHCTBO. 
CwHajibi, nporueaiiDie HOHoerbepy, Ha Tpex nac- 
Tcrrax nocrynaioT Ha BXOA npHeMHOH aHTeHHbi, ycH- 
jiHBaiOTCH B ycnnHTene paflHOHacroTbi H Bbwejw- 
MTCH B Tpex npHeMHbix nepecrpaHBaeMMX (pHjnyrpax. 
Ilojiocbi nponycKaHHH rpHjnvrpoB pa3HocaTCH no 
Hacrcrre Ha Bem-ramy, awrBeicrayioiuyio nojiyne- 
pnony H3MeHeroia aMrurMTynhi npHHHMaeMbix cHr- 
HajioB. C BMXofla nepecrpaHBaeMbrx dwmbTpoB npH- 
HflTbie cHraanbi nocrynaioT Ha BXOJI npHeMHbix 
6J10KOB. CHTHa^ paccorjiacoBaHHH Bbipa6aTbrßaeT- 
ca npH cpaBHeHHH aMruiHTya npHHHTbix cHTHa- 
JIOB B ÖJiOKe JioniKH. 3TOT CHrnan (popMHpyeT yn- 
paKaHiomee HanpjDKeHHe, KOTopoe nocnynaeT Ha 
ynpaBjiHeMbm reHeparop. YnpaBJiHeMbiH reHepaTop 
yBe^HMHBaer HacTory, ecjra HanpsoceHHe paccor- 

The radiostation operation principle 
consists in the following. Three-frequency 
HF radio signal is separated by three 
tuneable filters on the carrier frequency, 
then is amplified, modulated and finally 
radiated. The signals passed through iono- 
sphere at three frequencies are received 
by antenna, amplified in RF amplifier and 
selected in three receiving tuneable filters. 
The filters' pass bands are frequency di- 
versed corresponding to a half-cycle of 
amplitude changes of the received signals. 
The received signals at the tuneable filters 
output are applied to input of receiving 
units. As a result of comparison of the 
received signals' amplitudes, the error sig- 
nal is produced in logic uni. This signal 
forms a control voltage which acts on 
controllable oscillator. The oscillator incre- 
ases or decreases its frequency if the 
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jiacoBaHHH HMeer 3Hax «nraoc», HJIH yMeHbiuaeT, 
ecjiH «MHHyc». OnTHManbHOH CHHTaeTca Hacroxa, 
npn Koropoft CHiHanbi KpaHHHX dxoibTpoB HMOOT paB- 
Htie aMnmnyflbi npn MaKCHManbHoft aMiunnyae c 
Bbixoaa cpeimero (proiMpa. rioTpe6mem> HHtpopMa- 
um nqiijoiKHeH K BbrxQzry cpeflHero dwnbTpa, flpoBe- 
aeHHaa B [9] oueHKa nonroicHTejibHoro sdxiKicra no- 
Ka3biBaer, mo npenroxeHHoe ycrpoHCTBO nraBoraer 
yBömqrab OTHoineHHe cnraan/uiyM He MeHee «KM B 
2 pa3a, 4TO o6ecneHHBaeT crocKeHHe BepoHTHOcm 
OUJH6KH nepenaHH HHdpopMauHH B 3 pa3a 

YBenMHeHHe oTHOüieHMH C/UJ o6ecneHHBaeT 
nepe/iaqy ÄHCKperabix coo6meHHH no HeycroMHH- 
BOMy HOHOC(J)epHOMy KaHany c BepoHraocTbio He 
xyace 106 B Te^eHHe ce30HHO-cyro*THoro uHioia. 

error voltage is "positive" or "negative". 
The optimum frequency provides the 
equal amplitudes of "left" and "right" 
filters and maximum amplitude at the 
output of "mean" filter. The user receives 
information from "mean" filter's output. 
The estimate of a positive effect made in 
[9] shows that the suggested device allows 
to increase SN ratio more than twice that 
decreases 3 times probability of the infor- 
mation transfer error. 

The SN ratio increase provides trans- 
fer of discrete data through unstable 
ionospheric channel with the probability 
better than 10"6 during season-daily cycle. 
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IJpueedeHa KpamKan xapaicmepucmiiKa Memodoe 
pacnema paduonoKaufioHHbix xapmcmepucmuK mu- 
noebix men OIOOKHOü zeoMempmecKou qbopMbi u oco- 
öemtocmu nompmau,uoHHOÜ cmpyKmypu noun, pac- 
cesmnoto daHHbiMu me/tajuu. IIpoaHanu3upoeaHbi 
pacceueamuip-noznowfliouuie ceoiicmea laompomux 
u aHU3omponHbixnepuodimeaatxcmpyK.myp, amoK- 
DKe oömeKameAeä anmeuH CBH. C(popMyjiupoeanu 
nepcneKmueubte Hanpaenenw ucaiedoeamü. 

SMF «Radar-MMS», Saint-Petersburg 
E-maii: radar@radar-mms.com 

The brief description of calculation methods 
of radar characteristics of standard radar 
targets with complex geometry and peculiarities 
of their scattered fields 'polarization structure 
are given in the paper. Scattering-absorbing 
properties ofisotropic and anisotropic perio- 
dical structures and also microwave antenna 
domes are analyzed. Prospects of the 
research are formulated 

BBe,neHHe 

npoeicrapoBaHHe H pa3pa6orKa coBpeMeHHbix 
paflHOJIOKaUHOHHMX CHCTeM  (PJIC)  HeB03M05K- 
HH 6e3 anpHopHoro 3HaHH« pajrHOJioKauHOHHbix 
xapaicrepHCTHK (PJ1X) uejieH. BMecre c TCM, npH 
peuieHHH 3aaaM VMeHbuieHHa pajrji oJiOKaijHOHHOH 
3aMeTHocTH (YP3) oGbeKTOB cymecTByroT norpeö- 
HocTH B ynpaBJieHHH napaMerpaMH nojw paccea- 
HHH B HHTepecax 3aTpyflHeHHa o6HapyxeHHH, pac- 
no3HaBaHHH dpopMbi H onpejiejieHHa pa3MepoB 
oöbeicroB. B nocneflHHe roflbi B CBa3H C noaBJieroi- 
eM HOBblX 34xpeKTHBHbIX PJIC c nojiapH3auHOH- 
HOH cejieiaiHeH B03poc npaicrnHecKHH rorrepec K 

H3yqeHHK»  n0JIHpH3aiIH0HHbIX  XapaKTepHCTHK 
oöbeicroB H ycrpoHCTB ynpaBJiemw paccearoieM 
3-jieicrpoMarHHTHbix (9M) BOJIH. YKa3aHHbie Bon- 
pocbi HMeiOT 6ojibiuoe 3HaHeHne Tarace H npH 
pa3pa6oTKe PJIC HCCJiejioBaHHa npHpquHbix cpe/i, 

PJI xapaierepHCTHKH Tejia «cdjepa-Konyc- 
ccjiepa» c HeoAHopoAHUM noBepxHOCTHUM 
HMne/jaHCOM 

Ilpx peuieHHH noao6Hbix 3ajia»i Hcnojib3yioT 
MeTOflbi HHTerpajibHbix ypaBHeHHft [1], <pH3Hqec- 
KOH onTHKH, KpaeBbix BOJIH [2], a Tax ace MeTojrbi 
peuieHHa 3aaaM Ha aHH30TponHbix [3] H H3OT- 

ponHbix [4] nepHojmnecKHX cTpyicrypax. 

Introduction 

Design and development of modern 
radars is impossible without a prioiri 
knowledge of radar targets characteris- 
tics (RTC). Besides, in order to lower 
radar objects visibility (ROV) it is 
necessary to control the scattered field 
parameters, to make more difficult the 
objects detection, estimation of their 
form and dimensions. Due to appearance 
of new effective radars with polarization 
selection, practical interest to studies of 
radar objects' polarization characteristics 
and devices, which control the EM waves 
scattering, have grown. The mentioned 
problems are also of great importance 
while designing radars for environment 
exploration. 

Radar characteristics of "sphere- 
cone-sphere" body having non- 
uniform surface impedance 

Methods of integral equations [1], 
physical optics and edge modes [2], and 
methods of solution for anisotropic [3] 
and isotropic [4] periodical structures 
are used to solve the above problems. 
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B npHÖJIKJKeHHH (pH3HHeCKOH OITTHKH C HCnOJlb- 
30BaHHeM H\meflaHCHbix rpaHHHHbix ycjioBHft Jle- 
OHTOBHqa B [5] 6bUiH nojryqeHbi BbipaaceHHH aw 
nojw, pacceHHHoro TenoM «apepa-KOHyc-abepa», 
H HccjieflOBaHbi PJ1X aaHHoro Tejia. npH STOM 

nojiarajiocb, MTO KOK npH E-, Tax H npH H-nojra- 
pH3auHH Tejio oCviaflaeT HeoflHopoflHbiM peaicraB- 
HHM nOBepXHOCTHWM HMIieflaHCOM.  B HaCTHOM 
cnynae nojryneHHbie BbipaacemiH coBnaaaioT c 
npeÄCTaBJieHHHMH B [2] wn cnynaa HfleajibHo 
npoBQiwmero xejia. B pesyjibTare npoBe^eHHoro 
aHMH3a PJIX 6bino ycraHOBJieHo: 
- H30TpOITHbIH HeOflHOpOflHblfl nOBepXHOCTHblH 

peaKTHBHbifi HMne^aHc npHBozn-rr K nepepacn- 
peflejieHMio ojiecramHX ToneK Ha noBepxHocra 
oöbeicra H, rax cneflCTBHe, K HCKaacerono Jiene- 
cTKOBofl cTpyicrypbi ÄHarpaMMbi o6paTHoro 
pacceaHHH (flOP), HTO no3BojiaeT peamreoBaTb 
JJPP c Tpe6yeMOH JienecncoBOH crpyicrypoH; 

- B cjiyqae QirHono3HirHOHHOH jioxauHH aenojra- 
pH3aijHH pacceHHHoro nojia HMne/iaHCHbiMH 
TejiaMH BpameHHa He npoHcxojtHT npH yoio- 
BHH, mo HX pa3Mepw cymecTBeHHO npeBMina- 
IOT wiHHy BOJiHbi 30HflHpyiomero CHrHana; 

- HaHfkuiee ornyTHMoe BJiHHHMe HeoflHoponHMH 
noBepxHOCTHHH HMne^aHC oKa3HBaeT Ha pac- 
CeHHHe CHrHajIOB C OTHOCHTeJIbHOH IIIHpHHOH 
A/7/g>10% (3TO B 6ojibiueH CTeneHH xapaK- 
TepHO ana CHrHanoB c BHyTpHHMnyjibCHOH 
MOflyjiHUHeH); 

- HanHHHe KpoMOK y KOHyca co CKpyraeHHOH 
BepuiHHofl npHBOflHT Kfleno^HpH3aixHH pacce- 
HHHoro nojifl npH HaioioHHbix yrjiax oojiyne- 
HHfl H K cymecTBeHHOMy B03pacTaHHio ero 
acJxpSKTHBHOH noBepxHocra pacceHHHfl (3ITP); 

- Bjin yMeHbiueHHH 3IIP KPOMOK paaHo^OKa- 
UHOHHbix uejiefi (PJILI,) tuna «KOHyc-c(bepa- 
njiocKOCTb» uejiecoo6pa3Ho Hcno;ib30BaTb 
HMneflaHCHbie vum noraomaioinHe crpyiciypbi 
He Ha Bcefi noBepxHocra o&beicra, a B6JIH3H 

pe6ep ((beppwroBbie Hacamo? HJIH paflHonor- 
jiomaiomHe MarepHanbi); 

- nepcneKTHBHoe HanpaBJieHHe B STOH o6jiacra 
CBH3aHO c npoBefleHHeM HccnenoBaHHH BJIHH- 

HHH apyrax 3aKOHOB, KpoMe JiHHeHHoro, pac- 
npeflejieHHH noBepxHOCTHoro peaKTHBHoro 
HMneflaHca Ha PJIX ranoBbix PJILI, npH 30H- 
flHpOBaHMH HX paaUHHHblMH BHflaMH CHTHajIOB 
H o6ocHOBaHHeM npHHHHnoB nocTpoeHHH HM- 
neflaHCHbix crpyicryp ynpaBJieroiH pacceami- 
eM 9MB B HHTepecax peuieHHH 3aaaq pazmo- 
jioicauHH M yP3 o&beicroB. 

Expressions for field scattered by 
"sphere-cone-sphere" body were found 
in [5] as approximation of the physical 
optics with the use of Leontovich impe- 
dance boundary condition, and radar 
characteristics of the body have been 
studied. It was suggested that as for E- 
and H-poIarization the body has non- 
uniform reactive surface impedance. In 
particular case the given expressions 
coincide with results of [2] for an ideal 
conductive body. So, it was found that 
- isotropic non-uniform surface reac- 

tive impedance leads to bright points 
redistribution on the object surface 
and, therefore, distorts the lobed 
structure of backscattering pattern 
(BSP), that allows to realize required 
BSP structure; 

- in the monostatic radar, there is no 
depolarization of the field scattered 
by impedance bodies of revolution 
if their dimensions essentially exceed 
wavelength of the sounding signal; 

- the non-uniform surface impedance 
influences mostly the signals scatte- 
ring, which have relative bandwidth 
A/7/j>10% (it is more typical for 
intrapulse modulated signals); 

- edges of the cone with rounded 
vertex lead to depolarization of the 
scattered field at sloping irradiation 
and essentially enlarge its radar cross- 
section (RCS); 

- in order to decrease edges RCS of 
"sphere-cone-sphere" type targets, it 
is necessary to use impedance or 
absorbing structures (ferrite pieces 
or radio-absorbing materials) near 
the edges rather than the whole of 
the object surface. 

- the investigation of influence of 
other distribution (beside linear) laws 
of the surface reactive impedance on 
standard targets characterisitcs (dif- 
ferent sounding signals) and substan- 
tiation of designing principles of impe- 
dance structures, which control EM 
waves scattering for solution radar 
problems and minimization of objects 
visibility, is a promising direction in 
this field. 
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PacceHBaiome-norjiomaiomHe H 

nojiüpmauHOiiHbie cBOHCTBa aHH30Tponns>ix 
H »30Tponin>ix nepHo^HiecKHX cTpyKTyp H 
o6TeKaTejieii aiiTeim 

nOTpe6HOCTH npaKTHHeCKOH paflHOJIOKaUHH 
4nana30HOB CBH, B ocoöeHHOcra MJUumMeTpo- 
Boro H cy6MHnjiHMerpoBoro, npiraejiH B nocnearaie 
roflbi K Heo6xojmMocTH H3yqeHHH noBeaeHHa 3MB 
B aHH30TponHbix cpeaax (rapoTpormaa ruia3Ma n 
HaMarHH>ieHHHfi (peppirr) n CTpyicrypax. Taiaie 
CTpyKrypbi, KpoMe apyrax BaxHbrx CBOHCTB, 06- 
jiaaaiOT uiHpoKHMH B03MO>KHOCTaMH no npeoöpa- 
30BaHHK) nojrapH3auHH H ynpaBJieHHio pacceHHH- 
eiw 3MB. OymiaMeHTaJibHoe nanoxeiffle yKa3aHHbix 
BOnpOCOB MOJKHO HaHTH B [3]. K nepcneKTHBHbiM 
HanpaBJieHHHM B aaHHOH oCwiacm OTHOCHTCH HC- 

cneßOBaHHH no pa3pa6oTKe MeTOflOB pacqera PJIX 
BM peanbHbix PJIH, o6jianaK)Uinx aHH30TponHbiM 
HMneaaHCOM, a TaioKe HccjieaoBaHHH BonpocoB 
(pH3HHecKOH peajiH3yeMOCTH (peppoMarHHTHbix 
ruieHOK c TpeSyeMbiMH napaMerpaMH. 

KpoMe Toro, npn peineHHH 3aaaM panHOJioica- 
ITHH H yP3 oGbeKTOB BaxHoe 3HaqeHHe HMeer npo- 
6ne\ia cnHTe3a flnana30HHbix paccenBaiome-norao- 
maiomux crpyicryp, o6naflaiomHX npneMiieMbrMH 
Macco-ra6apnTHbiMH xapaKrepHCTKaMH. O/mo H3 
HanpaBJieHHH pemeHHH OTOH npo&ieMbi CBsraaHO 
c pa3pa6oTKOH yCTpOHCTB, B KOTOpblX COBMeCTHO 
Hcnojib3yiOTCfl acbtpeicrbi pacceHHHH B BHfle npo- 
crpaHCTBeHHbix rapMOHHK ii nornomeHHH 3Hep- 
THH 3MB. B KOHCipyKTHBHOM OTHOUieHHH TaKHe 
crpyicrypbi npeflcraEuwrer CO6OH KOM6nHamoi cno- 
IICTO HeOflHOpOflHblX H reoMerpHqecKH HeOflHOpOfl- 
HbK, B o6meM cnyqae MarHHTOflHaJieicrpHHecKHX no- 
jqibiTHH. B Kaiecree pacceHBaioiirHX 3JieMeHTOB B 

KOHcrpyKujiH norjioTHTCJieH 3Hepnra 3MB BbiSpa- 
Hbi ÄH^paKUjioHHbie peuiCTKH BcviHOBOflHoro H ITH- 
jioo6pa3Horo rana, o&iaoaioinHe Kax KOHCMHOH [6], 
Tax H HfleajibHoii npoBQUHMOCTbio [4]. 3TOT BH- 

6op o6ycjioBjieH TCM, HTO paccMaTpHBaeMbie KOH- 
cipyKmm Hamm npaKranecKoe BoruiomeHHe B pe- 
ajiH3auHH nporpaMMbi <tCmma> [7]. 

Ha ocHOBe HHCJieHHO-aHajiHTHHecKoro nccjie- 
aoBaHHH pacceHBarome-noraomaiomHx CBOHCTB 

paccMaipHBaeMoro Knacca crpyiciyp 6buni O6OCHO- 

BaHbi cjieayioume o6ume npHHirjrnbi CHHTC3a m- 
ana30HHbK nojMpH3airHOHHo-He3aBHCHMbrx Maro- 
orpaxaiomHX crpyicryp H ycrpoHCTB, npeflHa3Ha- 
HeHHbK ana HCKaaceHHH PJTX PJIIJ: 
-     MHHHMH3aUHH SHepTHH HyjieBOH rapMOHHKH ITpH 

HopManbHOM naaeHHH H aHepraft aBTOKanHMH- 
pyiomHX rapMOHHK npn HaioioHHbix yrjiax o6ny- 
HeHHHBflnana30HeX<X    (X    - MaKCHManbHaa max K  max 
aroma BOJiHbi nepeKpbmaeMoro imana30Ha) B 
MHoroMOflOBOM peacHMe pacceHHHfl 3a cqeT 
cooTBercTByromero Bbi6opa reoMerpHHecKHX na- 
paMerpoB pemenoi H aneicipHHecKHX xapaicre- 

Scattering-absorbing and 
polarization properties of 
anisotropic and isotropic periodical 
structures and antenna domes 

The requirements of applied radar in 
microwave band, especially millimeter- 
and sub-millimeter bands, stimulate for 
the last years investigations of EM waves 
behavior in anisotropic media (gyrotropic 
plasma and magnetized ferrite) and struc- 
tures. In addition to other important 
properties, such structures provide wide 
opportunities to transform polarization 
and control EM waves scattering. 
Fundamental statement of the problems 
one can found in [3]. Investigations in the 
field of calculation methods of real radar 
targets characteristics, having anisotropic 
impedance, and also studies of physical 
realizability of ferro-magnetic films with 
needed parameters, are very perspective. 

Moreover, there is synthesis problem 
of band scattering-absorbing structures 
with acceptable mass and dimensions, 
which are used for radar applications 
and ROV decreasing. One of solutions 
of the problem is connected with desig- 
ning devices, in which such scattering 
effects as spatial harmonics and EM 
waves energy absorption are used jointly. 
The structures design is a combination 
of stratified and geometrically heteroge- 
neous coatings (in general case magneto- 
dielectric). Diffraction arrays of wave- 
guide and sawtooth gratings with finite 
[6] and ideal conductivity [4] can be 
chosen as scattering elements of the EM 
waves energy absorbers. The adequacy of 
this choise is confirmed by the fact that 
the structures considered above were rea- 
lized in the "Stealth" program [7]. 

The following general principles (which 
are based on numerical and analytical 
studies of scattering-absorbing properties 
of the structures above) of wide-band 
polarization independent weakly scattering 
structures and devices intended for distor- 
tion of RTC have been substantiated 
-    minimizing zero harmonic (under 

normal incidence) and autocollimating 
harmonics (under oblique incidence) 
energy in frequency band K<X    (where 
X    is maximum wavelengtK of the 
wTole    band)    in    multi-mode 
scattering regime by corresponding 
choice of array geometry and electric 
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pHCTHK MaiHHTOÄH3^eKipHHeCKOrO BKJJJOHeHHH; 
- MHHHMH3aHHH 3HeprHH HVJieBOH rapMOHHKH B 

3aaaHHOM flHana30He JUIHH BOJIH H VTHOB 06- 
jiy^ieHHH B peaoHMe QUHOMOflOBoro pacceaHHji; 

- (popMHpOBaHHe Tpe6yeMOÄ jienecTKOBoft 
cTpyicrypM flOP ycrpoHCTB HCKaxeHHH PJIX 
PJIIJ; 3a cier peanH3auHH pöKHMa MHOTOMO- 

flOBoro paccearora; 
- pa3pymeHne HJIH HCKaxeHHe cneicrpa Herap- 

MOHHHecKoro curaana nyTeM cooTBeTCTByio- 
mero Bw6opa napaMerpoB pacceHBaromee-no- 
raomaiomHx crpyicryp. 
KpoMe Toro, nojrynpo3pa*iHbie B cMwaie reo- 

MeTpiwecKOM onTHKH nepHOÄmecioie pemencH 
HoaceBoro rama, o6jiaaaH CBOHcraaMH npocrpaH- 
CTBeHHOH HaCTOTHO-nOJWpH3aUHOHHOH CejieKUHH, 
Moryr 6brrb ncnojiKJOBaHM B KaqecTBe «npocBer- 
JK5IOUJ,KX»  3JieMeHTOB KOHCTpyKUHH MHOIXMpyHK- 
liHOHanbHbK oöreKare^eH airreHH CBT OHH npea- 
Ha3HaHeHbi He TOJibKO ann 3aiuHTbi OT 
KJiHMannecKHX HJIH flpyrax MexaHiwecKHX B03fleH- 
CTBHM, HO H flUH yMeHbUieHHH 3ITP aHTeHH, a TaK- 
xs jSM 3aiüHTbi OT pasrowHoro poua arceicrpoMar- 
HHTHblX H3jryHeHHH. 

TaKHM o6pa30M, npHBcneHHbie Bbnue pe3yjn>- 
Tara H HanpaBJieHHH nepcneicrHBHbix HccncnoBa- 
HHH MoryT 6brn> nojie3HbiMH npn npoeKiHpoBaHHH 
H pa3pa6once paaroiHHoro pojia ycrpoHCTB CBH c 
TpeßyeMbIMH fllflbpaKUHOHHblMH CBOHCTBaMH. 

characteristics of magnetodielectric 
inclusion; 

- minimizing zero harmonic energy in 
the given frequency band and incidence 
angles under single-mode scattering; 

- forming the needed lobed structure 
of BSP of devices distorting RTS due 
to regime of multi-mode scattering; 

- destruction or distortion of non- 
harmonic signal's spectrum by corres- 
ponding choice of scattering-absor- 
bing structure parameters. 
Furthermore, semi-transparent (in 

terms of geometrical optics) periodical 
knife-edge arrays, having spatial frequency- 
polarization selective properties, can be used 
as "antireflecting" design elements of 
multi-functional radomes of microwave 
antennas. They are intended as for climatic 
or mechanical protection, and for 
decreasing RCS of antennas and lowering 
influence of different electromagnetic 
radiations. 

Thus, the presented results and 
directions of perspective investigations 
can be useful in designing and develop- 
ment of different microwave devices with 
required diffraction properties. 
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B doKiiade paccMampueaemcn noJinpmauuoHHuü 
6ucma6wibHbiü 3/ieMeHm Hü omoee He-Ne ncaepa 
na djiune eoAHH ~k=3,39MKM, epe3onamop Komo- 
pozo noMeutßna meütta 0apadex HO MOHOKPUC- 

moMie 3Kejie30ummpueeozo apanama. ITpoeeden 
meopemmecKuü anania s/ieMenma c ucnoAb3oea- 
meM Memoda Mampuu, floicoHca. ycmaHoeneno, nmo 
6ucma6wibHocmb no no/mpu3au,uu naÖAwdaemcfi 
npu eejiuiune odmnpoxodmzo (papadeeecKOZo epa- 
menusi e 45". SKcnepuMenmbi noKa3anu, tmo e 
daHHOM ycmpoücmee npoucxodum nepeKAimeHue 
Kpyeoebix nompmauuu a+ K o~ u moöopom 

Optical Polarization Bistable 
Element Based on 

Faraday Cell 

V.A. Tabarin 

Surgut State University 
E-mail: tabarin@surguttel.ru 

In the paper, a polarization bistable element 
based on He-Ne laser (k=3,39 pm wave- 
length) with Faraday cell on iron-yttrium 
mono-crystal garnetis placed in resonator 
is considered. Theoretical analysis of the 
element is carried out using the method of 
Jones matrices. It was found that pola- 
rization bistability is observed at 49 single- 
pass Faraday rotation. Experiments have 
shown that the given device provides 
switching circular polarizations from a* 
to CT" and vice versa 

B nocjieflHue ro,m>T yneHMMH 6HJIH pa3pa6o- 
TaHH paMHHHbie ycTpoftcTBa c aMruiHTyzmoH H 

nojiflpH3auHOHHoö 6Hcra6mibHocTbio mm ccafla- 
HHH JiormecKHX aneMeHTOB H ycrpoftcTB naM5rra 
OnTHHeCKHX BH4HCJIHTeJIbHbIX MaiHHH [1]. OcO- 
6eHHo OOJIMUOH HHTepec Bbi3HBaioT nojwpH- 
3aUHOHHbie CXeMbI B CHJiy HX 3KOHOMHHHOCTH, 
HanpHMep, B paöoTe [2] onacaHa B03M0>KH0CTb 
nOJIHpH3aHHOHHOH 6HCTa6HJIbHOCTH C HCnOJIb- 
30BaHHeM He-Ne Jia3epa c T-o6pa3HHM H30T- 

ponHHM pe30HaTOpOM, B UeHTp KOTOporO BBO- 
BHTCH npH3Ma TjiaHa-ToMCOHa H AJIH ynpaBneHHH 
nojiapH3auHeft B OOTO H3 roieq pe30Haropa no- 
MemeH MarHHTOonTHiecKHÄ 3aTBOp. 

B aaHHOM AOKJiaae paccMaTpHBaeTCH nojia- 
pH3aUHOHHHH 6HCTa6HJIbHblft 3JieMeHT Ha oc- 
HOBe He-Ne Jia3epa (njmna BOJIHH X.=3,39 MKM), 

B pe30HaTop KOToporo noMemeHa aneHica <3>apa- 
aen Ha MOHOKpHCTajme >Kejie30HTipHeBoro rpa- 
HaTa. TeopeTHHecKHH aHanH3 c Hcnojib30BaHHeM 
MeTOfla MaTpHH flxoHca npoBoflHJica äJIH pe30- 
HaTopa (PHC. 1), cocToamero H3 jsayx H30Tpon- 
HblX 3epKaJI 1, 6, Memory KOTOpblMH HaXOflHTCH 
H30TponHaa aKTHBHaa cpeaa 2, «papaaeeBCKHft 
BpamaTejib 4 H flBa qacrrnHbix nojinpH3aTopa 3 
H 5, co6cTBeHHbie OCH KOTOPHX pa3BepHyrbi Ha 
yroji 5. npeanoJio>KHM, HTO nojie BHyrpH pe30- 
HaTopa npeacTaBJiHCT HH3inyio Moay TEM. CBCT 

pacnpocTpaHHeTca Bflojib OCH Z, a BeKTop sjieic- 

During the last years, there were 
designed different devices with amplitude 
and polarization bistability intended for 
logic elements and storage devices of optical 
computing systems [1]. The polarization 
circuits are of the most interest because of 
their properties. For example, implemen- 
tation method of the polarization bistability 
using He-Ne laser with T-like isotropic 
resonator, inside which a Glan-Thompson 
prism is placed, was described in [2]. For 
sake of polarization control, a magneto- 
optical gate was inserted into one arm of 
the resonator. 

In the paper, a polarization bistable 
element based on He-Ne laser (A,=3,39 
um) with Faraday cell on iron-yttrium 
mono-crystal garnetis placed in reso- 
nator is considered. Theoretical analysis 
of the resonator (Fig. 1) is carried out 
using the method of Jones matrices. The 
resonator consists of two isotropic mir- 
rors 1, 6, between which there are an 
isotropic active medium 2, Faraday 
rotator 4 and two partial polarizers 3, 5 
with eigen axes rotated at angle 8. Let us 
suppose that EM field inside the reso- 
nator is the lowest TEM mode. Light goes 
along Z-axis, and vector of the electric 
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TpHiecKoro nojia pacKJiaflbiBaeTca Ha ÄBe nep-    field is presented by two orthogonal 
neHAHKyjiapHbie KOMnoHeHTH Ex H E. components Ex and Ey. 

/ 

Z z. 
/ 

PHC. 1.  CrpyicrypHa» cxeiwa pe30HaTopa: 1 H 6 - H30TponHbie 3epKajia, 2 - H3orponHaa 
aKTHBHaa cpefla, 3 H 5 - "racTHHHbie nojwpH3aTopbi, 4 - (papaÄeeBCKHH BpamaTeJib 

Fig. 1.    Block diagram of resonator: isotropic mirrors (1,6), isotropic active medium (2), 
partial polarizers (3, 5), Faraday rotator (4) 

npeanojiojKHM, HTO OCH xvi y napajmejibHbi 
co6cTBeHHHM ocHM nojiHpH3aTopa 3, aMruimyn- 
Hbie K03$d)HUHeHTbI KOTOpOTO COOTBeTCTBeHHO 
paBHbi 1 H a. B CBOK) onepeflb aMruiHTyoHbie 
KoadpdpHUHeHTbi nojMipH3aTopa 5 paBHbi b H 1. 
Heftcrene amooTponHbix no nojiflpH3am«i 3Jie- 
MeHTOB onncwBaeTca cjie,iryioinnMH MatpnuaMH 

Let the x- and y-axis are parallel with 
eigen axes of the polarizer 3, which 
amplitude coefficients equal to 1 and a. 
In turn, the amplitude coefficients of the 
polarizer 5 are equal to b and 1. The 
anisotropic polarization devices action 
is described by the following matrices 

M, 
n oi 

0   a 
,   M4 = 

cos 9    cos6 

-sin 8   cos0 
ML = 

rue 6 - yroji OÄHonpoxoaHoro (papaaeeBCKoro 
BpaineHHH HHCHKH 4. He Hapyuian O6IHHOCTH 
paccyxfleHHtt, npe,nnojio)KHM, HTO 0<b<a<l. 3a- 
aana peuiaeTCH B o6meM BHae, Koraa CO6CTBCH- 
HHe OCH O6OHX 6piocTepoBCKHX ruiacTHH o6pa- 
3yiOT yroii 8. 

HaqHHan nojiHHH oSxoa pe30HaTopa H3 Toq- 
KH A no HanpaaneHHio crpejiKH, nojiHbin one- 
paTop flxoHca nojiyHHM B Biwe 

cos28 + 6sin28    (l-ft)cos8sin8 

(l-ft) cos 8 sin 8    sin2 8 + b cos2 8 

where 0 is single-pass Faraday rotation 
angle of the cell 4. Without loss of 
generality, let us suppose that 0<Ka<l. 
The problem is solved for the case when 
the eigen axes of both Brewster plates 
form angle 8. 

Beginning the complete passage of 
the resonator from point A along the 
arrow, we get the following Jones matrix 

M = 
b2 cos2 9- sin2 6        0.5-a(62+l)cos29 ' 

-0.5 • a(b2 +1) cos 29   -a2 {b2 sin2 9 + cos2 9) 

HaftaeM M ana Hacmoro cjryqaa 8=7u/2, T.e. Koraa 
HacTHiHbie nojiHpH3aTopbi 3 H 5 6yiryr naeajib- 
Ho paccoraacoBaHW. 

PaccMOTpeHHe coocTBeHHoft nojiapH3auHOH- 
HOH 3aflaHH wia cjiynaa puc. 1 saiaiKviaeTCH B 
pemeHHH onepatopHoro ypaBHeHHH flxcoHca 

Let us find matrix M for the case 8=7t/2, 
i.e. when the partial polarizers 3 and 5 
will ideally mismatched. 

The given problem analysis for the 
case shown in Fig. 1 consists in solution 
of the matrix equation 

ME = r\E, (1) 

rue E Ha3biBaercH co6cTBeHHbiM BeicropoM one- 
paropa M, a r\ — ero co6cTBeHHbiM 3HaneHHeM. 

where E and n are called as eigenvector 
and eigenvalue of the M matrix. The 
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M3 pemeiroa ypaBHeHHa (1) Haxo^Tcsi co6- 
CTBeHHbie 3HaqeHHH r\l H T]2, a Tarace BejnwHHbi 

r, H r2, no3BojiaiomHeonpe,nejiHTb HanpaarceHHe 
BpameHHH BeKTopa £ 

Qptfca/ Polarization Bistable Element Based on Faraday Cell 

solution of (1) gives eigenvalues TI  and 
T\2, and also values of r, and r2 allowing 
to determine handedness of vector E 

rf,2--[Q + a2)Q + b2)cos2Q-(l-a)Q-b2)]r)l2+a2b2 = 0, 

1,2 = »21 I(VK -W12). 

(2) 

(3) 

3^ecb mn, m21 - ajieMeHTbi MaTpHUbi M. 
CoocTBeHHbie3HaHeHHH T),2 = |r|]2|-exp/<p12 xa- 

paKrepn3yiOT norepn H <ba30Bbie CäBHI-H coöcTBeH- 
HbDC BOJIH. 

BejDWHHa l-|r)l2| onpeflejmeT KoacbdpmrHeHT 
no^apH3aujjoHHbix norepb, a BenHHHHa A = arg TI 

- 4)a30BbiH Ha6er B arooorponHbrx aneMeHTax pe- 
30HaTopa jw. cooTBeTCTByromnx BOJIH. Ha pwc.2 
npHBeÄeHbi BbrancjieHHbie MQayjiH co6cTBeHHbix 
3HaHeHHH ypaBHeHHa (2), a Taxxe .zwarpaMMbi 
co6cTBeHHbix cocTOHHHH nojiapH3auHH B 3aBH- 
CHMOCTH 0T 9. 

Here mn, m2l are elements of matrix M. 
The eigenvalues r|12 =|r)I2|-exp/{p12 

characterize losses and phase shifts of the 
eigen waves. 

The values 1-|TI12| and A = argt]12 

define the polarization loss factor and 
phase delay in anisotropic elements of the 
resonator for the corresponding waves. 
Figure 2 shows calculated modulus of the 
eigenvalues of (2), and diagrams of eigen 
polarization states depending on 0. 

PHC. 2. H3MeHeHHe Mozryneft co6cTBeHHtix 3Ha<reHHfi H coocTBeHHwx COCTOHHHä 

nojiapH3auHH B 3aBHCHMocrH or 9 npn BtinojiHeHHH VCJIOBHA 0<Ko<l 
Fig. 2. Modification of eigenvalues modulus and eigen polarization states versus 9 

on conditions that 0<A<a<l 

KaK BHflHo H3 pHc.2, B KanecTBe pa6oqeii 
TOHKH ana Ha6jno,aeHHa 6HCTa6nnbHoro pexn- 
Ma yapÖHo BHöparb 0=7t/4. CjieBa H cnpaBa OT 

3Toro 3HaneHHa coGcTBeHHbie nojiapM3au,HOH- 
Hbie COCTOHHHH npeacTaBjiaiOT opToroHartbHbie 
KpyroBbie BOJIHH a+ H a~. 

3KcnepHMeHTanbHbie HccneaoBaHHa B craTH- 
necKOM pexHMe noÄTBepmuiH pe3yjibTaTbi pacne- 
TOB. fleHCTBHTejIbHO, yCTaHOBHB OflHonpoxoflHoe 
BpaiueHHe B 44° H cooTBercTBeHHo BOJiHy u+, a 
3aTeiw yBerawHBafl TOK ra3opa3paflHOH TpyöKH,' H 

cjieflOBaTejibHo, MonrHocrb Jia3epa, H Hcnojib3ya 
oGpaTHyio CBH3b ana (bapaaeeBCKOH OTCHKH B ra6- 
PHHHOH cxeMe, MH ocymecTBHjiH nepeKJHOHeHHe 
COCTOaHHH nojiapH3aiWH c o+ Ha a-. 

It follows from Fig. 2 that 0=7t/4 
should be chosen as operating point for 
observation of the bistable regime. At the 
left and right of this value, the eigen 
polarization states are orthogonal circu- 
larly polarized waves a* and c~. 

The experiments in a static mode have 
confirmed the calculations. In fact, having 
set 44° single-pass rotation and accor- 
dingly o+ wave, and with increasing cur- 
rent of a gas-discharge tube (and, there- 
fore, the laser power) and feedback using 
for Faraday cell in the hybrid circuit, we 
have made the polarization state switching 
from o"+ to c~ and vice versa. 
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BHyrpHpe30HaTopHoe (papaaeeBCKoe 
BpameHHe 

C.fl. ^eMbflimeBa, B.A. TaSapmi 

CypiyrcKHH rocynapcTBeHHbift ymiBepcHTeT 
e-mail: tabarin@surguttel.m 

TeopemmecKii u 3KcnepimenmanbH0 layteH nepe- 
xodHbiu nponecc, npueodmtuiii KycmaHoejiemao cma- 
HuoHcipHoü nonstpu3aiuiu uMynenun e Modemi A(i3e- 
pa, pe30Hamop Komopozo codepMcum aKmueuyio 
cpedy, (papadeeecKiiü epaiu,amaib u Heudea/ibHbiu 
mmeÜHbiii nojwpu3amop. IJoKa3aHO, nmo ettympu- 
pe30Hamopnoe pomem/emie epauiflmejin no3eonnem 
yeejiiiHitmb na odun-dea nopndica napaMempu 
MazHumoonmmecKozo Modynsunopa 

Intracavity Faraday 
Rotation 

S.D. Demjyantseva, V.A. Tabarin 

Surgut State University 
e-mail: tabarin@surguttel.ru 

The transition process leding to formation 
of stationary radiation polarization in a 
model of laser, which resonator includes 
active medium, Faraday rotator and non- 
ideal linear polarizer, was investigated 
theoretically and experimentally. It is shown 
that insertion of the rotator inside the 
resonator allows to improve 10-100 times 
parameters of magnetooptical modulator. 

K HacToameMy BpeMeHH aeTaribHo Hccjie.no- 
BaHH H3MeHeHHH nojrapn3auHH H3jryHeHHH, o6yc- 
jioBJieHHbie acjxpeicroM Oapa/jea B aKTHBHOH cpe- 
ae jia3epa c aHH30TponHMM pe30HaiopoM [1-3]. 
H3BecTH0 Tarace ynpaBJieHHe nojiapH3airneH Jia3ep- 
Horo H3jryqeHHH c noMouibio naccHBHoft BHyrpH- 
pe30HaT0pH0M 3JieKTpOOnTHMeCKOM aneHKH [4, 5]. 
OflHaKO nepexoflHbie npoueccbi B Jia3epe c aneH- 
KOH <I>apajiea, xapaKreproyioimie 3aicoH ycraHOBite- 
HHH crauHOHapHoro COCTOHHHH c onpeaejieHHOH 
nojMpH3airneH, paccMorpeHbi HeflocraTOHHO nojiHo. 

B aaHHOM flOKKa^e TeopeTHHecKH H3yneH ne- 
pexoflHHH npouecc, npHBOflaiUHH K ycraHOBJie- 
HHK) CTaUHOHapHOH nOJIHpH3aiIHH H3Jiy4eHHH B 
MoflejiH Jia3epa, pe30HaTop KOToporo coaepxHT 
aKTHBHyK) cpe/ry, <bapafleeBCKHH BpamaTejib H He- 
HfleajibHHH JiHHeHHbiH nojrapn3aTop. npHBe/jeHbi 
MHCJieHHbie oueHKH nojiy4eHHbix pe3yjibTaT0B /ana 
HanGojiee HHTepecHbix Macmbix cnytaeB, a Taioce 
SKcnepHMeHTaribHbie .aaHHbie. Hccjie/iyeMaa MO- 

aejib Jia3epa npe/jcTaaneHa Ha pnc. 1. 
B OTJiHHHe OT H3BecTHbix cnoco6oB onHca- 

HHH Jia3epoB paccMOTpeHHe o/jHOBpeMeHHoro 
BJiHHHHH aHH30TponHH H acbcpeicra Oapanea Ha 
yroji noBopoTa JIMHCHHOH nojiapH3aiiHH npoBO- 
ilHTca c yqeTOM MHoroKpaiHoro OTpaxeHHa H3- 
jiyqeHHH OT 3epKaji pe30HaTopa. Be3 HapymeHHa 
O6UTHOCTH ÄajibHeHiiiHX paccyxcfleHHH npe/ino- 
JiaraeTCH, HTO npH H=0 nojiapH3auHa_H3jiyqeHHH 
HMeeT BepTHKajibHoe HanpaBJieHHe E = E0J■ 

Toraa B npaMoyrojibHOH CHCTeMe Koop/iH- 
HaT, CBa3aHHOH c rjiaBHbiMH HanpaBjieHHaMH 

By now, the changes of radiation 
polarization caused by the Faraday effect 
in active medium of laser with anisotro- 
pic resonator have been studied in details 
[1-3]. In [4, 5] the control of laser radi- 
ation polarization by means of passive 
intra-resonator electrooptic cell was 
considered. However, the transients in 
laser with Faraday cell, characterizing 
the formation of stationary polarization 
state, were investigated insufficiently. 

In the paper, a transient resulting in 
formation of stationary polarization of 
radiation in a laser, which resonator 
includes active medium, Faraday rota- 
tor and nonideal linear polarizer, is 
studied. Numerical estimates of the results 
obtained and experimental data are 
presented for the most interesting par- 
ticular cases. The laser model to be 
analysed is shown in Fig. 1. 

Unlike the known ways for laser 
description, we consider simultaneous 
influence of the anisotropy and Faraday 
effect on rotation angle of linear polari- 
zation with taking into account multiple 
radiation reflections from the resonator 
mirrors. Without loss of generality, it is 
supposed that the radiation is vertically 
polarized at //=0. 

Then, in the cartesian coordinates 
corresponding to the principal axes of 
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nponycKaHHH nojiHpjmTopa, peicyppeHTHoe co- 
OTHOiiieHHe, onHCHBaromee cocroHHHe nojiHpH- 
3aiiHH B TOHKe A noaie n nojmbix OöXOäOB H3Jiy- 
neHHeM pe30HaTopa B npHMOM H o6paraoM 
HanpaBJieHHHX npn HanpJDKeHHocra MarHMTHoro 
nojia H>0 MOJKHO npeflCTaBHTb B Bme 

the polarizer, the recursion relation, 
which describes polarization state in the 
point A after n complete (in direct and 
opposite directions) passages of the 
resonator radiation, can be presented 
for the case H>0 as 

En=K*nV„J+E„cosV„J, (1) 

E„ = £„(/?, R,)"12 -exp^ßD-fl (^2sin2 4>eF +k2 cos2 VeF f2, 

Vn,a=2Q"-£&Qm,   
x¥e,F=2Qe-I,AQm. (2) 

3flecb /?, H R2 - Koad;(pHUHeHTH orpaxeHHH 
no HHTeHCHBHOCTH 3epKa/I 1 H 2; b - K03(b(pH- 
nneHT ycHneHHH aicrHBHoü cpeflbi Ha cmmHuy 
mmm; L - jvmm. ajcraBHOH cpeubi, k{ w. k2 - 
K03<p(pHUHeHTM Han6ojibuiero H HaHMeHbinero 
rjiaBHbix nponycKaHHft HenueajibHoro nojiapH- 
3aTopa c a3HMyroM 90°; Q — yroji oflHonpoxoa- 
Horo (papaaeeBCKoro BpameHHH; AQn — yMeHbine- 
HHe yrna noBopoxa JIHHCHHOH nojwpH3auHH 3a 
oflHH o6xofl H3jryHeHneM pe30HaTopa, BH3BaHHoe 
aeftcTBHeM nojwpH3aTopa; "F n^f- yniH, on- 
peflejiaiomHe HanpasneHHe jiHHeHHOH nojrapH3a- 
UHH npH noflxo^e Ha/ryneHHA K TOHKC A co cro- 
poHbi nonapH3aTopa H cbapaaeeBCKoro Bpamarejm 
cooTBercTBeHHO. rpacpmecKasi HHTepnpexamM (1) 
H (2) MA n=\ npeflcxaMeHa Ha pnc. 2. 

Here Ä, and R2 are intensity reflection 
factors of mirrors 1 and 2; A is a gain of 
active medium per length unit; L is the 
active medium length, kx and k2 are 
factors of the maximum and minimum 
main transmissions of nonideal polarizer 
with 90° azimuth; Q is a single-pass 
Faraday rotation angle; AQn is decrease 
of linear polarization (LP) rotation angle 
for one passage of the resonator radiation 
caused by the polarizer influence; ^ and 
x¥nF determine LP orientations while the 
radiation approaching to point A from 
the direction of polarizer and Faraday 
rotator. Interpretation of (1) and (2) is 
shown in Fig. 2 for the case n=l. 

1J- 
13 4 5 2 

PHC. 1. Moflejib Jia3epa: 1,2- 3ep>cajia pe3OHaT0pa jKuepa, 3 - aicrHBHaji cpcna, 
4 - HeiweajibHbiH jiHHeftHbifi nojwpjraTop, 5 - MaraHTHbift KpHcrajm c 
coJieHOHÄOM (flieftKa «Dapanes) 

Fig. 1.    Laser model: mirrors (1, 2) of laser's resonator, active medium (3), 
linear polarizers (4), Faraday rotator (4) 

3HaieHHe AQn Taioce onpeaejineTCH peicyp- AQn value is determined from the re- 
peHTHHM cooTHomeHHeM cursion relation 

AQ„ = arctg 
(*, -k2)tg¥„F 

(3) 
*.+*itg2^ 

Yroji noBopoTa HanpaaneHHH nojiapH3auHH H3- The polarization rotation angle of the 
jiyqeHHH, BbiBQUHMoro H3 pe30HaTopa nepe3 3ep- radiation directed from resonator through 
Kajio 2, HaxoAHTCH H3 BbipaxeHHfl mirror 2 can be found as 

T„=ö(2«-l)-lAÖ.. (4) 
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Intracavity Faraday Rotation 

PHC. 2.   H3MeHeHHe yrjia noBopoTa HanpaaneHHH JIMHCHHOH narwpH3auHH 3a OäHH 

O6XOä nPH 7i=l; 1 - Wlf=2Q; 2 - xP1,=29-Ae,; 3 - A8,; Eu=ElxF-k=Els\niVla; 
Ei=Eiy.Fkix°Ei-cos'Vlüt 

Fig. 2.    Change of rotation angle of linear polarization for one round (n=l): vP1/.=20 (1); 
¥„=29^9, (2); A9, (3); E^E^k^E^änV^; E^E^k^-cosV^ 

HccjieflOBaHHe nepexo^Horo nponecca, ocy- 
mecTanaeMoe c noMombio (2) M (3) noica3bi- 
BaeT, iTo npn 3aaaHHbix kv k2 H Q HOBoe cra- 
UHOHapHoe cocTOHHHe nojiapH3auHH wn H*0, 
OTJiHMHoe OT nepBOHananbHoro (i/=0), ycra- 
HaB^HBaeTca acHMnTOTnnecKn, npirceM H3Me- 
HeHHe yrjia noBopoTa JIHHCHHOH nojmpimmiH 
3a KaayibiH oöxofl pe30HaT0pa 3aBHCHT OT BejiH- 
HMHbi pa3H0CTH A^,, a=2Q- AQn. HaKoruie- 
HHe yrjia noBopoTa 4-^ a OT npoxo^a K npoxony, 
B03MoacHoe OJiaroflapa HeB3aHMHOCTH adjxpeK- 
Ta <I>apaaea, npowcxoflMT ao Tex nop, noKa 
Ax¥n a>0, H npeKpamaeTCH, Koraa A*Pn a=0 T.e. 
npn'flocTHaceHHH paBeHCTBa 2AQ = Qn\ 

AHajiH3 (popMyjibi (4) noica3biBaeT, HTO yroji 
3aBHCHT or kr k2, Qviti. HanpHMep, wn O;THO- 
ro 6piocTepoBCKoro OKHa (£,=1, £2=0,85) npw 
ß=l° H «=20, ^=5°, a Ana flßyx — npH Tex ace 
yCJIOBHHxT^ll0. 

HaHöojibiiiHM npaKTHHecKidi HHiepec npeflcraB- 
jineT MaKCHMajibHbiH yroji noBopora HanpaBneroia 
nonHpH3auHH B crauHOHapHOM peaaovie reHepauHH, 
^Smax > KOTOpblH MTOKHO HaHTH H3 (pOpMVJIbl (3) 

npH AQn = 2Q. J]pm>Häfamm aHaiuo noica3an, HTO 
c yBejnweHHeM Q 3HaHeHna tg^ ocraioTCH acPi- 
CTBHTCJIbHblMH, nOKa  Q He flOCTHraeT BeJlHHHHbl 
Q   , onpeflejweMOH paBeHcreoM 

The transient investigation with the 
use of (2) and (3) shows that for given 
kv k2 and Q a new stationary polariza- 
tion state is formed asymptotically for 
H*0 value, which differs from initial 
(H=0). In this case, the change of LP ro- 
tation angle for each passage depends on 
A^ =2Q-AQ„. Accumulation of the 
rotation angle 4^ with passages is pos- 
sible due to the'Faraday effect non- 
reciprocity; it takes place until AxF/i a>0, 
and stops as soon as 2Aj2 = Q„. 

The analysis of (4) shows that the 
angle depends on kv kv Q and n. For 
example, *F =5°-and llc for one and 
two Brewster windows (k=l, k2=0,85) 
when ß=l° and n=20. 

The maximum angle of polarization 
rotation TSm in the stationary gene- 
ration mode is of most practical interest. 
It can be found from (3) at AQn-2Q. 
The further analysis has shown that with 
increasing Q, values of tg¥F

s remain real 
until Q becomes equal to Qmax; the latter 
is determined by 

a'~4"ctglsl (5) 
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npH BbinojmeHHH KOToporo MaiccHManbHbiH JTOJI 

noBopoTa JiHHeflHOM nojwpH3aunH onpefle^neTCfl 
B BHfle 

If (5) is true, then the maximum rotation 
angle of linear polarization is defined as 

Y' = arctg^ lk2. (5) 

CoraacHO (6), ^„^ TeopeTHHecKHMOxeT6brrb 
JIK>6HM B HHrepBajie or 0 pp 90° npn H3MeHemin 
A:,, k2 or 0 no 1. PJW Jia3epa c O^HHM H flpyMH 6pio- 
crepoBCKHMH OKHaMH MaKCHMajiBHbie yrcibi noBO- 
pora B crauHOHapHOM poraiMe cocraarfaiOT 47° H 

49°, a Q    paBHbi 2° H 4° cooTBeTCTBeHHo. 
C yneroM aHH30TponHbix noTepb noporoBbift 

K03(p(pHUHeHT ycmiemifl aKTHBHOH cpeobi MO>KHO 

npeAcxaBHTb B Bnae 

According to (6), theoretical ^F
Smax 

value may lie within 0 to 90° range while 
changing *,, k2 fiom 0 to 1. For laser with 
one and two Brewster windows, the maxi- 
mum angles in a stationary mode equal to 
47° and 49°, whereas Q    equals 2° and 4°. 

Considering the anisotropic losses, a 
threshold gain of the active medium can 
be written in the form 

ß': ln- 
1 

+ ln 
1 

(RAT2       [k2
2+(kf-k2

2)cos2^n„]' 
(6) 

ripn Q>Q HaKormemie yrjia noBopoTa or- 
paHHMHBaeTca cpbiBOM reHepauHH, KOTopbifi 
npoHcxoÄHT, ecjiH ß<ß'max, onpe,ne;meMoro H3 
(7), npH xFn/r=90°. CymecTBeHHO, HTO orpaHH- 
neHHe yrjia BHyTpHpe30HaTopHoro Bpamemra BO3- 

MO)KHO B COOTBCTCTBHH c (5) .no HacrynjieHHa 
COCTOflHHH HacbimeHHH MarHHTHOrO KpHCTaJUia. 

TaKHM o6pa30M, pa3Mememie MarHHTHoro 
KpHCTanna BHyrpH pe30HaTopa Jia3epa no3BO- 
jineT 3HaHHTe^bHO (6ojiee neM Ha nopaaoK) yBe- 
jiHMHTb yroji noBopoTa ^ no cpaBHeHHio c 
oflHonpoxoflHMM (bapaneeBCKHM BpameHHeM Q. 

B 3aKJiKweHHe npHBeaeM pe3yjibTaTbi 3Kcne- 
piiMewra. B aKcnepHMenre HcnoJib30BancH craH- 
aapTHHH He-Ne Jia3ep rana JirH-111 Ha flJiHHe 
BOJiHW X.=3,39 Jim. OKHaTpyöKH ycraHaBJiHBaiiHCb 
no« yraoM Eprocrepa. MoHOKpHCTarui *:ejie30HT- 
TpHeBoro rpaHaTa (Y3Fe50[2) HMeji dpopMy AHC- 

Ka, Bbipe3aHHoro B KpHCTaiuiorpaibHHecKOH ruioc- 
KOCTH (111), TOJ1IUHHOM 1 MM H flHaMeTpOM 3 MM. 
H/iocKocrb flHCKa pacnojiarajiacb nepneHUHKyrap- 
H6 OCH pe3OHaT0pa. riocTOHHHoe Mamm-Hoe nojie, 
HeoöxoÄHMoe ana nojiyneHHH (papaaeeBCKoro 
BpaiueHHfl, co3flaBajiocb cojieHOHflOM. Bem-noma 
yrjia T£ onpeaemnacb npn noMoum KaJibUHTO- 
Boro aHanroaropa, pa3MemeHHoro BHe pe30Ha- 
TOpa Jia3epa. MaKCHMajibHoe 3HaneHHe *F£, ,noc- 
THrHyroe B sKcnepHMeHre, cocraBJiaro 30° npH 
//=60 3, T.e. oflHonpoxoflHOM (bapaaeeBCKOM Bpa- 
uieHHH 0=0,6°. 

npHBeaeHHbie aaHHbie HaxoflHTca B xopouieM 
COOTBeTCTBHH c pe3yjibTaTaMH TeopeTHqecKHX 

With Q> Qmax the rotation angle accu- 
mulation is restricted to the generation 
breakdown, which occurs if ß<ß!„<„ de- 
termined from (7) at ¥„ f=90°. It is es- 
sential that restriction' of the intra- 
resonator rotation angle is possible by (5) 
before the magnetic crystal saturation. 

Thus, the insertion of the magnetic 
crystal into laser resonator allows to 
considerably increase the rotation angle 
^j in comparison with single-pass 
Faraday rotation Q. 

Finally, we present results of expe- 
riment, in which a standard He-Ne laser 
(LGN-111) with ^=3,39 urn was used. 
The tube windows were set at Brewster 
angle. The monocrystal of iron-yttrium 
garnet (Y3Fe50|2) was a disk cut out in 
the crystallographic plane (111) with 1 
mm thickness and 3 mm diameter. The 
disk plane was perpendicular to the 
resonator axes. The constant magnetic 
field required for Faraday rotation was 
provided by solenoid. The angle W^ was 
determined with the use of tiff analyser 
placed outside the laser resonator. The 
maximum ¥£ value obtained in the 
experiment was 30° at /7=60 oersted, 
i.e. at single-pass Faraday ratation 
0=0,6°. 

The given data well agree with results 
of theoretical calculations. The results 
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pacMeTOB. Pe3yjibTara pa6ora noKa3HBaioT, HTO 

BHyrpnpe30HaTopHbTe MOÄyjWTopbi cbapaaeeBCKoro 
mna floiDKHfai Ha nopsmoK H Sojiee 6biTb atJxpeK- 
THBHee aHaJIOTCKHMX BHeiUHHX MOZTyJIHTOpOB. 

obtained show that intra-resonator modu- 
lators of Faraday type should be of order 
and more effective than the similar exter- 
nal modulators. 

References JlHTepaTypa 

[1]   Sinclair D.C., Polarization characteristics of an ionized-gas Laser in a magnetic field.- 
J.Opt. Soc.Amer., 1966.v56,N? 12, pp. 1727-1731 

[2]  Le Floch A., Le Naour R. Polarization effects in Zeeman lasers with x-y type loss 
anisotropies. - Phys. Rev. A, 1971. v 4, N° 1. pp. 290-295 

[3]   KncejieB B.M., Bo6poB B.JÜ,. rpeHnnmHAC.     [3] 
H flp. OapaaeeBCKoe Bpaiueroie B aicmBHOM 
cpe/ie (poTOAHccomiaTHBHoro no^Horo jia- 
3epa. - KBaHTOBaa aneKTpoHHKa, 1978, T5, 
N>2, c. 312-317 

[4]   MycTejib E.P., IlapbirHH B.H., CojioMa-    [4] 
THH B.C. BHyTpeHHHH MOflyjIHllMH ra30- 
Boro Jia3epa B HecHHxponHOM pexniwe. - 
PaflHOTexHHKa H s-JieicrpoHHKa, 1969, 
T14, Ne 6, c. 1029-1034 

[5] JlnnaTOB A.C., ITapHrHH B.H. BHyrpeH- [5] 
HAH MO/ryjifliinH nojiflpH3airnn HHcbpa- 
KpacHoro Jia3epa. - PaßnoTexHHKa H ajiex- 
TpoHHKa. 1976, T 21, N2 2, c. 290-296 

Kiselev V.M., Bobrov B.D, GrenishinAS., 
et al. Faraday rotation in active medium 
of photo-dissociative iodic laser. 
Quantum electronics, 1978, Vol. 5, No. 2, 
pp. 312-317 (in Russian) 
Mustel E.R., Parygin V.N., Solomatin 
V.S. Interior modulation of gas laser 
in asynchronous mode. Radiotechnika i 
elektronika, 1969, Vol.14, No. 6, pp. 
1029-1034 (in Russian) 
Lipatov A.S.,Parygin V.N.Interior po- 
larization modulation of infrared laser. 
Radiotechnika i elektronika, 1976, Vol. 21, 
No. 2, pp. 290-296 (in Russian) 

141 



noJIflpiOaUllOHHljrä   IWOflyJIHTOp 
H3JryMeHHH He-Ne Jiasepa 

B.A. Taßapmi, T.A. IHaApiui 

CypiyrcKHH rocynapcTBCHHMii ynuiicpciiTCT 
E-mail: tabarin@surguttcl.ru 

B doKßade paccMampueaemoi no.inpti3au,uoimbiü 
eitympupe30iiamopiibiii Modynnmop u3/iyiemin He- 
Ne Jimepa na ocnooe Mazuumuoü diujipaKHUowioii 
pemeniKii (Mß,P), no3eoAsuoiu,uü cymecmeeimo yee- 
mmumb miKoeyio Mouutocmb auxodnoio mnytenun. 
B tcanecmee MJJP ucno/ib3yemcsi ducic ia xcejie30- 
ummpueeozo epanama, e KomopoM nod deücmeuau 
ynpaßnwmupzo Mozuumnozo nonn co3daemcn nojio- 
coean doMemiaa cmpyicmypa, npedcmaejmoinan co- 
6oii du(ppaKu,uoHnym peiuemicy. B ommmue om mpa- 
diinuoHHbtx euympupe30namopnbix modynamopoe e 
äaiinoü cxme oßa 3epKcma pe30namopa na3epa ivue- 
mm 100% K03(p(fmnueHmbi ompaoKemm, a winyuenue 
eueodumcsi nepes duqbpaKiaiowibie MatcautyMbi, npu- 
'leM ebixodimü fiyn u nyn enympu pe30namopa noim- 
pu3oeanbt 83aiiMno nepneiiduKympno. B SKcnepimenme 
npu eo3deücmeuu imnynbcoe motca c aMWiumydoü 
do 10 A u dmimaibHocmbK) 1 MKC noAyuena nrnco- 
ean Mouuiocmb, e 20 pa3 npeebiuiammcw euxoduym 
Mou(Hocmb Jici3epa mpaduiuionnozo muna. 

Polarization Modulator 
of He-Ne Laser Radiation 

V.A. Tabarin, G.A. Shadrin 

Surgut State University 
E-mail: tabarin@surguttel.ru 

In the presentation, polarization intra- 
resonator modulator of He-Ne laser radi- 
ation based on magnetic diffraction grating 
(MDG) allowing to essentially increase of 
output peak power radiation is analysed. 
As a MDG, a disk of iron-yttrium garnet 
is used, in which a strip domain structure 
influenced by control magnetic field is 
created. This structure forms a diffraction 
grating. Unlike traditional intra-resonator 
modulators, in the given design both 
mirrors of the laser resonator have 100% 
reflection coefficients, and the radiation is 
directed through diffraction maxima, in 
this case, the output beam and beam inside 
the resonator are orthogonally polarized. 
In the experiment, output peak power 20 
times exceeding the typical value was 
obtained under impact of 10 A and 1 ps 
current pulses 

Ha Ka<j>e,npe 3KcnepnMeHTajibH0M tpH3HKM 
Cypry new pyKOBOflCTBOM aBTopa jipcTaTOHHO 
aaBHO BeflyrcH pa3pa6oTKH jia3epHbix jioicaTopoB 
wa o6napyxeHHH yreqeK MCTaHa H3 Tpyßonpo- 
BOflOB c 6opTa BepTOjieTa Ha ocHOBe He-Ne Jia- 
3epoB, reHepnpyioinHX Ha zuiHHe BOJIHH X=3,39 
p.m. HecKOJibKo o6pa3upB jioKaTopoB aKcruryara- 
pyiOTCH B P33JIHHHMX ra3on,o6bmaioirrHX opraHH- 
3auHHX. CymecTBeHHbiM HeßocraTKOM HsnaeTCH 
Manas reHepHpyromaa Jia3epaMH MoiuHOCTb (15 
MBT)   H   COOTBeTCTBeHHO   HeÖOJIblUaH   BblCOTa 
nojieTa BepTOjieTa (~100 M). 

B aaHHOM ÄOKnafle paccMaTpHBaeTcn BO3MOX- 

HOCTb yBeJiHMeHHH MOIUHOCTH reHepau.HH npo- 
MbiuuieHHbix He-Ne ;ia3epoB rana JirH-111 6jia- 
ro/rapa Hcno^b30BaHHio BHyrpnpe30HaTopHoro 
MojryJiflTopa, TOHHee MOflyjiHTopa CBJBH. 9Ta mea 
He HOBa. H3BecTHO HecKo^bKO pa6oT no yBejnwe- 
HHK) nHKOBOH MOIHHOCTH He-Ne H aproHOBbix 
jia3epoB c Hcncmb30BaHneM 3jieKTpoonn«ecKHx, 
a TaioKe aKycToornrwecKHX MojryjwTopoB [1-3]. 0$,- 
H3KO H3-33 Tpe6yeMbIX 6ojIbHIHX MOÄyJIMpyiOIHHX 

Development of He-Ne laser systems 
(^=3,39 um) intended for detection of 
methane leakages from pipelines and 
installed on helicopters is carried out for 
a quite long time at the Experimental 
Physics Chair of SurSU under the author 
direction. Several prototypes of laser sys- 
tems are used in various gas-production 
companies. The essential deficiency of the 
systems is small output power (15 mW) 
and, therefore, low altitudes of helicopter 
flights (~100M). 

In the given presentation, we con- 
sider opportunity of increasing output 
power of industrial He-Ne lasers (LGN- 
111) by means of intra-resonator modu- 
lator, or more precisely the connection 
modulator. This idea is not novel. It is 
known results [1-3] of increasing peak 
power of He-Ne and argon lasers with 
the use of electrooptic and acousto- 
optical modulators. However, because of 
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Polarization Modulator ofHe-Ne Laser Radiation 

cumanoB TaKxce KOHcrpyKiiHH He nojryHHJiM CBO- 

ero pa3BHTHH. 
HaMH npexuiaraeTca ,OJIH Hcncnb30BaHHfl B 

KanecTBe BHyTpHpe30HaTopHoro MoayjiHTopa 
MarHHTHaa /incppaKUHOHHaH pemeTKa c flocra- 
TOHHO 6OJIMHOH flHIppaKUHOHHOft 3(pCpeKTHBHO- 
CTbK), MajIHMH nOTepHMH H He60JIblIIHMH MO- 
flyJIHP>101UHMH TOKaMH [4]. 

KoHCTpyKUHH npe/waraeMoro MOflyjmTopa 
npHBe^eHa Ha pHc. 1. 

required large modulating signals these 
designs are not prospective. 

We suggest to use magnetic diffrac- 
tion grating with enough high efficiency, 
small losses and modulating currents [4] 
as the intra-resonator modulator. 

The design of the modulator is 
shown in Fig. 1. 

PHC. 1. 

Fig. 1. 

C£> 

EjioK-cxeiwa ycTaHOBKu: 1 ii 2 — 3epKana pe30HaTopa Jia3epa c K03<})cpHUHeHTaMH 
OTpaxeHHJi OKOJio 100%, 3 — He-Ne aKTHBHan cpefla, 4 — äHCK H3 MOHOKpucTajuia 
xejte30HTipHeBoro rpaHaTa, 5 — KaTyuiKH TejibMronbiia, 6 H 6' — ,an(pparapoBaBiiine 
JIVHH /nopHÄKa, 7 — jiHH3a, co6npaioman flH(pparnpoBaBiune Jiynn, 8 — HVBCTBH- 
TejibHyio nnoiuanKy 4>OTope3HCTopa C<J>H-12, 9 - perncTpnpyiomee ycTpoöcTBO, 10 
— rerrepaTop HMnyubcoB TOKa 
Block diagram of the installation: mirrors of laser's resonator with reflection factor 
about 100% (1 and 2), He-Ne active medium (3), disk of yttrium iron garnet 
monocrystal (4), Helmholtz coils (5), diffracting beams of 7-th order (6 and 6'), lens 
collecting diffracting beams (7), light sensing site of photoresistor (8), recorder (9), 
current pulse generator (10) 

KaK BHflHo, H3jryHeHHe /KBepa He BbiBOflHTca ne- 
pe3 3epKana, a BMBQUHTCH TOJIBKO 3a cner flH(ppaKUHH 
Ha nojiocoBbix flOMeHax (peppHTOBoro o6pasua. 
IIpHMeM, H3JIVHeHHH flHfppaKUHOHHbK MaKCHMyMOB 
nojwpH30BaHbi nofl yrnoM 90° no oTHomeHMio K no- 
JiapH3atiHH nanaiomero Ha MflP jryna. 

OueHHM (DOpMy, fl^HTCJIbHOCTb H MOlUHOCTb 
CBeTOBHX HMnyjIbCOB, BHBOflHMblX H3 pe30HaTO- 
pa, ecjiH c^HTaTb, HTO reHepaTop TOKa ana nw- 
TaHHa KaTyuieK reJibMrojibua co3flaeT npHMoy- 
rojibHbie HMnyjibCbi ÄJiHTejibHocrbio T. 

CflejiaeM flBa npe/nTOJioxeHHJL Bo-nepBbix, 6y- 
neM cqHTaTb, HTO flnHTejibHOCTb HMiryjibca TOKa 
T cymecTBeHHO 6ojibine BpeiweHH npoxoxmeHHH 
CBeTa B pe30HaTope 3a OäHH npoxoa. Bo-BTOpbix, 
H3BJieMeroie HaKoruieHHoft SHepnm H3 pe30HaTOpa 
npoHcxoflHT 3a flocraTOHHo KopoTKoe BpeMH. 3ro 
03Haqaer, HTO 3a BpeMH fleftcTBHa cBeroBoro HMnyjibca 
He npoHcxoOTT KaKoro-HHÖyob 3aMerHoro H3MeHe- 
HHH MOIUHOCTH CBexa B pe30Harope, T.e. flrorrenbHocTb 
H3aneKaeMoro CBeroBoro HMnynbca aonacHa 6brrb cy- 
mecTBeHHO Kopone BpeMeHH ycraHOBJieHHH crairH- 
oHapHbrx KoneöaHHH B pe30HaTOpe. 

As seen, the laser radiation is directed 
only due to diffraction on strip domains 
of the ferrite sample. In this case, radia- 
tion of diffraction maxima is polarized at 
90° relatively to polarization of beam 
incident on the MDG. 

Let us estimate shape, duration and 
power of the light pulses at the resonator 
output, on condition that the current ge- 
nerator for feeding Helmholtz forms 
square pulses with duration T. 

Let us make two assumptions. At 
first, let us consider that the current pulse 
duration T is much more than time of 
light single passage in the resonator. 
Second, extraction of the energy accu- 
mulated in the resonator occurs for a quite 
short period. It means that during the light 
passage there is no visible change of the 
light power in the resonator, i.e. duration 
of the extracted light pulse should be much 
shorter than interval of stationary oscil- 
lations formation in the resonator. 
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CpeflHHH MomHocTb cBeToiioro cnrnajia, H3- 
BJieKaeMoro H3 pe30Haropa B onynae 100% rny- 
6HHM MOfly/ianHH, MoxeT 6biTb noÄcqHTaHa no 
c/icuyiomeü dpopMyjie 

P0=2TIP(1- 

rjlC P - MOlUHOCTb CBCTOBblX KOJie6aHHH B pe- 
30HaTOpe,   T)   -   flHCppaKUHOHHafl   3<h(peKTHB- 
HOCTb MAP- Tor/ia Kllfl, MOflyjiHTopa x HaHfleM 
H3 BbipaxenHH 

For the case of 100% modulation, the 
mean power of light signal extracted 
from the resonator can be found as 
follows 

■ri), CD 
where P is power of light oscillations in 
the resonator, r\ is the MDG diffraction 
efficiency. Then, the modulator effici- 
ency is written in the form 

-TÖ- <2> X = PJP = 2r,(l 

OopMa CBeTOBoro HMny^bca MoaceT 6biTb no- The light pulse shape can be found 
jiytiena H3 peiueHHa fliirbcpepeHUHajibHoro ypaB-    from solution of differential equation [2] 
HeHHH [2] 

IP   _   dP 

IVI c       dt 
Here L is the laser resonator length, c 
is light speed 

(3) 

3Aecb L' - flJiHHa pe30Haropa jmepa, c - CKO 

pOCTb CBeTa. 
PeuieHHe (3) 3annuieM B BHäC 

?o=< 
IPs eXP 

o, 

It 
2Vlc 

The solution (3) is written as 

t<T, 

t>T. 

(4) 

B (4) P - MomHOCTb HsiiyHeHHH BHyrpn pe30Ha- 
Topa npn t = 0. Bbipa3HM Ps ^epe3 napaMeTpbi 
aKTMBHoft cpejjbi M ntnmmiy noTepb pe30Haropa. 
JUjia 3Toro Bocno^b3yeMca xopoiuo H3BecTHOH 
cbopMyjion ana HacwmeHHoro K03(b<J)HuneHTa 
yCHJieHHH aKTHBHOH cpeflbi 

g = g0 
1+- 

rae g0 - K03cp(bnuHeHT ycH^eHHH aKTOBHon cpe- 
flbi npn oTcyrcTBHH HacbimeHHH, Pm - napaiweTp 
nacbirueHHa, v - noKa3aTejib cTeneHH, 3aBHCH- 
IUHH OT xapaicrepa yninpenHH JIHHHH ycmienHJi. 
YHHTbrnaa, HTO flJia Majioro HacwmeHHoro ycw- 
jieHHH KOJie6aHH3 B pe30Ha-rope ycTaHaBJiHBa- 
lOTca 3a oflHH npoxofl, MoxeM 3anncaTb 

In (4), P is radiation power inside the 
resonator at r=0. Let us express P through 
parameters of active medium and reso- 
nator losses. For this purpose, we use 
the well known expression for saturated 
gain factor of active medium. 

(5) 

where g0 is the gain factor of active me- 
dium without saturation, Pm is the 
saturation parameter, v is exponent de- 
pending on broadening of the gain line. 
Since for a low saturated gain, the reso- 
nator oscillations are formed for one 
passage, we can write the following 

gL~a, (6) 

rael-wiHHarasopaspaflHOHTpyeKHJiasepa.a- where L is length of the laser gas- 
nojmbie noTepn pe30HaTopa c cpeppHTOBWM 06- discharge tube, and a is total losses of the 
pa3UOM. resonator with ferrite sample. 

rio/icTaBjiHH (6) B(5), nojiyqHM rpopMyjiy flJia Substituting (6) in (5) gives 

Pr B BHfle 

'goL /„ r\1/v 

P. = P.. 
a 

-1. (7) 
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Orcioaa BUOHo, 4TO ypoBeHb MOIUHOCTH P 
pe3KoyBcriHHHBaeTCH, earn a <K g0L, oco6eHHOfljm 
Jia3epoB c HeoOTOpoaHO-yiimpeHHoft JiHHHeft ycn- 
jieroiH (KOK B HameM cjiynae), Koraa v=0,5 . 

HcnojiKjyH dpopMyjibi (7) H (4) ann HCOäHO- 

POÄHO yillHpeHHOfi JIHHHH, MOIUHOCTb, H3BJieKae- 
Maa H3 pe30Haxopa, MoaceT 6biTb noflCHHTaHa no 
(popMyne 

7&* 

It is seen that power P essentially 
increases if a<s.g0L, and especially for 
lasers with non-uniformly widened gain 
line (our case) when v=0,5. 

The use of (7) and (4) for nonuni- 
formly widened gain line allows to find 
power extracted from the resonator 

Po=XK a 
exp %t 

2L'/c 
(8) 

BpeMa ycTaHOBJieHHH MOHTHOCTH B pe30HaTo- 
pe paccMHTaeM H3 ypaBHeHHH [5] 

dp 

dt 

Time period for power stabilization in 
the resonator is calculated [5] as 

^-Z-igL-a). 
Vic 

(9) 

Hapnc. 2 npHBeaeHbi KaqecTBeHHbie rpa(pHKH Figure 2 shows qualitative diagrams 
peiueHHH ypaBHeHHH (9). of the equation (9) solution. 

PHC. 2.    3aBHCHMOCTb OTHOCHTejTbHOH MOIUHOCTH BHVTpH pe30HaTOpa ß 
or BpeMeHH: 1 — aKTHBHaa cpeaa c OäHODOäHO yurapeHHoft 
•HHHHeft, 2 — aKTHBHaa cpe.ua c HeoÄHopoaHO yuiHpeHHoft 
JlHHHeft 

Fig. 2.    Time dependence of relative power ß inside resonator: active media 
with uniformly (1) and non-uniformly (2) broaden lines 

H3 peiueHHH (9) Taiace HaxoflHTca BpeMH T, 

Heo6xO^HMOe flJIH B03paCTaHHH 3HeprHH B pe30- 
Harope c 10% no 90% cBoero MaiccHMajibHoro 
3HaqeHHa. 

IIoÄCHHTaeM cpeflHiOK) MourHocn. BbrxoflHoro 
CBetoBoro HMnyjibca no (popMyjie 

The solution of (9) allows to find 
time x necessary for increasing energy 
in the resonator from 10 to 90% of the 
maximum value. 

Let us calculate mean power of output 
light pulse by formula 

P=^: 
m    At 

AP£ 

At   c' 
(10) 

rae AE — aHepraa, Bbixoflaiuaa H3 pe30HaT0pa, 
AP — H3MeHeHne ypoBHH MOUTHOCTH BHyrpn pe- 
30HaTopa, Bbi3BaHHoe Bbixo^oM 3HeprHH, Ar— ne- 
pnofl cneflOBaHHH CBCTOBHX HMny/ibcoB. 

3KcnepHMeHTajibHbie pe3yjibTaTbi npHBeae- 
Hbi pjisi cjiezryioruHx napaMetpoB MOflyjiHTopa 

where AE is energy at the resonator, AP 
is power change inside the resonator 
caused by the energy output, Ar is 
repetition period of light pulses. 

The experimental results were ob- 
tained for the following parameters of 
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(pHC. 1). 06pa3eu xejie30HrrpneBoro rpaHaTa BH- 

6HpajicH B BHfle ÄHCKa flHaiweTpoM 6 MM, TOJI- 

UIHHOM 1 MM. HCTOHHHK TOKa reHepHpoBaji 
nocJieflOBaiejibHOCTb npHMoyroubHbix HMiryjibcoB 
XUIHTejTbHOCTblO 1 MKC CO CKBJDKHOCTMO 20. AMII- 

jimyfla HMny^bcoB flocraraa 10 A, MTO o6ecne- 
qHBano, 6jiaroflapa lanyiiiKaM rejibMrojibua, Be- 
jvmvmy MarwiiTHoro no™ B IIJIOCKOCTH o6pa3ue 
nopaflKa 40-^60 3 H, cJieflOBaT&nbHO, nojiocoByio 
aoMeHHyio cipyicrypy. 9dp<fcKTHBHocTb /mcppaKmra 
6buia oKOJio 10%. .n^HHa ra3opa3pMHofl TpyöKH 
L=\ M, ÄHHHa pe30HaTopa ^a3epa L'=1,2M. 

Ha pHC.3 npHBefleHbi neTbipe 3aBHCnM0CTH 
MOIUHOCTH BHyrpH pe30HaTopa or BpeMeHH. 

the modulator (Fig. 1). A sample of 
yttrium iron garnet was chosen as disk 
with 6 mm diameter, and 1 mm thickness. 
The current source generated sequence 
of square pulses with 1 us duration and 
duty factor 20. The pulse amplitude was 
10 A that provided 40-^60 oersted magne- 
tic field (and, therefore, strip domain 
structure) in the sample plane. The 
diffraction efficiency was about 10%. The 
gas-discharge tube length 1=1 m, and 
laser resonator length L'=l,2 m. 

Figure 3 shows four dependences of 
power inside the resonator versus time. 

PHC.  3.    CeMeflCTBO  3aBHCHMOCTeft OTHOCHTejIbHOH  MOIUHOCTH  BHVTpH 
pe30HaT0pa OT BpeMeHH. 1 - MaKCHMajibHaa aMnjiHTyfla 
reHepaTopa TOKa, 4 - MHHHMajibHaH aMiuiHTyfla reHepaTopa TOKa 

Fig. 3.    Dependence family of relative power inside resonator. Maximum 
(1) and minimum (4) amplitude of current generator 

KaK BHOHO, KpHBM 1 COOTBeTCTBVeT MaKCHMaflb- 
HOfi,  a KpHBafl 4  -  MHHHMaflbHOH   aMIUIHTVÄe 
HMiryjibca TOKa B KaTyimce cooTBeTCTBeHHO, T.e. 
3TH KpHBbie nojiyneHbi ana paanHHHbix 3(p(peK- 
THBHOCTefl flHdppaKUHH. 

It is evident that curves 1 and 4 corres- 
pond to maximum and minimum ampli- 
tudes of current pulse in coil, i.e. these 
curves were obtained for different values 
of diffraction efficiency. 

PHC. 4.  <ttopMa cBe-roBbix HMnyjibcoB (2), HHTeHCHBHocTb B pe30HaTope 
(3), HMnyjibCM TOKa (1) 

Fig. 4.    Diagrams of light pulses (2), intensity in resonator (3) and current 
pulses (1) 

Ha pHC. 4 npHBeaeHbi TpH 3KcnepHMeHTanb- 
Hbie ocuHJinorpaMMw: 1 - HMnyjibCM TOKa reHe- 
paTopa (pHC.   1),  2  - MOlUHOCTb H3JiyMeHH»  B 
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Figure 4 shows three experimental 
oscillograms, corresponding to current 
pulses of the oscillator (1), radiated 
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pe30HaTope, 3 — HMnyjibCM MOIUHOCTH, H3ane- 
KaeMbie H3 pe30HaTOpa. 

AHajin3Hpya nojiyneHHbie pe3yjibTaTbi, MOX- 

HO cKa3aTb cjieflyiomee. Cpe/maa BbixoziHaa 
MomHocTb HcarrezryeMoro jia3epa 6wjia npHMep- 
Ho TaKofl «e, KaK H y TpazniUHOHHoro jia3epa, 
pa6oTaiomero B HenpepbiBHOM pexHMe c ofl- 
HHM nojiynpo3paqHbiM 3epicajioM. OflnaKo mi- 
KOBaa MomHocTb B 15 pa3 npeB30iujia cpeamoio 
MomHocTb jia3epa JirH-111. 

OopMa BbixoflHoro MMnyjibca H ero anHTejib- 
HOCTb 3aBHcaT oT OTHTejibHocTH HMnyjibca TOKa 
H HHepUHOHHOCTH MOflyjIHTOpa. K COXaJieHHK), 
nojiyqHTb 6o;iee KopoTKHe HMnyjibCbi CBeTOBofl 
MOIUHOCTH  He yaajIOCb H3-3a HHepHHOHHOCTH 
KaTyuieK TejibTrojibua. 

JIirrepaTypa 

power in the resonator (2), and extrac- 
ted power pulses (3). 

Analysis of the given results allows 
to state the following. Mean output power 
of the investigated laser was close to 
power of a typical laser working in con- 
tinuous mode with one semitransparent 
mirror. However, the peak power was 
15 times more than mean power of the 
laser LGN-111. 

The shape of output pulse and its 
duration depend on current pulse dura- 
tion and responce time of the modulator. 
Unfortunately, we could not form more 
short light pulses because of responce 
time of the Helmholtz coils. 
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flpaeunwan qbopMyjiupoeica sadmu paccesmun aneic- 
mpoMazHunwou eojuiu KOzepenmHUMU monewbwu 
ueMMu e o6wfiM, deyxno3uu,uoHHOM, cnynae 3aeu- 
cum om eeedemw coomeemcmeymuuix no/mpuMem- 
pmecKux cucmeM Koopdunam. B daHHoii paöome 
noK030HU HedocmamKU nacmo ucnontayeMbix co- 
znaiueHuü 'paccesmue eneped' (FSA) u 'paccesmue 
Hd3ad' (BSA), u benommen nonbimm Modutpwu- 
poeamb smu nomunim nymeM eeedenun onepauuu 
oöpameiiua epejuenu 

The proper formulation of the electromag- 
netic wave scattering problem from coherent 
point targets in the general bi-stattc case 
depends on the introduction of appropriate 
polarimetric coordinate systems. This contri- 
bution points out deficiencies of often used 
'Forward Scattering Alignment' (FSA) and 
the'Back Scatter Alignment'(BSA) conven- 
tions and attempts to modify these concepts 
by explicitly introducing the time reversal 
operation 

CuereMM KoopflHHaTbi HcnoJib3VK>TCH ma 
TWO, HT06bI nOHHTb H KOHKpeTH3HpOBaTb Olie- 
paTopHHe nojieBbie COOTHOUICHHH, cdpopMyjiH- 
pOBaHHbie B a6crpaKTHbix repMHHax BeicropoB H 

MaTpHU B KOHeHHOMepHHX KOMnjieKCHblX JIHHeft- 
Hbix BCKTopHbix npocTpaHCTBax. ripH Bbi6ope 
npaBHJibHbix KoopflHHaTHbix CHCTCM H coniame- 
HHH HJOKHa 6o^bIlia3 OCTOpOXHOCTb, MT06bI 3TH 
tpopMyjrapoBKH no3BOJiHJiH HanpHMyio Hcnojib- 
30BaTb H3BecTHbie MaTeMaranecKHe TeopeM B 

OTHOUieHHH <pH3HHeCKOrO MHpa pa3JIHHHbK CU.C- 
HapneB pacceHHHH. B qacraocTH, STO npHMeHH- 
excH K (popMyjiHpoBKe 3amn pacceHHHH npn HC- 

nojib30BaHHH o6w4Hbix coniauieHHH FSA H BSA 
ajiH o6mero cjiynan ,nByxno3HUHOHHOH PJI no- 
jinpHMeTpHH. 3hro npejinoaceHHe TaioKe cBH3aHO 
c nonbiTKott oöteÄHHHTb TpaflHUHOHHbie dpop- 
MyJIHpOBKH B BHfle ypaBHeHHH paflHOJIOKaUHH H 
ypaBHeHHH HanpnxeHHH, KOTopwe CHHTaioTCH 
flBVMH He3aBHCHMbIMH KpaeVTOJIbHblMH KaMHH- 
MH PJI nOJIHpHMeTpHH Ha QflHOM (pyHflaMeHTe. 

Coordinate systems are used to realize 
and concretize operator-valued field 
relations formulated in abstract vector 
spaces in terms of vectors and matrices 
in finite-dimensional complex linear 
vector spaces. Great care must be exercised 
in choosing the correct coordinate systems 
and conventions in such a way that the 
formulations allow a direct application of 
well-established mathematical theorems 
to the physical world of the various 
scattering scenarios. This applies in 
particular to the formulation of scatter 
problems using the conventional FSA and 
the BSA conventions in general bi-static 
radar polarimetry. This suggestion is also 
connected with the attempt to recombine 
the traditional formulations via the radar 
equation and via the voltage equation, 
considered to be the two independent 
cornerstones of radar polarimetry, on an 
equal cohesive footing. 
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BßcucnHe 

PaccMoipHM aHTeHHy c BeKTopaMH anreH- 
HH A,, pacnonoxeHHyro B TOHKe 1 n lojryqaio- 
myio sjieicrpHqecKoe none, KOTopon 3an,aeTca B 
aajibHeö 30He El B TCHKe 2 H npnHHMaeTca TaM 
aHTeHHoft c BeKTopoM aHTeHHbi h2. BB CBOIO 

onepenb 3Ta aHTeHHa H3JiynaeT aneKTpHHecKoe 
none, KOTOpoe B twice 1 3anaeTca E2 M npn- 
HHMaeTca TOM xe aHTeHHon c BeicropoM \. Te- 
opeMa B3anMH0CTH JIopeHua no,npa3VMeBaeT cjie- 
jryjomne ocHOBHbie cooTHonieHHa (CM. MOTT [1]) 

Introduction 

Let us consider an antenna with 
antenna vectors'/z, located at position 1 
and transmitting an electric field that in 
the far field at position 2 is given by El 

and is received there by an antenna with 
antenna vector Ä,. This antenna on the 
other hand emits an electric field that at 
position 1 is given by E2 and is received 
there by the antenna with antenna vector 
A, .Lorentz' reciprocity theorem implies 
the basic relationship, see Mott [1] 

(h1,E2) = hi-E2=hl
TE2=h2

TEl^h2-El^(h2,Ex) 

rae Kaxaaa H3 nap A,,E2 n h1,Ex, 3anaeTca B 
coßcTBeHHOH jiHHeHHOH cncreMe KoopflHHaT. 3TH 

BbipajKeHHa aBnarorca 6iwHHeMHbiMH cpopMaMH 
(He cKarapHbie npon3BefleHna) H onncbmaiOT 
HaBeaeHHbie HanpaxeHna. üosTOMy 3TH (popMM 
nacre Ha3HBai0T ypaBHeHnaMH Hanpasceroia. OHH 

OTJiHHaiOTca or craHaapTHbrx yHwrapHbrx CKanap- 
Hbrx npoH3BeÄeHHH <p,q> = pT*q, cKoropbiMH 
craJiKHBaioTca B nojiapnMeTpnn, H HX ncnojib30- 
Bajin, HanpHMep, jura onpeaejieHna opTOHop- 
ManbHOCTH H OpTOrOHaJIbHOCTH. 

Oßpameime BPCMCHH 

Cßa3b Mexay 6HJiHHeHHbiMH (popMaMn H craH- 
aaprabiM CKanapHHM npoH3BeneHHeM ocHOBaHO 
Ha npencTaBJieHHH o TOM, HTO 6HJiHHeHHbie (pop- 
Mbi BKHKwaiOT ABa Beicropa, onpe,n;eneHHbie wia 
pacnpocTpaHeHHa BOJIHM B nporaBonojioxHbix 
HanpaBJieHHax, xorna KäK yHHTapHoe CKanapHoe 
npoH3Beaemie ncnonbsyemHuib nojiapn3ainroH- 
Hbie BeKTOpbl,  KOTOpbie COOTBeTCTByiOT BOJIHaM, 
pacnpocTpaHaromnMca B OEHOM H TOM xe HanpaB- 
jieHHH. IlpHMeHaa KOHnennnio o6paiueHHa Bpe- 
MeHH 6nnHHflHaa dpopMa Tnna (1\,E2) aojDKHa 
6biTb 3anncaHa 6onee TOHHO B BH^e 

where each one of the pairs A, ,E2 and 
h2,E] are given in its own linear 
coordinate system. The expressions are 
bilinear forms (not scalar products) 
and describe induced voltages. These 
forms are therefore often called voltage 
equations. They are quite different from 
the standard unitary scalar products 
<p,q> = pT'q encountered in polari- 
metry and used for instance to define 
orthonormality and orthogonality. 

Time reversal 

The connection between the bilinear 
forms and the standard scalar product 
is based on the realization that the 
bilinear forms involve two vectors 
defined for wave propagation in 
opposite directions whereas the unitary 
scalar product involves only polarization 
vectors that correspond to waves propa- 
gating in one and the same direction. 
Applying the concept of time reversal a 
bilinear form like (h\,E2) should be 
written more precisely as 

ft, £,) = h[E2 = \T,'E2 = (fiTE2 *<%,E2>. 

OopMajibHoe conpaaceHne A, nponcxoflnr 
M3-3a onepannn o6pameHna BpeMeHH, KOTOpoe 
H3MeHaeT HanpaBJieHne pacnpocTpaHeHna, n 
(B JiHHenHOM 6a3Hce) BH3bmaeT H3MeHeHne Ha- 
npaBJieHna BpameHna ajumnca nojiapH3auHH 
nyieM KOMnjieKCHoro conpaxeHHH (CM. JIiOHe- 
6ypr [2J). ripeflnojioxHM, HTO ajieKTpHHecKoe 
none Ex (o6ycjioBJieHHoe BeKTopoM aHTeHHbi 
A,) B ToqKe 2 GbiJio H3MeHeH0 paccenBaTejieM 

The formal conjugation A, is due to 
the time reversal operation that changes 
the direction of propagation and (in a 
linear basis) produces a change of sense 
of rotation of the polarization ellipse by 
complex conjugation, see Lüneburg [2]. 
Suppose that the electric field El (pro- 
duced by antenna vector f\) at position 
2 has been modified by a scatterer S 
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S, pacnojioxeHHHM B ToqKe^, H no^o6HO TOMy, 
KaK a^eKTpMiecKoe none E2 (o6ycjioBJieHHoe 
BeKTOpOM aHTCHHH   A2   B TOHKe  1) 6bIJIO MOflH- 
cpum-ipoBaHO TeM xe caMbiM pacceHBaTejieM B 

TOMKe 3. Toraa, nojiynaeM 

located at position 3 and similarly that 
the electric field E2 (produced by antenna 
vector h2 at position 1) has been 
modified by the same scatterer at position 
3. Then in obvious notation, one obtains 

£,(F2) = S(F <-F3^F1)/7](F1); E2(ri) = S(rl*-r3<-r2)h2(r2). 

nonepenHbie CHcreMbi KOOp/jHHaTbi B TOHKax 
1 H 2 ofojHaneHM KaK B={xv y,} H B={X2, y2), 
cooTBCTCTBeHHo; Macro HX 6epyr TeMH xe caMHMH 
Ha nepefla^y M np«eM. 9TH flByxMepHbie CHcreMbi 
KOOpÄHHaTbl OXBaTMBaiOT KOMnJieKCHCpHUHpOBaH- 
Hbie raocKocTH, nepneHÄHKyjiapHwe JIHHHHM 

Me>Kjxy no3HUHOHHHMH BejcropaMH F, H F3, a TaK 
ace F2 H F3; OHH Hcnojib3yioTCH ana onncaHMfl 
non3pH3auHOHHbix nnocKOCTen, BVJIKMW Ha- 
npaBJieHHe Bpamerow. Mu He BBQUHM jieeyio HJIH 

npaßyio TpexiwepHbie CHcreMbi KoopflHnaTbi, KaK 
3TO flejiaeTCfl o6biMHO, Kor^a TperbJi ocb z na- 
pajuiejibna HJIH anTHnapajiJiejibHa HanpaBJieHHio 
pacnpocxpaHeHHa ki HJIH ks ■ OieflOBarejibHo, 

The transversal coordinate systems at 
positions 1 and 2 are denoted as B={xv 

yx} and B={xv y2), respectively, and are 
often taken to be the same for trans- 
mission and reception. These two-dimen- 
sional coordinate systems span comp- 
lexified planes perpendicular to the lines 
between position vectors F, and F3 as well 
as F2 and F3 and are used to describe the 
polarization planes including the direction 
of rotation. We do not introduce a left- or 
right-handed three-dimensional coor- 
dinate system as is done conventionally 
where a third z-axis is parallel or anti- 
parallel to the direction of propagation 
k, or k. ■ Hence, 

a cpaBHHBaa njieHM nojiynaeM 

(Ä2(F2),£,(F2)) = (h2(.r2),S(r2 <- F3 <- F.) A,tf)) = 

= (A,(f\),E2(f[)) = (A,(F,),5(r, <- F3 <- F2) h2(F2)) 

and comparing terms we conclude 

HUH 

S(f2 <- F3 <- F,) = Sy (F, <- F3 <-F2) 
or 

3/tecb npaBHH HHjjeKC ^B ^ o6o3HaHaeT 
oßjiacTb onpeflejieHHa (domain), a JieBbifi HH- 

aeKC B -jjHana30H (range) oneparopa S. H3 npe- 
Ubi/xywero corjiaiueHHH Henocpe/jcTBeHHo cjie- 
ayeT, HTO cHCTeiwa Koop^HHaTbi ana o6jiacTH 
onepaTOpa pacceHHHfl S(r2 <-F3 <-F,) conracy- 
eTCH C aHTeHHOH CHCTeMOH KOOp/JHHaT {xr yj H 
MTO cHcreMa KoopÄHHaTbi ee flnana30Ha conracy- 
eTCH c aHTeHHOH CHCTeMOH KoopflHHaT {x2, y2). 
POJIH o6jiacra H ÄHana30Ha RW onepaTopa 06- 
paTHoro pacceHHHH S(r\*-r3<-r2) MCHSHOT- 

C51 MecTaMH. 
B cjiynae CTporo OAHOHO3HOHHOH paflHojio- 

KauHH no3HUHOHHbie BeKTopw F, H F2 coBnafla- 
iOT r]=r2^r0. flaxe B STOM cnynae He o6«3a- 
TejibHO Hcno^b30BaTb coBnajiaiomHe cHCTeMbi 

Here the right index A in B SA denotes 
the domain and the right index B the range 
of the operator S. From the preceding 
convention it follows directly that the 
coordinate system for the domain of the 
scattering operator S(r2 <-r3<r-rl) agrees 
with the antenna coordinate system {x,, y,} 
and that the coordinate system of its range 
agrees with the antenna coordinate system 
{x,, y2}. For the inverse scattering operator 

5(F, <- F3 <- F2) the roles of domain and 
range are interchanged. 

In the strict monostatic radar back- 
scattering case the position vectors F, and 
F2 coincide F, = F2 s F0. It is not necessary 
even in this case to use coinciding coor- 
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KoopßHHara npH o6ujeM nojioxemro ana o6jiac- 
TH H OTana30Ha onepaiopa S. O/iHaKo, ecjin MH 

Bbi6npaeM B=B=B, T.e. coBnajjaromne cncreMbi 
KoopÄHHaT, TO Torjia MH nojiynaeM nacTHbiii 
npHBJieKaTejibHLmccnyvafi, Korjja BSB =B SB mm 
6onee KpaTKO S = ST. 

B 6ojiee o6mefl cHTyauHH, Kor/aa B{*BV 06- 
mee cooTHomeHHe B SB = B SB , npHBejieHHoe 
Bbime cnpaBe/uiHBo, HO ero npHMeHeHHe orpa- 
HHneHo, noKa He 6y/jeT jjoKa3aHO, MTO JJJIH 06- 
jiacra H ^Hana30Ha oneparopa HyxHo Hcnojib- 
30BaTb Te xe caMbie CHCTCMM Koop/jjiHa™ Ha 
o6enx CTopoHax. 

FSA H BSA 

C UeJIbK) OnTMMH3aUHH MOIIIHOCTH B o6meM 
cjiynae T.H. flByxno3HunoHHoro pacceaHHH MH 
aojixHbi paccMOTpeTb nepejjaroiHyio aHTeHHy c 
ee jioKajibHofl CHCTCMOH Koop/JHHaT B{ u npn- 
eMHyio aHTeHHy c ee jioKajihHofi cHdeMOM Br 

OöjiacTb onepaTopa pacceaHHa S 6yaeT ncnojib- 
30BaTb CHCTeMy Koop#HHaT B{, a ee /jHana30H 
CHCTeMy KOOpflHHaT Br 

HanpaBiieHHe pacnpocrpaHeHHH k' 3-JieKT- 
poMarHHTHOH BOJiHbi, na/jaiomeß Ha uejib, co- 
BnajjaeT c HanpaBjieHHeiw pacnpocrpaHeHHa ne- 
pe/xaioiiieH aHTeHHbi, T.e. k' -k'. C apyrqPi 
CTopoHbi, HanpaB^eHHe pacnpocrpaHeHHa ks 

pacceflHHOM BojTHbi npoTHBonojioxHO HanpaB- 
jieHHio pacnpocTpanenHH npneMHOH aHTeHHbi. 
HyxHO noMHHTb, -iTO nojiapmauHH aHTeHHbi 
Bcer/ja onpe/jejiaeTca KaK nojiapH3auHa, KOTO- 
pyio 6bi 0Ha H3jiyqajia, He3aBHCHMo OT Toro, 
Hcnojib3yeTCH JIH aHTeHHa (paKraqecKH jyia ne- 
peaanH HJIH npweMa. 

rio^HpH3auna npneMHOH aHTeHHbi onpe/ie- 
JieHa KaK nojiapHsaura TaKoii ajieKipoMarHHT- 
HOH  BOJIHbl,  KOTOpaa  npHHHMaeTCH  aHTeHHOft 
HaH^yniiiHM o6pa30M, CM. CraHaapTHbie onpe- 
aejieHHH IEEE [3]. Hcnojib3ya Te xe caMbie JIH- 
HeftHbie CHCTeMbi KoopAHHa™ /jjia pacceaHHOH 
BOJIHbl  H  npHeMHOH   aHTeHHbi,   3JIJIHnc  nOJIH- 
pH3auHH, KOTopaa npHHHTa HaHJiyniUHM oöpa- 
30M, HMeeT Ty xe caMyio reoMeipHHecKyio cpop- 
My HJIH reoMeTpHHecKoe MCCTO ToieK KaK H 
sjumnc nojiapH3auHH, H3JiynaeMOH aHTeHHoft 
c npoTHBonojio>KHbiM HanpaBJieHHeM Bpauje- 
HHH, Koraa Ha 06a aiumnca CMOTpaT C O/JHOH 
TOHKH. YHHTbiBasi nporaBonöJioxHbie HanpaBjie- 
HHfl pacnpocTpaHeHHH, o6e BOJIHH HMCIOT TO 

xe caMoe HanpaBjieHHe BpameHHa (handedness). 

dinate systems at the common location for 
the domain and the range of the operator S. 
However, if we choose B=B=B, i.e., 
coinciding coordinate systems, then we 
obtain the particular appealing situation 
that BS„ =B Si or short S = Sr. 

In the more general situation when 
B^B2 the general relation B SB = B S'B 

shown above is valid but of limited use 
since to be able to draw useful conclu- 
sions the same coordinate systems on 
both sides for the domain and the range 
of the operator must be taken. 

FSA and BSA 

For power optimization purposes in 
the general so-called bi-static scattering 
case we have to consider the transmit 
antenna with its local coordinate system 
Bx and the receive antenna with its local 
system Br The domain of the scattering 
operator S will use the coordinate system 
Bx and its range the coordinate system Br 

The direction of propagation k' of 
the electromagnetic wave incident upon 
the target coincides with the direction 
of propagation of the transmit antenna, 
i.e., k'=k'. On the other hand the 
direction of propagation k" of the scat- 
tered wave is opposite to the direction 
of propagation of the receive antenna. It 
should be remembered that the pola- 
rization of an antenna is always defined as 
the polarization that it transmits, irres- 
pectively if the antenna is actually used for 
transmission or reception. 

The receive antenna polarization is 
defined as the polarization of thr>t 
electromagnetic wave that is best received 
by the antenna, see IEEE Standard 
Definitions [3]. Using the same line;, 
coordinate systems for the scattered 
wave and the receiving antenna the 
polarization ellipse that is best received 
has the same geometric form or locus 
as the polarization ellipse emitted by the 
antenna but opposite sense of rotation 
when both ellipses are looked at from a 
common point of view. Taking into 
account the opposite directions of pro- 
pagation both waves have the same sense 
of rotation or the same handedness. If 
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ECJIH nojiapH3auHfl aureHHbi h, Bceraa onpe/je- 
jieHa jjjia mnyvemvi B JiHHeHHOM opTonopMajib- 
HOM nOJ15ipH3aUHOHHOM 6a3Hce, TO nojiapH3a- 
una npneMHOM aHTeuHM HJIH nojiapH3auHH 
najjaiomeH BOJIHM, KOTopa« HaHJivHUiHM o6pa- 
30M npHHjrra aHTeHHoß, 3aflaeTcn KOMnjieKC- 
HO COnpflXeHHOM BeJIH'IHHOH   h'. 

3T3 CHTyauHfl MOJKCT 6biTb onncaHa BecbMa 
06lHHMH TepMHHaMH B COOTBeTCTBHH C nOHH- 
THeM o6pameHH5i BpeMeHH T. 3TOT aHTHJiH- 
HeiiHbifi onepaTop T2 = I aBJiaeTca HHBOJHO- 

TopHbiM, OH npeo6pa3yeT Jiio6yio TpaeKTopnro 
B ee KonHK) c H3MeHeHHWM Ha npoTHBonojiox- 
Hoe nanpaBJieHHeM jjBHxeHHa H npe6pa3yeT B 

KOMiweKCHO conpaxeHHyio jno6yio KoiwnoHeH- 
ry nojia B jiHHeHHOM 6a3Hce (CM. Lüneburg [2]). 
ripHHHHa Hcno^b30BaHHH oGpameHHa BpeMeHH 
COCTOHT B TOM, 

irro nojmpH3auHOHHbie xapaK- 
TepHCTHKM, B HaCTHOCTH B 3a/J,aiiaX OnTHMH3a- 
UHH, JJJIH npHXOJjameH H yxojiameH (na/iaiomeH 
H paCCeHHHOM) 3M BOJIHM MOJKHO CpaBHHBaTb 
TonbKo Tor/ia, Koraa ucnojib3yeTca OUHO H TO 

xe nojiapnaauHOHHoe npocrpaHCTBO. OöpameHHe 
BpeMeHH T npeo6pa3yeT cocroaHHH nojiaproa- 
UHH BQJIH, pacnpocTpaHHJOiumxca B nporaBonojiox- 
Hbix HanpaBJieHHHx, B COCTOJIHHH nojiaproauHH, 
cooTBercTByiomHe BOJiHaM, pacnpocrpaHJnomHM- 
C5I TOJIbKO B OflHOM HanpaBJieHHH. B 3T0M CMbICJie Mbl 
cmmaeM coniaiiieHHe FSA, npHBH3aHHoe K na- 
aaromeH HJIH pacceaHHOH BOJiHe (KOopÄHHamaa 
CHCTeMa, opneHTHpyeMaa c BOJIHOH) H corjiaiue- 
HHe BSA, npHBA3aHHoe K npneMHOH aHTeHHe (CM. 

Yjia6H H EjiaHH [4]). CpaBHeHHe noHaraH FSA H 

BSA o6ManHHBO, TaK KaK o6e KOHu.enu.HH MOX- 

HO npHMeHHTb K o6meH CHTyaUHH flByXn03HUH- 
OHHoro pacceaHH», BKjiioiaa pacceaHHe crporo 
Bnepefl H Ha3afl, HO HyacHo Bcerjia HMeTb B BH/ry, 
HTO pacceaHHe Bnepeji H o6paTHoe pacceHHHe - 
3T0 pa3Hbie (J)H3HMeCKHe HBJieHHH. ECJIH flHana30H 
onepaTopa pacceaHHa H oöJiacTb npneMHOH aH- 
TeHHW coBnaaaiOT, TO B JIHHCHHOM nojiaproa- 
UHOHHOMro 6a3Hce MM HMeeM JJJIH pacceaHHoro 
nojia Es o6mee cooTHOiiieHHe o6pameHHH Bpe- 
MeHH MOKJjy MOJJH<pHUHpOBaHHbIM FSA H BSA co- 
raameHHeM 

the antenna polarization is h, always 
defined for transmission in a linear 
orthonormal polarization basis, the 
polarization of the receive antenna o-,- 
the polarization of the incident wave chat 
is best received by the antenna is given by 
the complex conjugate h". 

This situation can be described in 
quite general terms by the concept of time 
reversal T. This anti-linear operator is 
involutory T2 = /, converts any trajectory 
into its motion-reversed counterpart and 
takes the complex conjugate of any field 
component in a linear basis, see Lüneburg 
[2]. The reason for the application of the 
time reversal is the fact that polarization 
characteristics, in particular optimization 
problems, for incoming and outgoing 
(incident and scattered) electromagnetic 
waves can be compared if only if one and 
the same polarization space is involved. 
Time reversal T transfonns the states of 
polarization for waves propagating in 
opposite directions into states of polariza- 
tion corresponding to waves propagating in 
only one direction. In this sense we distinguish 
between the Forward Scattering Alignment 
(FSA) convention as being fixed to the 
incident or scattered wave (wave oriented 
coordinate system) and the Backscatter 
Alignment (BSA) convention as being 
fixed to the receiving antenna, see Ulaby 
and Elachi [4]. The notation FSA versus 
BSA is misleading since both concepts 
can be applied to the general situation of 
bi-static scattering including strict 
forward and back-scattering but it must 
always be kept in mind that forward 
scattering and backscattering are distinct 
physical phenomena. If the range of the 
scatter operator and the domain of the 
receiving antenna coincide then for a 
linear polarization basis we have for the 
scattered field Es the general time reversal 
relation between the modified FSA and 
BSA convention 

Es 

npn ycjioBHH, MTO Hcnojib3yeTca o/ma H Ta xe 
/iHHeHHaa cnereMa KoopjiHHaT. 

HyxHO oTMeTHTb, HTO 3Ta HOBaa npejjjio- 
aceHHaa MOflHcpHKauna BSA H FSA corjiaiueHHH 

provided that the same linear coordinate 
system is used. 

It must be pointed out that this new 
proposed modification of the BSA and 
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On the Forward Scatter Alignment and the Back Scatter Alignment Conventions... 

OTJiHHaeTCfl OT TpaflHUHOHHoro onpejejieHHH, 
npHBe,aeHHoro, HanpHMep, MOTTOM [1], KOTO- 

pbiH CTOTaeT paanHHHe Meaory BSA H FSA pe- 
3y^bTaTOM Hcno^b30BaHHH JIH6O oflHHX H Tex ace 
JIHHeHHMX CHCTCM KOOpflHHaTbl flJTO flHana30Ha 
onepaTopa pacceaHHa H npHeMHOH aHTeHHH (HO 

6e3 KOMiuieKCHoro conpaaceHHa), JIH6O Hcnojib- 
30BaHHH paanHHHbix KoopnHHaTHbix cHcreM, Bce- 
raa noACTpaHBaroiuHxca noa npaByio cHcreMy 
KOOpflHHaT. ripe/WOXeHHbie MQUHdnfKaiTHH HC- 
nOJIb3yK)T TOJIbKO JIByXMepHbie CHCTeMbI Koop- 
üHHaTH H H36eraiOT npHMeHeHHH TpexMepHbix 
cHCTeM c ero BembiM BonpocoM o BHfle CHcre- 
Mbl KOOpflHHaT — IipaBOH HJIH JieBOH. 

ycraHOBUB cxeMy Hcnouib3yeMbrx KoopflHHaxHbix 
CHcreM H yHHTbreaa BOJiHH, pacnpocTpaHHioiUHe- 
ca B npoTHBonojioacHbix HanpasneHHHX, Hcnonb- 
3yeM Kin (paicmHecKoro BbiHHCJieHHH oirraMajib- 
HOH nepeaaHH MOIUHOCTH KOHuemono KJiaccoB 
3KBHBajieHTH0cra. OßbHCHHM 3To ana o6paTHoro 
pacceaHHa. MarpHua pacceaHHa QurKJiepa, KO- 
Topaa aBJiaerca CHMMerpHHecKOH B corjiauieHHH 
BSA, npeflCTaBJiaeT CO6OH KOMiuieiccHyio 2x2 
MarpHiry o6mero BHfla B JiHHeftHOM {x,y} 6a3Hce 

FSA conventions is different from the 
traditional definition as for instance given 
by Mott [1] that considers the difference 
between BSA and FSA as being a result of 
using either the same linear coordinate 
systems for the range of the scattering 
operator and the receiving antenna (but 
no complex conjugation) or using diffe- 
rent coordinate systems adapting always a 
right-handed wave oriented coordinate 
system. The proposed modifications use 
only 2-dimensional coordinate systems 
and avoid the application of 3D systems 
with its intimately related question of 
right- or left-handedness. 

Having set the scheme for the coor- 
dinate systems used and taking care of 
waves propagating in opposite directions 
the actual calculation of optimal power 
transfer makes use of the concept of 
equivalence classes. We explain this for 
backscattering. The Sinclair scatter matrix 
that is symmetric in the BSA convention 
is a complex 2x2 matrix of the general form 
in the linear {x,y}-basis 

Syx      Syy 

nocKOJibicy Sxy =Syx. 
IlepexoflH K apyroMy nojiapH3aiiHOHHOMy 

6a3Hcy nyreM ymnapHoro KOHnozioOHa (CM. JhoHe- 
6ypr [2]), noirynaeM joiacc SKBHBajieHTHoeni 
C(S) = {UTSU\S = ST; win Bcex ymiTapHbix 
Marpmi UTU = I}. 

Kaxmaa MaTpHiia 3Toro KJiacca sKBHBajieH- 
THOCTH aaraeTCH npeflCTaaneHHeM Toro xe ca- 
Moro onepaTopa pacceaHHa S, TOJibKO B pa3- 
jiHHHbix 6a3Hcax. OflHH HJICH SToro Knacca HMeCT 
ocoöeHHo yfloÖHHH anaroHajibHHH BVWWW cne- 
UHanbHoft MaTpnubi U TaKoß, HTO 

= ST 

due to 5^=^. 
Going over to a different polarization 

basis by unitary consimilarity, see Lüne- 
burg [2], we obtain the equivalence class 
C(S) = {UTSU\S = ST; for all unitary 
matrices UTU = I}. 

Every matrix of this equivalence class 
is a representation of the same scattering 
operator S, only in different bases. There 
is one member of this class that has a 
particularly convenient form: a diagonal 
form for a special matrix t/such that 

UTSU = diag[Xi,k2]. 

flHaroHajibHbie 3-jieMeHTH HBJIHIOTCH KOH- 
C06CTBeHHbIMH MHCJiaMH, a CTOJl6llbI   U — KOH- 
co6cTBeHHHMH BeKTopaMH. 3TO - coflepxaHne 
TeopeMH TaKara (CM. Taicani [5]). /Jjia o6mero 
cjiynaa jiByxno3HUHOHHoro pacceaHHa cxoaHyio 
pojib HrpaeT o6maH TeopeMa pasjioxcemia cHHiy- 
jiapHofi BejiHHHHbi (SVD). Bee 3TH cooöpaxeHHa 
MOJKHO TOHHO TaK xce pacnpocrpaHHTb Ha cjiynaH 
HeKorepeHTHoro pacceaHHa, c Hcnojn>30BaHHeM 

The diagonal elements are the con- 
eigenvalues and the columns of U the 
coneigenvectors. This is Takagi's theo- 
rem, see Takagi [5]. For the general bi- 
static scatter case a similar role is played 
by the general Singular Value Decom- 
position (SVD) theorem. All these con- 
siderations can be extended also to the 
incoherent scatter case using directed 
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O coejiaiueHUMX no opuenmauMu cucmeM noopdmm 

HanpaMeHHbiXBeKTopoBCTOKcaHMaTpHuMioji- Stokes vectors and to the Mueller and 
jiepaHKeHHO. Kennaugh matrices. 

B 3TOH cTaTbe paccMOTpeHbi cymecTByromne This contribution points out existing 
HecooTBeTCTBHH npw Hcnojib30BaHHH TpaflHUH- discrepancies in using the traditional 
OHHHX KoopflHHaTHbix cHCTeM BSA H FSA co- coordinate systems of the BSA and FSA 
raauieHHH H aaHbi npeflnoaceHHa no npeoflOJie- conventions and provides suggestions 
HHK» 3THX TpyflHOCTefi. how to overcome these difficulties. 
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JIOKaUHOHHOe 30HAHpOBaHHe 
CHOKHblX nOKpOBOB 

Location Sounding 
of Snow Covers 

A.M. CyxainoK (MJI.), E.JI. IHOIIIIIH A.M. Sukhanjuk Jr., E.L. Shoshin 

CypryrcKHH rocyaapcTBeHHMft yHHBepcHTeT 
E-mail: suhanuk_alexei@hotbox.ru, 

shoshin6@mail.ni 

Bpaöome npedcmae/ieu KOMWieKCHbiü nodxod K UC- 
aiedoeamiio cnexcHbix noKpoeoe. PaccMampueaem- 
cn eo3M0XCH0cmb oöhedmemvi e odm ycmpoücmeo 
onmmecKozo u paduoeomoeozo aKmuemtx noKauu- 
OHHbtx ycmpoiicme c ufijibm onpedenenm mojiuuinu 
CHeoKHoeo nonpoea. C noMoufbm eeKmopmii o6pa- 
6omm 30HdupyK>mux cumanoe npednazaemcn onpe- 
demmb MUKpo<pU3mecKue napoMempbi cmza u mun 
nodcmwamuipü noeepxHocmu. 

HccneflOBaHHe CHOKHHX noKpoBOB no3BOJwer 
pemaTb pasnHHHbie npHioiaflHbie 3aaa™, TaKHe 
Kax: nporao3HpoBaHHe ypcacaHHocra cejibcico- 
xo3HHCTBeHHHx Kyjibryp, onpeßejieHHe creneHH 
OnaCHOCTH BeceHHHX HaBOflHeHHH H naBOflKOB, 
oueHKa onacHocra cxo,aa jiaBHH B ropHbix Mecr- 
Hocrax, ycTaHOBJieHHe MeTeopojionwecKHX 3a- 
KOHOB (hopMHpoBaHHH loiHMaTa Ha onpcaejieH- 
HOH TeppHTOpHH. JlflH peiUeHHH 3T0H 3aflaMH 
MOXHO npHMeHHTb COBOKVnHOCTb aKTHBHbDC JIO- 
KaUHOHHblX yCrpOÖCTB OlTTHHeCKOrO H paflHOBOJI- 
HOBoro aHana30HOB. QOHHM H3 OCHOBHHX napa- 
MeTpoB, KOTopbie Heo6xoaHMO onpefle^HTb, 
HRJiaeTCH ToniimHa cHexHoro noKpoBa. 

OnpeaejiHTb flaHHbrä napaineTp MOXHO nyreM 
o6beÄHHeHHH jia3epHoro H paflHojioKaujioHHoro 
aajibHOMepoB [1,2]. H3Becmo [3], HTO cHer xa- 
paKrepH3yeTca xopomeft npoHHuaeMocrbio äJIH 

paflHOBojiH flHana30Ha CBH. ITpaKTHHecKH noa- 
TBepxaeHo, MTO caMojiexHbie paflHOBbicaroMepbi 
npn pa6oTe B 3HMHHX VCJIOBHHX 3KcroiyaxauHH 
H3Mep3K)T flajIbHOCTb flO 3CMH0H nOBepXHOCTH, a 
He flo cHexHoro noxpoBa. B TO yue Bpetm jia3epHoe 
H3JiyneHHe xopoino OTpaxaerca OT noBepxHocra 
CHera. Pa3jrmnie B npoHHKaiomeH cnoco6HocTH 
ajieiopoMarHHTHbix KOJieöaHHH onTmecKoro H pa- 
iWojTOKauHOHHoro OTana30Ha OTHH BOJIH aryxarr 
cbH3HqecKoß OCHOBOH una OTcraHUHOHHoro H3- 
Meperaw TOJIIIWHH CHexHoro noKpoBa. 

TOHHOCTb OUeHKK TOrailHHbl cHexHoro noKpo- 
Ba npHMO cBH3aHa c norpeuiHocrbio n3MepeHHH 

Surgut State University 
E-mail: suhanuk_alexei@hotbox.ru, 

shoshin6@mail.ru 

In the paper, a complex approach to ana- 
lysis of snow covers is presented. The oppor- 
tunity to unite optical device and active 
RFradar in one system, in ordre determine 
snow cover thickness, is considered. It is 
suggested to evaluate microphysical para- 
meters of snow and type of underlaying 
surface with the use of vector processing 
of sounding signals. 

Investigations of snow covers allow 
to solve such problems as forecasting of 
agricultural crops capacity, danger evalu- 
ation of spring flood and high waters of 
the plains and avalanching in mountains, 
determination of meteorological regula- 
rities of climate formation within specific 
territories. To solve this problem, it is 
possible to apply a set of active remote 
sensing devices of optical and RF freq- 
uency bands. The main parameter to be 
estimated is thickness of snow cover. 

The estimation of this parameter is 
possible as a result of combining laser and 
radar range-finders [1,2]. It is known [3], 
that snow is characterized by good pene- 
trability in microwave band. It was con- 
firmed in practice that in winter condi- 
tions airborne radio-altimeters measure the 
range to ground surface instead of snow 
cover. At the same time, laser radiation 
is well reflected from snow surface. The 
difference in penetration ability of sig- 
nals in optical and radar frequency 
bands constitutes the physical back- 
ground for remote measuring the snow 
cover thickness. 

The estimation accuracy of snow 
cover thickness directly depends on 
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JIoKcmuoHHoe 30HdupoeaHue cneoKHbix nonpoeoe 

pa3H0cra BpeMeH pacnpocrpaHemiH onra-recKo- 
ro H pajiHOJioKauHOHHoro HajryneHra. flna aocra- 
xeHH» Majibix norpeiiiHocTeH n3MepeHHM paccTo- 
HHPM D llIHpOKO HCn0^b3yeTCfl (J)a30BHH MeTOfl. 
OcHOBHoe ypaBHeHHe cpa30B0M ^ajibHOMeTpHH 
HMeeTBHfl [1] 

measurement errors of propagation time 
difference of optical and radar radiation. 
The phase method is widely used for 
obtaining of small errors of range D 
measurements. The basic equation of 
phase range finding reads as [1] 

£> = ■ 
2R M 

N+^ 1 
2% 

(1) 

me <p - n3MepaeMaa pa3H0CTb (pa3 Meacay npH- 
HHMaeMbiM KO/ie6aHneM MacmTa6HOH Macro™ 
H onopHHM MOflyjinpyioniHM KOJieGaHneivi; N - 
uejioe no^oacHTejibHoe MHCJIO; C - cKopocTb cBeTa; 
F., - MacTOTa MOäVJIHUHH (MacuiTa6Hafl MacroTa). 
ECJIH (ba30MeTp H3MepaeT cp co cpeÄHeKBanpara- 
necKon OUIH6KOH 8cp, TO /iajibHOCTb onpe/iejiH- 
eTCfi co cpeÄHeKBaapaTHHecKon OIIIHGKOH 

5D = 
8(p c 

A-nFu 

Bbi6paB flocTaTOHHO 6ojibiuoe 3HaiieHne 
MacuiTaGHOH Macro™ FM MOXHO o6ecneMHTb 
HeOÖXOflHMyiO TOMHOCTb H3MepeHHH flaJIbHOCTH, 
OÄHOBpeMeHHO C 3THM flHana30H OJIH03HaMHO H3Me- 
pfleMbrx paccTOHHHH yMeHbuuaeTCfl. Onpeflejiemie 
TOJUUHHU CHexHoro noKpoBa Ds (pwc.l) OCHO- 

BHBaeTCH Ha oAHOBpeMeHHOM oojryHeHHH ero pa- 
ilHo^oKauHOHHbiM H onranecKHM cnrnajiaMH C 
HecyuiHMH qacTOTaMH /j M fv MOÄynnporjaHHbiMH 
no aMruiHryae. 

where cp is measured phase difference 
between received oscillation of scaling 
frequency and reference oscillation; N is 
a positive integer; c is the light speed; FM 

is modulation frequency (scaling fre- 
quency). If a phasemeter measures cp with 
root-mean-square error Scp, then the 
range is estimated with error of 

(2) 

Having chosen a rather large value of 
the scale frequency FM, it is possible to 
provide the required range measurement 
accuracy. However, in this case the unam- 
biguous measuring range decreases. The 
estimation of snow cover thickness (Fig. 1) 
is based on simultaneous irradiation of 
the cover by radio and optical signals with 
amplitude modulated carrier frequences 
/j and fY 

PHC.       CXCMQ H3MepeHHfi (1 - now; 2 - CHexHbrä noKpoB; 3 - QTMOC- 

(})epa) 
Fig.        Measurement diagram: soil (1), snow cover (2), air (3) 

Pa3HocTb rba3 AcpM orn6aiornnx curaajioB The phase difference Aq>w of the 
waveform envelopes in the radar (cp,) 
and optical (cp2) channel receivers deter- 
mines the snow cover thickness Ds as 

npneMHbix TpaKTOB pajuiojioKamioHHoro (cp,) n 
onranecKoro (cp2) KaHanoB onpeflejiHex TOJILIIH- 

Hy CHexHoro noxpoBa Ds 

(cp,-cp2)c 
Ds=- 

4%F,t 

A 9A, c 

' 4TIF, 

(3) 
M 
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Location Sounding of Snow Covers 

CoBpeMeHHbie ujKbpoBbie cba30Merpbi [ 1 ] o6ec- 
neiHBaioT Tomocrb H3MepenHH <ba3bi 8cp '«0,5°. 
rip« 3TOM, Ha nacTore MOflyjrauHH FM=\0 Mln 
cpeflHeKBaapaTHqecKaa oiiiHÖKa H3MepeHHH TOJI- 

umHbi CHOKHoro noKpoßa cocraKiHer 8.0^0,021 M, 

a MHiepBan o/rH03HaMHO H3MepaeMOH TomifliHbi CHera 
paBeH0^-15M. 

TaKHM o6pa30M, coBMemeHHe paflHOBOjiHO- 
Boro H Jia3epHoro jioKauHOHHbix ycrpoficTB no- 
3BCWIfleT npOH3BQZIHTb H3MepeHHe TOJIUIHHbl CHOK- 

Horo noKpoßa. 3HM cpeflHioio nnoTHOCTb CHera 
(p=0,l ana CBexeBbinaBiuero H p=0,5 AJW cjie- 
xaBiuerocH CHera, [4]), MOJKHO onpcuejurrb oöbeM 
BbinaBiuero CHera Ha onpeaejieHHOH TeppirropHH. 
IlpoM3BOflfl nepHoanraecKHe HaGjuofleHHa MOXHO 

BblBeCTH HeKOTOpbie KJlHMaTOJIOrHHeCKHe 3aBHCH- 
MOCTH HUH OnpeflejIHTb OnaCHOCTb HaBOflHeHHH B 
BeceHHHH nepwofl BpeMeHH. HaHoonee onraManb- 
HHM MecroM pacnojioxeHHH npeanaraeMOH CHC- 

TeMbi H3MepeHHH TOJiiiWHbi CHexHoro noKpoßa, 
Win pemeHHH Bonpoca Mo6njibHOCTH, flBjiserca 
BeprojieT. 

rioBepxHocTb CHöKHoro noKpoßa MOXCT Ha- 
XOflHTCa KaK B CBOeM OCHOBHOM C0CT03HHH, TaK 
H B HeKOTOpbix nepexoflHbix: Hacr, Jiefl, BOfla. C 
noMoiubio BeicropHoro aHajiH3a oTpaxeHHoro 
oimwecKoro cHinana, MCDKHO onpeflejiwrb K raKo- 
My H3 yKa3aHHbix THUOB OTHOCHTCH HccnenyeMaa 
noBepxHOCTb. .ZJooaBHB B onraHecKHii npHeMHbifl 
Tpaicr npH3My BojuiacroHa, MO>KHO onpeaejwTb 
creneHb aenojrapH3auHH orpaaceHHoro cHraajia 

The modern digital phasemeters [1] 
provide the phase measurement accuracy 
8cp '«0,5°, whereas the rms error of the 
thickness estimate makes 87)^0,021 m 
with the modulating frequency FM=10 MHz, 
and the unambiguos snow cover thickness 
lies in the range 0*15 m. 

Thus, the combining RF and laser 
remote sensing devices allows to measure 
thickness of snow covers. Knowing ave- 
rage snow density (p=0,1 for just falling 
snow, and p=0.5 for packed snow [4]), we 
can estimate the whole snow fall volume 
within a specific area. Having made a 
series of recurrent observations, it is 
possible to deduce some climatological 
regularities or evaluate danger of spring 
floods. The optimal location of the system 
intended for measuring snow cover 
thickness is a helicopter as the most 
mobile vehicle. 

The snow cover surface can be as in 
its intrinsic state, and in the transient 
states (thin crust, ice, and water). The 
vector analysis of reflected optical signal 
allows to determine a type of the snow 
cover surface. Adding the Wollaston prism 
into optical receiving channel gives a 
possibility to estimate the depolarization 
degree of the reflected signal 

N: :W (4) 

rae I±, Vj - Kpocc H napanjiejibHo nojwprooBaH- 
Hbie KOMnoHeHTbi. ConiacHO [5] OTornapaMerpflnH 
HeKOTOpbix ranoB noflcnuiarouieH noBepxHocra 
BapbHpyercH B cne^yioiirHxnpeflejiax: 0,9*0,7 (cHer), 
0,22-4-0,6 (Jiea), 0,06*0,04 (jiefl, noKpbiTbift BOflH- 
Hoft ruieHKOH). TaKHM o6pa30M, MO>KHO npoH3- 
BOflHTb CejieKHHK) THnOB nOBepXHOCTH CHOKHOrO 
noKpoßa no nojiapH3airHOHHOMy npH3HaKy. 

B paooTe paccMOTpeHo KOMiuieKCHoe ycrpoH- 
CTBO, oöbeflHHHiomee B CBOCM cccraBe Jia3epHyro 
H paflHOBOJTHOByiO aKTHBHbie JIOKaUHOHHbie CHC- 
TeMbi. C noMourbK) Hero MOXHO npoH3BOflHTb H3Me- 
peHHe TomirHHbi CHOKHOI-O noKpoßa. «XtamecKOM 
ocHOBofl 3Toro flBJiaeTCfl pasnHHHe B npoHHKaiomeM 
cnocoSHOCTH 3M KOJieoaHHH orrmHecKoro H PJI 
flHana30HOB BOJIH. KpoMe Toro, npeano)KeHHoe 
ycTpoflcTBO no3BojiaeT c noMoinwo BeKTopHoro 
aHajiH3a onraMecKoro CHraana npoH3BO,aHTb ce- 
jieKUHio rana noBepxHocra CHOKHOTO noKpo- 
Ba, Ha CHer, jiexi, nep,, noKpbrruM BOAOH. 

where IL, 1^ are cross- and co-polarized 
components. According to [5] this 
parameter varies in the ranges 0,9*0,7 
(snow), 0,22*0,6 (ice), 0,06*0,04 (ice 
with water coating) for some types of 
the surface. Thus, it is possible to 
distinguish the snow cover surface types 
by this polarization signature. 

In the paper, we presented a system, 
which combines the active laser and RF 
remote sensing devices. It allows to 
measure the snow cover thickness. The 
physical background of the system is the 
difference in penetration ability of sig- 
nals in optical and radar frequency 
bands. Besides, the suggested system 
allows to select the snow covers into snow, 
ice, ice coated by water, with using the 
optical signals' vector analysis. 
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3KcnepHMeHTaiibHoe HccjieqoBamie 
MaTpHu oßpaTHoro paccesamn 
paaHOJIOKaUHOHHblX OÖieKTOB 
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flpedcmaeneHbi pesyjibmambi 3KcnepuMeHmanbHbix 
ucc/iedoeamiii nonapmanuoHHbix juampuu. pacce- 
fiHusi MopcKoü noeepxHocmu, doMcdeebix ocadKoe 
u Hadeodhbtx cydoe e duano30He dnim eonu 3 CM. 

HamypHbie U3JuepeHun ebinonneHu m Kozepenm- 
Ho-UMtiyAbCHoii PJIC c nepemiwHaeMou om UM- 

nynbca K UMixynbcy noimpiaaufieü 30Hdupymu\ezo 
UMywHUH u npueMOM opmozoHonbHO nonnpmo- 
eciHHbix KOMtioHeum ompaoKeHHbtx cuznanoe. Ana- 
AU3 3KcnepuMeHmajibHux dauHbix noKü3an, nmo 
Küdicdbiü U3 uccnedoeaHHbix oöbeicmoe xapaicme- 
pu3yemai ceoiun, npucyufiiM mo/ibKO my möopoM 
3mwHuü K03<p4)unueHmoe e3aiiMH0Ü Koppeiumuu 
3Ammmoe Mampuify paccesmua. 

Experimental Investigations 
of Backscattering Matrices 

of Radar Objects 

V.A. Butko, V.A. Khlusov 

RIRS, Tomsk University of Control 
Systems and Radioelectronics 

Lenin Ave. 40, 634050, Tomsk, Russia 
E-mail: butko@orts.tomsk.ru, rirsjpol@ngs.ru 

Results of experimental investigations of 
the polarization scattering matrices of sea 
surface, rain and surface vessels in X-band 
are presented. The in-situ measurements have 
been performed with the use of coherent 
pulse radar with pulse-to-pulse polarization 
switching of transmitted signals and recep- 
tion of orthogonally polarized components 
of the reflected signals. The experimental 
data analysis has shown that every object 
under investigation can be characterized 
by its own inherent set of cross-correlation 
coefficient values of the backscattering 
matrix's elements 

BBeaemie 

nOTCHirHajlbHMe B03M0>KH0CTH nOBMIIieHHfl 
HHCpOpMaTHBHOCTH paflHOJIOKaUTHOHHblX  CHCTeM 
(PJIC) xwcraHUHOHHoro 30HOTpoBaHHfl 3a cqeT 
Hcnojn>30BaHHfl BeicropHbix CBOHCTB 3JieicrpoMar- 
HHTHbix (3M) BOJIH B cymecxBeHHOH cxeneHH on- 
peflejunorcfl paarorauiMH B nojrapH3au.HOHm.ix xa- 
paKTepucTHKax o&beieroB. HMCHHO S-TH psanwnui 
HBJIHIOTCa OCHOBOM jxnx dpopMHpoBaHHH nojiapH- 
3aitHOHHbIX npH3HaKOB 06T>eKT0B H CHHTe3a aji- 
rOpHTMOB 06pa60TKH CHIHaJlOB B nojiapHMeTpH- 
MeCKHX  PJIC.   B  3T0H  CBH3H HBJWeTCH BaaCHbIM 
nojiyneHHe H aHajiH3 sKcnepHMeHTajrbHbrx flaH- 
Hbix o nojiapH3auHOHHbix xapaicrepHCTHKax pe- 
ajlbHHX paflHOJIOKaUHOHHblX oGbeKTOB. 

B ceHTH6pe 2001 r. HaMH npoBeaeH unicn H3- 
MepeHHft MaTpHu o6paTHoro pacceaHHH (MP) 
MOpCKOH nOBepXHOCTH, rHflpoMeTeopoB H Haa- 
BOflHWX cyaoB. H3MepeHHH BbmonHeHbi c HCnOJIb- 
30BaHHeM KorepeHTHO-HMnynbCHOH nojiapHMerpH- 
necKOH PJIC, ycraHOBneHHOH Ha 6epery Mopn, Ha 
Bbicare 40 M. B nepBOH nacra flOKnana npHBefleHO Kpar- 
Koe onHcaHHe H3MepHTejibHoro KOMnneicca. Bo BTO- 

poH Hacra H3JioxeHa MeroOTKa o6pa6oncH flaHHbrx. 

Introduction 

The potentialities of increasing the 
information content of remote sounding 
radars by the use of vector properties of 
electromagnetic (EM) waves are essenti- 
ally deremined by differences in polariza- 
tion characteristics of radar objects. It is 
the differences that are the basis for 
formation of the polarization signatures 
and synthesis of the signal processing 
algorithms in polarimetric radars. That is 
why, acquisition and analysis of experi- 
mental data on polarization characteristics 
of real radar objects are so important. 

In September 2001 we have carried 
out the measuring campaign of backscat- 
tering matrices (BSM) of sea surface, 
hydrometeors and surface vessels. The 
measurements were done with the use of 
coherent pulse polarimetric radar, 
installed on sea coast, at 40 m height. The 
first part of the presentation includes brief 
description of the measuring installation. 
In the second part, the used technique 
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Peayjibrara o6pa6oTKH - aoruiepoBCKHe cneicrpw 
M K03(p<pHUHeHTM B3aHMH0M KOppeJWUHM 3JieMeH- 
TOB MaTpHU paCCeHHMH, paCCMaTpHBaTOTCfl H   06- 
cyxaaiOTCfl B TpeTbeM nacra. 

1.   H3MepHTeJlbIIbIH  KOMnJieKC 

H3MepHTejibHHM KOMn^eKc nocTpoeH Ha 
6a3e KorepeHTHO-HMnyjibCHOM PJ1C c nepeicnio- 
qaeMOM OT HMnyjibca K wwnyjibcy nojrapH3aiiHeH 
H3JiyiieHHH (ropH30HTa^bHaH/BepTHKajibHaa) H 

oflHOBpeMeHHbiM npneMOM KO- H Kpocc-nojwpn- 
30BaHHbix KOMnoHeHT OTpaxeHHbix curaanoB. Rrvi 
iGDKfloro pa3pemaeMoro PJIC o6-beMa npocrpaH- 
CTBa H3MepHTe^bHbiM KOMnnexc o6ecnewnBaeT 
nojiyneHHe ouenoK Bcex neTbipex KOMruieKCHbix 
3JieMeHTOB   MaTpHUbl   paCCeHHHfl   B JlHHeHHOM 
no^apH3auHOHHOM 6a3wce 

3a HHTepBan BpeMeHH 1,95 MC, paBHbifi .EDJVM nepwo- 
OßM noBTopeHHa 30r«mpyiomnx HMnyjibcoB. OueHKH 
sjieMeHTOB MaTpHUbl pacceaHHJi (popMHpyiorcH no 
KBaflpaTypHMM cocTaBJwroniKM BUXOAHMX cnraa- 
JIOB npneMHbix KaHanoB c npe/BapHrejibHon Kop- 
peKiflieii HeHaenTHliHociM H HeoproroHanbHocra Ka- 
nanoB KBaflpaTypHbix aeMonyraTopoB, onpe,nejieH- 
Hbix no TCCTOBOMy cnmany. OcHOBHbie TexrowecKne 
xapaKTepncTHKH M3MepMTejibHoro KOMiuieKca npn- 
BeaeHbi B Ta6jinue 1. 

of data processing is described. The 
processing results (Doppler spectra and 
cross-correlation coefficients of the BSMs 
elements) are discussed in the third part. 

1. Measuring installation 

The measuring installation design is 
based on a coherent pulse radar with 
pulse-to-pulse switching of radiated 
signal's polarization (horizontal/vertical) 
and simultaneous reception of the co- 
and cross-polarized reflected components. 
For every radar resolution cell, the instal- 
lation could estimate all four complex 
elements of the bacscattering matrix in 
the linear {HV} polarization basis 

(1) 

for 1,95 ms equal to 2 pulse repetition 
periods. The estimates of BSM elements 
are found by signal quadratures at the 
receiver channels outputs. Before the 
esimation, the quadrature demodulators 
were adjusted by test signal, in order to 
ensure the identity and orthogonality of 
the channels. The basic performance of the 
measuring installation is shown in Table 1. 

TaSjsma L XapaKTcpHcmKH na«epnrenbHoro KOMnjitxca 

Table 1. Characteristics of measuring installation 

Hecymaa lacTOTa (Carrier frequency) 9370 MHz 
THTI aHTCHHM (Antenna) DapaSojEMCCKjiii oTpaxaxejib 

(Parabolic reflector) 

06jiyqaTejHi (Antenna feed) nByxnonapH3auHOHBi.fi 
Dual-polarization 

KoDiJMJMmcHr ycHJKHHH aHTCHHU 
(Antenna amplification) 

36 dB 

IIlHpHHa nyia no ypoBHM -3 dB (Beamwidth.) 2,8° 
YpOBCHb nepBfcix 60KOBLK JKTKCTKOB (Sidelobe level) -23 dB 
HwiyjacHaa Mou»»cTb nepeflaiMHKa 

(Transmitter pulse power) 

7 kW 

nojiapdaatpra polarization) r-B, notamyrabCHoe nepeKUKweHHe 
(S-V, pulse4o-pulse) 

nonHpH3ai#ioHHM pasxaca (Polarization isolation) £20 dB 

rf,jDircjiHiocn> HHnyjrbca (Pulse duration) 0.85 us 
Paapcmcroie no aanmocTH (Range resolution) 127,5 m 
TIacTOTanoBTopei»fflHHnyni.coB (PEF) 1024 Hz 
OAHoaia<HO HaMcpacMaa CKopocn 
Unambiguous velocity 

4 m/s 

Ko3itH]Hm»eHrmyMa cHCTCMbi (Noise factor) 5 dB 
t&reno paspxaoB AUn (ADC capacity) 12 
IIHCJ» OTCICTOB MPHS oflHoro <rrpo6a mumocra 
(Number of SMs samples per a range cell) 

1024 

tfacjw CTP060B «ajiLHOCTH (Number of range cells) 200 
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2. 06pa6oTKa aamiMX 

3a nepnoa H3MepemiH Ha xecnoiH OTCK 3BM 
3aimcaHO 362 (paiina,naHHbix. 3aroicH (paibioB npo- 
BeflCHH npH HenoflBHXcHOH npHeMHO-nepcaaro- 
men aHTeHHe, opHeHTHpoBaHHOM Ha HyjieBofl 
yroji MecTa. Ka>KHbiH H3 (paröioB coaepxHT noc- 
jieÄOBaTejibHOCTH H3 JV=1024 OTcneTOB MaTpHUH 
pacceaHHH Sy(n) (i,j=h,v, n=l,..,N) ,HJIH lcaac- 
aoro H3 arceMeHTOB pa3peineHHH PJIC. JJjimejib- 
HocTb KaxHOH H3 peajiH3airHH MarpHij pacceaHHa 
2 c. AHajiH3 nojiyqeHHbix peajBoamiH noKa3an, HTO 

sm H3MepeHHbK MaipHU pacceaHHH BbmoJiHaerca 
cooTHOuieHHe Svh(n) = Shv(n) c norpeuiHocTbio, 
o6ycnoBJieHHOH uiyMaMH npneMHbix KaHajioB. 

B npouecce craTHcnmecKOH o6pa6oTKH pe- 
anH3aiiHH MarpHHH pacceaHHH oueHHBajiHCb: 
1. HeKorepeHTHbie napaMeTpbi MarpHUbi pacce- 

HHHH - cpeflHee 3HaqeHHe OTHOiueHHH 3I1P 
oöbeicra Ha ropH30HTanbHOH H BepraicaiibHOH 
nojiaproauHH a H cpe^HHe 3HaneHHa K03(b- 
(pHUHeHTOB aenojiapH3auHH Dh, Dv ana ro- 
pH30HTa^bHOH H BepTHKajibHofi nojiapraa- 
IIHH COOTBeTCTBeHHO. 3fleCb 

2. Data processing 

During the whole measuring campaign 
362 files have been recorded. The data were 
acquired for stable transmitting-receiving 
antenna at zero elevation. All files contain 
sequences of #=1024 samples of BSM 
Sy(ri) (i,j=h,v; n=l,..,M) for each 
radar resolution cell. Time duration of a 
sequence is 2 sec. The samples analysis 
has shown that relation Svh(n) = Shv(ri) 
is valid for the measured BSMs to error 
caused by noise of the receiving channels. 

The statistical processing of samples 
includes 
1. estimation of such non-coherent para- 

meters of BSM as average ratio a of 
the radar reflectivity at horizontal 
and vertical polarizations, mean 
values of the depolarization factors 
Dh, Dv for horizontal and vertical 
polarization, corrspondingly. Here 

a = <W°w,   Dh=ovJohh,   Dv=<sjar 

rae 

°*4äwi 
where 
2 

— oueHKa cpeaHero 3HaqeHHa KBajpara MO- 
ayjia ajieMeHTa MaTpHirw pacceaHHa; 
aomiepoBCKHe cneicrpbi aneMeHTOB MaTpH- 
Ubi pacceaHHa. OueHioi cnejcrpoB paccwra- 
BajiHCb MeToaoM nepHOflorpaMM Yajina npn 
cneicrpajibHOM pa3pemeHHH 2,7 Tu; 
K03(p4)Hu;HeHTbi B3aHMHoft KoppejiauHH 3Jie- 
MeHTOB MaTpHUH pacceaHHa ana pa3JiHMHbix 
HHTepBajiOB Ha6jiK>aeHna, onpeaejiaeMbie B 
cooTBeTCTBHH c BbipaaceHHeM 

3. 

is estimate of the average square of 
BSM's element modulus; 
estimation of BSM elements' Dop- 
pler spectra. The estimates were 
found by Welch periodogram method 
with 2,7 Hz spectral resolution; 
estimation of cross-correlation coeffi- 
cients of BSM elements for various 
observation periods in accordance 
with expression 

PiJU = (M >/<¥>« )    Z SU (")^H (")> (2) 

rae M<N — HHcno orcHeTOB Ha HHrepBane 
Ha6jnofleHHH T=2M/Fr, f=1024 Tu - nac- 
TOTa nOBTOpeHHH 30HflHpVK>mHX HMIiyjIbCOB. 

3. Pe3yjibTaTM o6pa6oTKH aamibix 

Ha pHc 1 npHBeaeHbi npHMepw .aoruiepoBC- 
KHX cneiopoB ajieMeHTOB MaTpnu, pacceHHHH 
MOpCKOH nOBepXHOCTH npH BOJIHeHHH 2-3 6aa- 
na, 30HH aowifl H HajiBOÄHoro cyzma. <J>opMH 
cneicrpoB Kpocc-nojiapH30BaHHbix KOMnoHeHT 

where M<N is a number of samples 
for observation interval T=2M/Fr, 
F=1024 Hz is PRF of sounding pulses. 

3. Results of data processing 

Figure 1 shows examples of the Dop- 
pler spectra of BSM elements for sea 
surface (Beaufort number is 2-3), rain 
area, and surface vessel. The spectra 
forms of the cross-polarized reflections 
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OTpaxeHHM an* Bcex oöteicroB npaKraqecKH    practically coincide for all objects, that 
coBnaaaiOT, ITO HBJiaeTCfl cjieacTBHeM CHMMCT-    follows from symmetry of the backseat- 
pun MaTpHUM oöpaTHoro pacceaHHH. tenng matrix. 
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Una MopcKOH noBepxHocra (pnc. la) Kpi-iBbie 
cneicrpanbHOH IUIOTHOCTH KO- H Kpocc-nojiapn- 
30BaHHbix KOMnoHeHT OTpaxeHHoro cnrHajia 
6JIH3KH K rayccoBCKHM c iiiHpHHotf 80+100 Tu no 
ypoBHio -3 flB. BerowHHa CMemeHHa cneicipoB 3a- 
BHCHT OT HanpaB^eHHH 30HflHpOBaHHH OTHOCH- 
TejibHo HanpaBJieHH» BeTpa H aocraraeT MaKCH- 
MajibHbix 3HaneHHH npn opneHTamra Jiyna pa- 
unojioKaTopa no BeTpy HUH npoTHB BeTpa (±100 
Tu B npoBefleHHbix H3MepeHHax). MaKCHMajibHaa 
HHCTaHUHH, C KOTOpOH HaÖJHOflaJlHCb OTpaxeHHH 
OT noBepxHOCTH Mopn, He npeBbimajia 12 KM. OT- 

paxeHHH OT 30HH BbinajeHna JXOIKW (pnc. lb, m- 
CTaHUHH Ä=20,5 KM) HMeiOT BblCOKHH ypoBeHb 
Ko-nonHpH30BaHHbix H HH3KHH (Ha ypoBHe no- 
flflpn3annoHHon pa3BH3Kn) ypoBeHb Kpocc-no- 
^apH30BaHHbix KOMnoHeHT. UlnpHHa cneicrpoB 
KO-nOJiapH30BaHHbIX KOMnoHeHT JieXHT B  HH- 
TepBajie 40+65 Tu, HTO cooTBeTCTByeT cpeflHe- 
KBaapaTHliecKOMy pa36pocy CKopocTen paccen- 
Barejien B o6T>eMe pa3pemeHHa 0,61 M/C. ,ljjia Hafl- 
BOflHoro cyÄHa (pnc. lc, Ä=22,8 KM) xapaicrepHbi 
y3KHe cneicrpbi aneMeHTOB MaTpnubi pacceaHHa. 
OcHOBHaa flojia 3Hepran oTpaxeHHoro cHraara 
cocpeflOTOMeHa B O^HOH aneHKe pa3pemeHna no 
aonjiepoBCKOH nacTOTe. 

Ha pnc. 2 npeflcTaaneHbi racTorpaMMbi one- 
HOK MOflyjiefl KOMnjieKCHblX K03(p(pHUHeHT0B 
B3aHMHOft KOppejiaUHH pAMv , phhhv , Pmhv COOTBeT- 
cTByromnx a^eMeHTOB MaTpHnbi pacceaHHa Ha 
KopoTKHX HHTepBajiax HaöjiroaeHHa (T=40 MC). 

100«. 
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60% 
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■ Pw» 

ill -rBB- it ri m Wu ___ 
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a) 
100%. 

For sea surface (Fig. la), the spectral 
density curves of co- and cross-polarized 
components of the reflected signal are close 
to Gaussian law with 80+100 Hz spectrum 
width at -3 dB level. The spectra shift 
depends on sounding direction relatively 
wind direction and takes maximum values 
(±100 Hz in the given measurements) 
when radar beam is aligned downwind 
oragainst the wind. The maximum range, 
from which the sea surface reflections were 
observed, did not -exceed 12 km. The 
reflections from rain area (Fig. lb, distance 
R=20,5 km) have a high level of co- 
polarized and low level (at the polarization 
isolation level) of cross-polarized compo- 
nents. The spectrum width of co-polarized 
components varies from 40 to 65 Hz, that 
corresponds to nns velocity dispersion 
of scatterers 0,61 mps in the resolution 
cell. For surface vessel (Fig. lc, distance 
R=22,B km), narrow spectra of the BSM 
elements is typical. The main part of the 
reflected signal power is localized in one 
resolution Doppler cell. 

Figure 2 shows sampling histograms 
of modulus estimates of the cross corre- 
lation coefficients pMvv, p,,^, p,^ of the 
corresponding BSM elements within 
short observation intervals (T=40 ms). 
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PHC. 2. iHCTorpaMMH K03cb4>nnneHTOB KoppejraiiHH SjieMeHTOB MarpniiH paccea- 
HHa: a) Mopcica« noBepxHocTb; b) 3cwa BbinaaeHHa wxfsn; c) pbröauKoe 
cyaHo 

Fig. 2. Histograms of correlation coefficients of the scattering matrix elements: a) sea 
surface, b) rain area, c) surface vessel 
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dKcnepuMenmajibHoe ucaiedoeanueMcimpuu, oöpamnoeopaccesmun ... 

Una MopcKOH noBepxHOCTH (puc. 2a) xapa*c- 
TepHM HH3KHe 3HaqeHHH BCeX TpeX K03(p(pHUHeH- 
TOB KoppejiflUHH. ^HaroHaabHHe sjieMeHTbi MaT- 
pHilbl paCCeHHHH 30HH ÄOXflH npaKTHHeCKH 
nOJIHOCTbK) KOppeJIHpOBaHHbl npH HH3K0M KOp- 
pejwu.Hn MejKay sjieMeHTaMH CTOJI6HOB MaTpHUbi 
paccejiHHH (PHC. 2b). Jiflsi HanBOÄHoro cyzma (pHc. 
2c) Ha&mo/jaiOTca Bbicorae 3HaneHHfl Bcex Tpex 
KOScpcpHUHeHTOB KoppejiauHH. YBejiMHeHHe Bpe- 
MeHH Ha6;iK),aeHHH flo 2 ceK HesHaTOTejibHo cxa- 
3bmaeTCH Ha 3HaiieHH5ix KosrhtpHUHeHTOB Koppe- 
/iHUHMflna MopcKofi noBepxHOCTH H 3OHM floxaa, 
HO BefleT K cymecTBeHHOMy yMeHbiueHHK) Kosrh- 
CDHUHeHTOB KOppejiaUHH flJIH HaflBOflHblX cynoB. 

B TaöjiHue 2 npHBeaeHW /j;Hana30Hbi cpeflHHX 
3HaqeHHM nOJI5jpM3aUHOHHbIX xapaKTepHCTHK 
o6ieKTOB, nojiyneHHbie no pe3yjibTaTaM o6pa- 
60TKH SKcnepwMeHTajibHbix flaHHbix. HeKorepeH- 
THbie napaMeTpbi MaTpHUbi pacceaHMH a, Dh u 
D oueHHBajiHCb no peaMoauMHM /jjiHTejibHoc- 
TbK) 2 CeK. 3HaneHHfl KOSCpCpHITMeHTOB B3aHMHOM 
Koppe/muHH sjieMeHTOB MP npHBe^eHbi äJIH 

KOpOTKHX MHTepBajlOB HaÖJIIOfleHHfl. 

Sea surface (Fig. 2a) is characterized 
by low values of all three correlation 
coefficients. The diagonal BSM elements 
of the rain area are almost completely 
correlated at low correlation of the BSM 
columns elements (Fig. 2b). For surface 
vessel (Fig. 2c) there are high values of all 
three correlation coefficients. Enlarge- 
ment of the observation period up to 2 s 
weakly influences .the correlation coeffi- 
cients for sea surface and rain area but 
leads to essential decreasing the corre- 
lation coefficients for surface vessel. 

Table 2 shows ranges of average 
polarization characteristics of the ob- 
jects, obtained during the experimental 
data processing. Non-coherent BSM para- 
meters a, Dh and Dv were estimated by 
2 sec samples. The cross correlation 
coefficients of BSM elements are given 
for the case of short observation period. 

TaSrama 2. nojwpicanHOHHLie xapaicrepHCTHKH o6beKTOE 
Table 2. Polarization characteristics of objects 

XapaterepHciHca 
o6i«cia 
(Object's 

characteristics) 

Tim oGicjcra (Object) 
MopcKax 

nOBCpXHOCTb 
(sea surface)) 

(rain area) 
HaABOAHoe 

cyAHO 
(surface vessel) 

a, dB -2...J» 0 +4...-4 
Di, dB -4...-9 -18...-23 -9...-16 
■D» dB -6...-13 -18...-23 -9...-16 

Phhm 0,3...0,4 0,85...04« 0,8...0^)3 

PAüvd 0,2...0,3 0,2...0,4 0,6... 0,9 

Pvftw 0,2...0,3 0,2...0,4 0.6...0.9 

H3 npHBeaeHHbix B xaojiHue aaHHbix cjieayeT, 
HTO B HaH6ojibmen CTeneHH pa3JiH™a B nojia- 
pH3aunoHHbix xapaKTepncTHKax oGteKTOB 
npoaaüHIOTCH B K03<p(pHUHeHTax B3aHMHOH Kop- 
peJlHUHM SJieMeHTOB MaTpnuw pacceHHHH. 

3aKJiioieiiHe 

npoBcaeHHbie SKcnepHMeHTanbHbie Hccjie- 
flOBaHwa noKa3ann, MTO Taicne panHonoKauHOH- 
Hbie o6T>eicrbi, KaK MopcKan noBepxHOCTb, ra,a- 
poMeTeopH H HaflBOflHbie cyua Ha KOPOTKHX HH- 

TepBajiax Ha6jno,neHHH HMeioT cyuiecTBeHHO 
pa3Hbie Ha6opw 3HaqeHHH KoscpcpHUHeHTOB Kop- 
pejiauHH Me>Kfly sjievieHTaMH MaTpHUbi paccen- 
HHH. ri03TOMy HaÖOp H3MepeHHbIX 3HaHeHHH KO- 
3Cb(pHUHeHT0B  KOppeJIflUHH   MOXeT  HCnOJIb30- 
Baibca B KanecTBe nojiflpH3auHOHHoro npH3Haica 
npH HfleHTH4)HKauHH Ha6^ioflaeMbix o6T>eicroB. 

The data in the Table 2 show that the 
most differences in polarization characte- 
ristics of the objects become apparent in 
the cross correlation coefficients of BSM 
elements. 

Conclusions 

The given experimental investiga- 
tions have shown that such radar objects 
as sea surface, hydrometeors and surface 
vessels have essentially different sets of 
the correlation coefficients between the 
BSM elements for short observation 
intervals. Therefore, these sets of measu- 
red correlation coefficients may be used 
for identification of observable objects 
as a polarization signature. 
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CpaeHemie Mampuu,bi KeHHO u qbopjuyAupoeKU KO- 

eapuanuoHHOu juampunbi MOMenmoe 2-zo nopstd- 
Ka e paduojioKüifuoHHoä (PJI) nojutpuMempuu 06- 
napymueaem unmepecHbie coommmeHun MejKdy 
acneKmoMU Moutfiocmu u ducnepcuu PJI paccen- 
Hux om aiyiaÜHbix naieü. 

BBCHCHHe 

B paflHOJioKamioHHofi H orrmqecKOH nojwpH- 
MeTpHH cymecTByioTflBa paanHHHbix Meroaa OIIH- 
caHHH CBOHCTB nojwpHMeTpHHecKoro pacceaHHH 
nOJIHOCTbK) nOJIHpH30BaHHbIX IUIOCKHX 3M BOJIH 
cjiynaftHbrMH liejwMH c noMombio MOMCHTOB BTO- 

poro nopanjca - STO dpopMyjinpoBKa MaTpimbi 
KeHHo H aHajiH3 c Hcnojib30BaHHeM KOBapHaim- 
OHHOH MaTpraiH. 06a MCToaa cwraiOTCH He3aBn- 
CHMblMH, XOTH (bopMajIbHO B HHX HCnOJlb3yTOTCH 
ace caMbie MOMeHTbi BToporo nopswKa. Iloflxofl 
KeHHo Hcnojib3yeTca arm noHCKa peineroifl on- 
THMajibHOM nepeaaHH MomHOcra, Toraa KaK KO- 

BapHauHOHHaa Marpniia Hcnojib3yeTCH c TOHKH 

3peHHH 3HTponHH H ÄHcnepcmi. flaree Mbi orpa- 
HHHHMCH cnyqaeM no/iapHMeTpHH npn o6paTHOM 
PJI pacceflHHH (6ojiee nonporJHaa HHdpopMaiura 
cojepaoiTca B pa6are BepHepa H pp. [1]). Herbipe 
3JieMeHTa MarpHUM o6parHoro pacceamtH CHH- 

KJiepa S B OOMHHOM 6a3nce nepe^na/npHeM {x,y) 
HJIH {//, n-nO^HpH3ailHOHHOM 6a3HCe HBJUnOTCH 
Koppe^HpoBaHbiMH cjiyMaftHHMH nepeMeHHbiMH, 
me t yKa3HBaeT Ha aHcaM6jib BejiHHHH. 

A comparison between the Kennaugh matrix 
and the covariance matrix formulation of 
second-order moments radar polarimetry 
reveals interesting relationships between 
power and variance aspects of radar 
scattering from random targets 

Introduction 

In radar and in optical polarimetry 
there exist two different methods to 
characterize the polarimetric scattering 
properties of plane fully polarized electro- 
magnetic waves by random targets by 
second-order moments, the Kennaugh 
matrix formulation and the covariance 
matrix analysis. They are generally consi- 
dered to be independent, although formally 
they involve the same second-order 
moments. The Kennaugh approach is used 
for finding solutions for optimal power 
transfers whereas the covariance matrix is 
used for entropy and variance conside- 
rations. In the following we restrict ourselves 
to backscatter radar polarimetry for which 
we refer to Boerner et al [ 1 ] for a detailed 
account. The four elements of the Sinclair 
back scatter matrix S in the common 
transmit/receive {x,y}- or {H,V\- pola- 
rization basis are correlated random vari- 
ables where t stands for ensemble values 

S(t) = 
SJ0   Sv(t) 

£.(')   S„(t) 
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0 cmpoeoM eeedemiu Koeapuau,uoHHbtx Mampuu, 

ripeAnojiaraeTca, HTO ajieMeHTbi MaTpnubi 
CHHIOiepa  S{t)  B CpHKCHpOBaHHOH,  HO npOH3- 
BOJibHoft T04Ke BpeMeHH HJIH npocTpaHCTBa - 
cJiyHaHHhie nepeMeHHbie cTauHOHapHbix M/HJIH 
oflHopoflHbix CTOxacTHMecKMX npoueccoB. ITpeÄ- 
noJioxeHHe 06 aproflHMHOCTH ycpe/jHeHHH no 
aHcaM6jiK» Moxer 6biTb 3aMeHeHo ycpejiHeHH- 
eM no BpeMeHH H o6o3HanaeTca ynioBbiMH CKO6- 
KaMH <...>. Pa/tn npocTOTbi MM 6epeM <5(f)>=0, 
4T0 noflpa3yMeBaeT yaarieHHe cpeflHero. 

MoMeHTbi BTOporo nopanKa STHX cjiyqaftHbix 
nepeMeHHLix ywTbiBaioTCH c noMOiUbio JIK)6O- 

rO H3 3THX BbipaaceHHH 

It will be assumed that the elements 
of the Sinclair matrix 5(f) at a fixed but 
arbitrary instant of time or space are ran- 
dom variables of a stationary and/or homo- 
geneous stochastic processes. Assuming 
ergodicity ensemble averages can be 
replaced by time averages and are denoted 
by sharp brackets <...>. For sake of 
simplicity we take <5(7)>=0 which implies 
removing of means. 

Second-order moments of these ran- 
dom variables are taken into account by 
forming either one of these expressions 

5(0   -> 
K = <S(t)®S\t)> 

C = < vec 5(0 vec* 5(0 > 

nie Co6o3HaMaeTKOBapnauHOHHyK), a K- npefl- 
BapHTejibHyro MaTpnuy KeHHO, CHMBOJI ® 060- 
3HanaeT KpoHeKepoBCKoe npoH3BeÄeHMe, a one- 
paTOp 'vec' yKa3biBaeT Ha nocjiejioBaTejibHoe 
pacnoJioaceHHe BeKTOpOB-cTOjiGnoB (CM. XopH n 
H>KOHCOH [2]). CHMBOJI t o6o3naqaeT apMHTOBO 
conpaxeHHe. 

MaTpHua KeHiio 

ripe/jBapHTejibHaa MaTpHua KeHHO B03HHKa- 
eT cjieflyiornMM o6pa30M. CuvMaHHoe araeicrpoMar- 
HHTHoe none Es(t), o6pa30BaHHoe B pe3yjibTare 
pacceHHHH naaatomeft nojiHocrbio nojwpH30BaH- 
HOHBOJiHbi E CTynaHHopacnpeflejieHHOHueJibio, 
oö-beaHHHexcfl co CBOHM KOMruieKCHHM conpsrace- 
HHeM B BHjje 

where K and C denote pre-Kennaugh 
and covariance matrices, the symbol ® 
denotes the Kronecker product and the 
'vec' operator indicates the subsequent 
stacking of column vectors, see Horn 
and Johnson [2]. The dagger symbol t 
denotes Hermitian conjugation. 

The Kennaugh matrix 

The pre-Kennaugh matrix K arises in 
the following way. The random electro- 
magnetic field Es(t) resulting from scat- 
tering of the incident fully polarized wave 
E by a randomly distributed target is 
combined with its complex conjugate as 
follows 

E (0 ® E' (0 = (S(t)E) ® (5* (t)E') = (5(0 ® 5* (t))(E ® E'). E(t) = S(t)E 1 
E\t) = S'(t)E'\ 
YcpeflHeHHe npHBOflHT K pe3yjibTaTy Averaging leads to 

<E(t)®E'(t)> = <S(t)®S\t))>(E ®E') = K(E ®E*). 

TaKHM o6pa30M npe/JBapHTejibHaa Marpima KeH- 
Ho K 3anHCHBaeTCH KaK 

The pre-Kennaugh matrix K reads 
explicitly 

K = <S(t)xS\t)> = < 

Isa(t)|2 s„(/)s;w s^osKt) 1 sv(012 

^«5» ^«5» 5v(os;w vos;w 
5,,(05;(/) 5^(05;(0 5^(051(0 v>^e> 

|S^(0|2 5^(05» 5^(05» |5^(0|2 _ 

> = X       *3 
K,    K, 

me A: (/=1,...4) — 2x2 noflMaTpHuw. IlepeMHo-    where AT,(j=l,...4) are 2x2sub-matrices. 
xeHHe c 4x4 MaTpHueft Q Multiplication with the 4x4 matrix Q 
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On the Rigorous Introduction 
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npHBOflHT K (BemecTBeHHbiM) BeKTopaM CTO- leads to the (real) Stokes vectors g of 
Kca g pacceHHHbix H nanaiomnx sjieKrpHiecKHX the scattered and incident electric fields, 
nojieft. MaipHua KeHHO Ke (CM. MOTT [3]) on- The Kennaugh matrix Kt, see Mott [3], 
pe^ejiaeTCH B COOTBCTCTBHH c BMpaxeHHeM is defined by 

Kc = ~Q' < S(t) ® 5*(0 > ßf = \Q'K& = iDQKQ? = DQKQrx 

2"       x'        v'    ~     2 
c flHaroHajibHofl MaTpHueft Z)=diag[ 1,1,1,-1]. 
MaTpHita ß HBJweTCH pe3yjihTaT0M npHMeHeHHH 
ypaBHeHHa HanpjDKeHna B 3aaane onTHMH3auHH 
MOmHOCTH. <t>aKTHHeCKH ee HJOfCHO paCCMOTpH- 
Baxb KaK onepauHio o6pameHHa BpeMeHH B no- 
jiHpnMeTpHHecKOM npocTpaHCTBe MHHKOBCKO- 

ro, VHMTbiBafl, MTO naflaiomaa H pacceaHHan Bojma 
B PJI nojwpHMeTpnn npn o6paTH0M pacceHHHH 
pacnpcTpaHHiOTCH B npoTHBonojioxHbix HanpaB- 
JKHHHX (CM. JIiOHeöypr [5]). CncayeT OTMeraTb, MTO 

MaipHua KeHHO HBJMCTCH BemecTBeHHoft H CHM- 

MeTpHMHOH, eCJIH K (KUIH PJSXS, S flJW TOMeMHOH 
ueJiH) ABJUieTca CHMMerpHHHOH. 3TH BbipaxeHHH 
Taiace cjieflyioT H3 MaTpnubi KorepeHTHocTH 
Bojib(pa [6]. 

KoBapHaimoHuax Maipmia 

BBe^eM Tax Ha3HBaeMbiH noJiapHMeTpHHec- 
KHH npH3HaKOBHH BeKTOp UeJIH 

Ar(r) = vecS(f) = 

KOTOpblfl  HBJIHeTCH JIHIHb  HenOCpeflCTBeHHbIM 
cnocoooM 3anHCH cjiynaftHbix ajieMeHra B yno6- 
HOM BHfle. Torfla HBHaa (popMa KOBapHauHOH- 
HOH MaTpHHbi C3aaaeTCH KaK C=<k(t)P(t)> 
vum 

with the diagonal matrix £>=diag[l,1,1,-1]. 
The matrix D arises from the application 
of the voltage equation to power opti- 
mization problems. Actually it should be 
considered as the time reversal ope- 
ration in polarimetric Minkowshi space 
taking into account that the incident and 
the scattered wave in backscatter radar 
polarimetry propagate in opposite di- 
rections, see Lüneburg [5]. It is worthwhile 
to point out that the Kennaugh matrix is 
real and symmetric if K (or even S for a 
point target) is symmetric. These 
expressions can be found also from Wolfs 
coherency matrix [6]. 

The covariance matrix 

We introduce the so-called polari- 
metric target feature vector 

[*.(<)] ~smit) 
Kit) swit) 
Kit) sm\t) 

lKit)\ ßwit). 

which is just a straightforward way of 
writing the random elements in a conveni- 
ent form. Then the explicit form of covari- 
ance matrix Cisgivenby C=<kit)k\t)> 
or 

<|S„„(0|2> <SHHit)SVHit)> <SHH(t)SrKy(t)>   <SHH(t)S'yv(t)> 
<Sm(t)S'm(t)>      <\Sm(t)\2> <Sm(t)S'Hyit)>   <SyH(t)S'vy(t)> 

<S„y(t)!rHH(ß)> <SHy(t)S'y„it)> <\S„y(t)\2> 
<Syyit)S'H„(t)> <Syvit)S'mit)> <Syvit)S'J1„it)> 

<SHy(t)Syy(t)> 

<\Syyit)\2> 

^3 

rio onpeÄejieHHK) 4x4 KOBapHaitHOHHaa Mar- 
pHua C ZBJiaeTCH SPMHTOBOH nojioaorrejibHOH 

By definition the 4x4 covariance 
matrix C is Hermitian positive semi- 
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O cmpoeoM eaedemiv Koeapuanuouiibo: ,i-ampim 

noJiyonpe.aejieHi-101'i Marpimefi. OraeraM cjieay- 
romee oxHomeHHe Mexay npeflBapiixejibHofi MaT- 
pimefi KeiiHO KYI KOBapnau.noHHon Maros-mci; C: 
C, = vec7 Kf (F=1 ,...4). Upyroe pacnouioxeroie BCK- 

TopoB CTOJI&UOB Hcnojib3yeT criHHOBbie MaTpi-i- 
lru TlayjiH. 06e cpopMM cBH3aHbi yHi-rrapHMM no- 
Äo6.neM H, cJieflOBaiejibHO, Hiweior Ty ace caMyio 
nopMy H co6cTBeHHbie 3HaiieHH;i. KoBapHairjHOH- 
HMe HUH KOppeJWUHOHHbie MaTpHUbl OHHCHBaiOT 
MOMeHTbi BToporo nopajxKa MHoroMepHbix (nacre 
TayccoBCKHx) coBwecmbix rpyHKUHM IUIOTHOCTH 

BepoHTHocra. B PJ1 nojiapHMeTpHH npHMeHCHHe 
KOBapiiaUHOHHOH MaTpHUbl H3BeCTHO KaK TCO- 
pwfl pasnoaceHHa ueji« (CM. Kjiay/i [7]). OäH3KO 

3T0 - nacTHoe npHMeHeHHe uuHpOKO H3BCCTHO- 

ro aHariH3a OCHOBHHX KOMnoHeHT (AOK) B 06- 
meß MHoroMepHoft CTaracraKe (CM. ,H,>KOJiH(p(b 
[4]). TjiaBHaH uejib AOK COCTOHT B TOM, MTO6H 

npeo6pa30BaTb KoppejiHpoBaHyio cnynaHHyio ne- 
peMeHHyio B HOBwe HCKoppejiHpoBaHbie (He o6a- 
3aTejibHO He3aBHCHMbie) BejiHHHHbi H ynopHÄO- 
4HTb B COOTBeTCTBHH C HX JIHCnepCHeH. 

Byay™ apMHTOBOH nojio)KHTejibHOH nojiy- 
onpeflejieHHbiH, KOBapHauHOHHaa MaTpnua MO- 

HceT 6wTb flHaroHa^H3HpoBaHa yHHTapHWM npe- 
o6pa30BaHHeM 

U-lCU = A=d\ag[Xi 

rae U = [xi,x2,x3,x4]. 
BßefleM HOBbie cjiynaHHbie nepeMeHHbie c no- 

Mouibio cjie/jyjomero jiHHeHHoro cooTHOiueHHfl 

definite. We note the following relation 
between the pre-Kennaugh matrix K and 
the covariance matrix C: 
C - vec7K-(i=l,.-A). Another column 
vector ordering uses the Pauli spin 
matrices. Both forms are related by unitary 
similarity and hence have the same norm 
and eigenvalues. Covariance or correlation 
matrices describe second-order moments 
of multivariate (often Gaussian) joint 
probability density functions. In radar 
polarimetry the application of the 
covariance matrix is known as target 
decomposition theory, see Cloude [7]. This 
is however a special application of the 
widely-known Principle Component 
Analysis (PCA) from general 
multivariate statistics, see Jolliffe [4]. 
The main purpose of PCA is to convert 
the correlated random variable kft) into 
new uncorrelated (not necessary indepen- 
dent) variables and order the new 
variables according to their variances. 

Being Hermitian positive semi-definite 
the covariance matrix C can be unitarily 
diagonalized 

,X2,X3,X4\ 

with U =[xl,x2,xi,x^]. 
We introduce new random variables 

by means of the linear relation 

Z(0 = [z,(0   z2(t)   z,(0   z4(t)f =U*k(t) = [x?k(t)   xlk{t)   x*k(t)   x^(t)J 

HJIH k{t) = UZ{t) c BeinecTBeHHbiMH HeoTpHiia- 
TejIbHHMH   0 < XA < X} < X2 < Xl   C06cTBeHHbIMH 
HHCJiaMH   OpTOHOpMajIbHbIMH   COÖCTBeHHbIMH 

BeicropaMH % 
Cx: =Xjxl, x,Xj=8tt 

HoBbie aiyqaftHbie BeicropHbie KOMnoHeHTbi zji,t) 
(/-l,2,3,4)BeKTopanejM Z{t) Ha3HBaiOT OCHOB- 

HHMH KOMnoHenraMH (OK) (CM. flaoiHcbrb [4]). 
OHM  HBJIfllOTCfl  HeKOppeJIHpOBaHblMH  (HO  He 
o6»3aTejibHO He3aBHCHMbiMH), a HX flHcnepcua 
paBHa cooTBeTCTByiomeMy coöcTBeHHOMy 3Ha- 
MeHHK» C 

or k(t) = UZ(t) with real nonnegative 
eigenvalues 0<XA<X3<X2<Xl and 
orthonormal eigenvectors £, 

(i,j = 1,2,3,4). 

The new random vector components 
zfj) (/= 1,2,3,4) of the target feature 
vector Z{t) are called the principal 
components (PC's), see Jolliffe [4]. They 
are uncorrelated (but not necessarily 
independent) and their variance is equal 
to the corresponding eigenvalue of C 

< z,(t)z]{t) > = x,f < kP > Xj = x?Cxj = XjSy    (i,j = 1,2,3,4). 

Co6cTBeHHbie BeKTopw k\ (/= 1,2,3,4) KOBa- The eigenvectors £.  (/=1,2,3,4) of 
pHaiiHOHHott MaTpHUM Ha3MBaK>T BeicropaMH    the covariance matrix C are called the 
KoadKpHiiHeHTOB HJIH Harpy30K win /-OH OCHOB-    vectors of coefficients or loadings for 
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HOH KOMnoHeHTbi j(.(0-CneKTpajibHoepa3jioxe- the ;'-th principal component z.(0-The 
Hue C 3aaaeTCH BbipaaceHHeM spectral decomposition of C is given by 

Bee qeTbipe 4x4 MaTpHUH x,x/ MineioT paHr 1 H The four 4x4 matrices jc(.jc/ all have rank 
cjiea trace( x,x? )= 1. Upu oSpameHHH onepauHH 1 and trace( xtx. )=1. Reversing the 'vec' 
'vec', JC,- MoryT HHTepnpeTHpoBaTbcH KaKToneq- operation the x,'s can be interpreted as 
Hbie nenn c 2x2 MaTpHuen S., y KOTopbix span5=1 2x2 point targets S. with spanS.=l 

x = vec S, =[*-■■ ^]7 <-> 
x. 

(/ = 1,2,3,4) 

TaK, 4T0 Hcnojib3ya cooTHouieHHe k{t) = UZ(t),    ajid hence by making use of the relation 
nojiynaeM k(t) = UZ(t) 

5(0 = 
'Sm(t)   SHV(t) 

SVH(t)    Sn.(t) =1 z/(o=y^,.(o. 
i=i 

Sto 3anHCb aBjmerca pacnpocrpaHeHHeM BW5O- This is the expansion of the samples 
pox Marpmibi Cmncnepa S(f) Ha Herupe TOHenHbix of the Sinclair matrix S(t) into four point 
H&mi co cnyraUHbiMH K03cbdpHirHeHTaMH. HVJKHO targets with random coefficients. It should 
nqzmepKHyrb, HTO OTH HOBbie cnynaHHbie nepeMeH- be stressed that the new random variables 
Hbie zff) HeKoppejmpoBaHbi, H B STOM CMHCJE oc- zft) are uncorrelated and that the basic 
HOBHbie uenH S( HBJIHIOTCH oproHopManbHbiMH targets S. are orthonormal in the sense 

(vecS^vecS, = x/£, =fix^xJt = £| x. |28, = ||x; \\2 5, = 5,. 
i=I k=\ 

YcpeflHeHHaH MaipHua MOUIHOCTH TpeHBca HB- The average Graves' power matrix is 
jisieTca apMHTOBOM nojioacHTejibHOH nojiyonpe- Hermitian positive semi-definite and can 
neJieHHofi H MoxeT 6biTb npeflciaBJieHa KaK be expanded according to 

G = < S\t)S{t) > = 2>,S/S, = £ä,G, 

rjxe trace G = ^ \.. G — B3BeuieHHaa cyMMa oc-    with trace G = ^ A,,.. G is a weighted sum 

HOBHbix apMHTOBbix nojioxMTenbHbix no/ryonpe- of the basic Hermitian positive semi-de- 
aejieHHbix MaTpHU MOUIHOCTH TpeflBca G, = S?Si. finite Graves' power matrices G, = S.S,. 

Mcnojib3yn TOT <paicr, HTO nepeMeHHbie z.(r) Using the fact that the variables z(t) 
HeKoppejinpoBaHbi, MM nojiynaeM BbipaaceHHe are uncorrelated we obtain the expansion 

S(t)®S\t)= ftZtfZjW,®5;>   ->   <S(t)®S\t)> = fjXi(Si®S;) = fj\,Ki, 
i,j=l 

TaK, MTO and therefore 

me 

K. 

*«=!>,■*«. 

with 
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0 cmpoeoM eeedenuu KoeapuauuoHHbix Mampuu. ... 

T.e. MaTpmja KeHHO HBjmcTca CVMMOH 4 ane- i.e., the Kennaughmatrixisthesumof4 
MeHTapHbix MaTpHU KeHHO ToneHHMX uejiefi c elementary Kennaugh matrices of point 
BecaMH K.. targets with weights X.. 

B 3T0H pa6oTe MH noKa3ajiH rayöoKjTO CBH3b With this analysis, we have shown 
Mexay MaTpMuaMH S(t), Kt, K u C. the intimate connection between the 

matrices S(t), Ke, K and C. 
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IIpHMeHeHHe opToroHajibHMx JIHM H 

OKM CHmaiiOB B nojiapH3auHOHHbix 
PJIC C OAHOBpeMeHHMM H3MepeHHeM 

MaTpnubi oöpaTHoro pacceamui 

A.M. HOCOB 

TOMCKHM rOCyflapCTBeHHHH yHHBepCHTeT CHCTeM 
ynpaaneHHa H parjHoaneiapoHHKH 
634050, TOMCK, np. JleHHHa, 40 

TeJi./OaKc: (3822) 413-949, E-mail: ndima@ngs.ru 

B cmambe npou3eodumcn cpaemtmejibHuii mania 
eenmopHbtx 30Hdupyww,ux cuenanoe, cqbopMupoean- 
Hbix npu noMouifi napu cuiHanoe c Kodupoeanueju 
(pa3bi opmoeoHwibHbwu M-noc/iedoeameAbHocmimu 
u cuzHanoMU co ecmpembmu 3üKOHOMU AuneÜHoä 
HacmomHoü Modynsmuu, npuzodnba. dm odnoepe- 
MeHHOii ou,eHKU nompu3aufiOHHbix u KoopdimamHbix 
napaiuempoe paduoAoicauuoHHbix oöheicmoe e PJIC c 
noAHbiM noAnpiaau,uoHHbiM 30HdupoeamieM. B tcaie- 
cmee OCHOSHOü xapaKmepucmwcu eeicmopHbix cuma- 
Aoe ucnoAb3yemcn wc Mampuwan (fiymayu monpe- 
deAeHHOcmu 

Use of Orthogonal LFM and PSK 
Signals in Polarization Radars with 

Simultaneous Measurement of 
Backscattering Matrix 

D.M. Nosov 

Tomsk State University of Control Systems 
and Radioelectronics 

40 Lenin ave., Tomsk, 634050, Russia 
T/F: (3822) 413-949, E-mail: ndima@ngs.ru 

In the paper, comparative analysis of vector 
radar signals formed by two PSK signals 
(with phase code modulation by orthogo- 
nal M-sequences) and LFM signals (with 
up-going and down-going frequency modu- 
lation) is performed. The signals are 
considered to be suitable for simultaneous 
estimation of polarization and coordinate 
parameters of radar objects in a Complete 
Polarization Analysis Radar (CPAR). 
The main vector signals characteristic is 
their matrix ambiguity function 

1. BßefleHHe 

OflHHM H3 nepeneKTHBHMX MCTOaOB OUeHKH 
MaTpnubi o6paTHoro pacceaHHH (MOP) npo- 
CTpaHCTBeHHO-pacnpeflejieHHbix HecTa6njibHHX 
O&beKTOB flBJIHCTCH MCTQH nOJIHOTO nOJIHpH3aUH- 
OHHoro 30HflHpoBaHHH, KOTopbift oöecneraBaeT 
oflHOBpeMeHHoe H3MepeHHe Bcex Herapex ajieMeH- 
TOB MOP. 3TOT Merofl ocHOBbmaercH Ha oflHOBpe- 
MeHHOM H3JIyHeHHH flBVX KOMnOHeHT BeKTopHoro 
cHmana c oproroHanbHbiMH nojrapiraauHOHHbiMH 
COCTOHHHHMH H cnHOBpeMeHHOM npneMe,m3yx nap 
pacceaHHbix cHraarioB OCHOBHOH H Kpocc-nojra- 
pH3auwn. ripH 3TOM oproroHanbHwe no nojrapH3a- 
mm KOMnoHeHTbi noroKa H3jiyMeHHH OÄHoncoH- 
UHOHHOH PJIC cpopMHpyioTCH npn nOMOIUH flByX 
CKTHanoB, oproroHajibHbix BO BpeineHH [1, 2]. 

M3BecTHO flocraiOTHO 6ojibiuoe KOJiHHecTBO 
opToroHaribHbix (pyrnaniÄ, KOTopwe (popMaribHo 
npHMeHHMbl ami (bopMHpOBaHHH OUeHKH MaT- 
pHiiw pacceHHHH yKa3aHHHM BMiiie cnoco6oM. 
TIpH 3TOM cymecTByeT npoSrieMa onTHManbHo- 
ro Bbiöopa opToroHaribHbix CHmanoB. 

2. TeopHH 

Hfln HanynaeMoro paaHojioicamioHHoro CHT- 
Hana (ana KOTOporo uinpHHa cneicrpa ropa3flo 

1. Introduction 

One of the perspective methods of 
backscattering matrix (BSM) estimation 
of non-stable spatially distributed radar 
objects is the full polarization sounding, 
which provides simultaneous measure- 
ment of all four BSM's elements. The me- 
thod is based on simultaneous radiation 
of two orthogonally polarized signals and 
simultaneous reception of co- and cross- 
components of the scattered signal. The 
orthogonally polarized components of the 
sounding signals are formed in mono- 
static radar with the use of a pair of time 
orthogonal signals [1, 2]. 

There are many orthogonal functions, 
which are nominally applicable for 
backscattering matrix estimation by the 
method above. At the same time, there is 
a problem of the optimal choice of ortho- 
gonal signals. 

2. Theory 

For radiated narrow-band radar signal 
(when spectrum width is much less than 
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TIpiiMeHeHue opmozoHaJibHbix JIHM u &KM cuzHanoe 

MeHbiue HecymeH Macro™), (popMHpyeMoe B 
aa/ibHeft 30He aneicrpoMarHHTHoe (3M) nojre MO- 
)KeT 6biTb onHcaHo B BHue Beicropa /tacoHca - 
Mepe3 era npoeiaiHH Ha opxbi B Bw6paHHOM no- 
^apH3auHOHHOM 6a3Hce 

U,(',Cl))=    . 
X2(t,<o) 

carrier frequency), far-field zone electro- 
magnetic (EM) field can be written as the 
Jones vector through its projections on 
the chosen polarization basis orths 

(1) 

rae 1,(7,0)), l2(f,a>) -y3KonojiocHbieKOMimeK- 
CHbie (pyHKUHH, onncwBaiomHe qacroTHO-Bpe- 
MeHHVK» cTpyKTypy opToroHajibHbix no narapn- 
3aitHH KOMnoHeHT H3Jiy4aeMoro cwraana u, (*,©). 

OrpaaceHHbiH OT TOHenHoro oöieicra cnraan, 
MOJKHO 3anHcatb B BH^e MaTpMHOH cBepTKH 

where Ä.,(f,(ü),Ä.2(r,(o) are narrow-band 
complex functions describing time- 
frequency structure of the orthogonally 
polarized components of u,(f,co) signal. 

Signal scattered by point radar object 
can be written as the matrix convolution 

ur(t,(ö) = G(x,o) U,(',CO) = jjG(x,fi)u,(' -z,(o-n)dzdn (2) 

rae G(x,n) - MaTpHHHaH (byrncuHH oTKJiHKa 
(M<1>0) ToneHHoro oöieKTa [2]. 

fljiH o6uiero cjiynaa ,QBH5KeHHH oöieicra c 
paflHanbHOM cKopocTbio V, ero M<PO MOHCHO 

3anncaTb B BHfle 

where  G(z,Cl) is a matrix responce 
function (MRF) of point object [2]. 

In general, the MRF of a point object 
moving with Kadial velocity V at a dis- 
tance D can be written as 

G(t, n) = 8(x0, fi0) • S == 5(x0, n0) 
^21       ^22. 

(3) 

we S — MaTpnua o6parHoro pacceHHHH o6teK- 
Ta, x=2D/c - BpeMH 3aÄep>KKH npwHHToro CHT- 

Hana vr oTHOcHTe^bHo H3JiyMeHHoro ur (D - 
aajibHOCTb so o6T>eicra), a fi0=2 V/X0 - flonjie- 
poBCKoe ciwemeHHe qacroTbi oTpaxeHHoro cnr- 
Hajia, o6ycjioaneHHoe pazwajibHOH CKopocTbio 
o&beicra (c - cKopocrb CBCTa, \ - anrora BOJIHM 
najaiomero nojw). MarpHMHan <pyHiarnfl OTKJIH- 
Ka ecTb pa3BHrae noHaraH MaTpHUM o6paraoro 
pacceaHHH, pacnpocTpaHeHHoe Ha nporaaceH- 
Hbie, ÄBHxyuiHeca (HeerauHOHapHbie) paflHo- 
jiOKaiiHOHHbie o6i>eKTbi [2]. 

ripoueflypa qacxoTHO-BpeMeHHofi BeieropHOH 
cBepncH, o6ecneHHBaromafl orrraMam>HbiH npneM 
CHraanoB (no KpHTepHio MaKCHMajibHoro oTHonie- 
HHH «cHrHan/uiyM»), onHCbiBaercH BbipaaceroieM 

where S is the object's scattering matrix, 
x=2D/c is a time delay of the received 
signal ur relatively to transmitted signal 
u, (Z> is the distance), Q=2V/X0 is the 
Doppler frequency shift due to the object 
motion (c is velocity of light, X0 is the 
signal's wavelength). The matrix responce 
function is an expansion of the back- 
scattering matrix notion for the case of 
extended (time-dependent) moving 
radar objects [2]. 

The procedure of time-frequency 
vector convolution providing the optimal 
signal reception (by maximum signal-to- 
noise ratio criterion) can be described as 

ur(f,a>)°u*(f,co) = JJur(/-T, (0-Q)®uJ(x,ßyWQ (4) 

rae ° - 3HaK BeicropHOH CBepTKH, ® - 3HaK yM- where signs °, ® and t denote vector 
HoxeHHH no KpoHeKepy, t - apMHTOBoro co- convolution, Kronecker multiplication, 
npaxeHH«. and Hermitian conjugation. 

Hcnojib3yH BbipaaceHHe (2) H (4), nojiyqaeM Using (2) and (4), we get 

ur(/,eo)ou;(/,(B) = G(T,ß)ul(/,(o)ou;(r,ö)) = G(T,fi)X(T,n) = J(/,(o) 
s—" ' ' V   '  J 

(5) 

x(x,n) 
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PHC. 1.   IlpHMep MaipHKHOH (pymcuHH OTKUHKa G(x,fi) iwieHHoro o6i,eKTa, 
3aaaHHOH Ha UJIOCKOCTH «BpeM5i-liacTOTa» 

Fig. 1.    Example of the matrix response function G(x,fi) of a point object 
presented on «time-frequency» plane 

MaTpHiia J(/,co) ecrb o6o6meHHaa 4>yHK- 
HHJi B3aHMHoii KoppejmiiHH HanyqeHHoro n npn- 
HflTOrO BeKTOpHHX CHrHaJlOB H ABJIHeTCfl oueH- 

KOH J(/,co)=G(x,fi) MOO paflHOJioKaurHOHHoro 
o6i>eKTa, a cjieflOBaTejibHO H MOP [2]. 

MaTpnua X(x,Q) B BMpajKem™ (5), KOTO- 

paa B o6meM ciiyqae MoxeT 6BITB 3anHcaHa Kax 

X(t,n) = u,(^co)oU*(/,co) = 

H ecxb Mampuufl neonpedeneHHocmu 30HflHpyK>mero 
BeicropHoro cHTHajia u,. 3jieMeHTbi Marpimbi %, , %22 

HBJIHtOTCfl 0606meHHbIMH aBTOKOppeJiaUHOHHH- 
MH (pyHKUHHMH, %2 %n ~ o6o6meHHbie B3aHM- 
Hbie KoppejiHUHOHHbie dpyHKUHH oproroHanbHbix 
KOMnoHeHT Ä,,(/,co), Ä.2(/,oo) H3JiyHeHHoro cnmajia 
u,. MaTpHua HeonpeÄeJieHHOCTH X(x,n) xapaiore- 
pn3yeT TOJibKO BeKTopHHH curHaji u( H onpe^e- 
jifleT ero npuroflHocTb jam COBMCCTHOH oiteHKH 
MaTpHUH pacceHHHH 06ieKT0B H MX KOOpflHHaT- 
Hbix napaMeTpoB. 

PaccMaTpHBaa dpopMnpyeMyio oueHKy J(/,w)= 
G(x,n) B nojMpH3auHOHHOM 6a3Hce BeKTopa u(, 
MaTpHuy X(x,n) MO>KHO npcucTaBMTb B flHaro- 
HanbHOM BHfle [3] (CM. (7)). B ypaBHeroiH (7) dpyH- 
KHMH Ä.n,l22 

_ C06cTBeHHbie fpyHKUHH X(T,Q), 

flBflHK>miieCH aBTOKOppeJIflllHOHHblMM dpyHKIIH- 
HMH KOMUOHeHT \, (/,©), i2 (t,(ß). 

The matrix J(r,co) is a generalized 
correlation function of transmitted and 
received vector signals and serves as 
estimate of the MRF J(t,co)= G (x, o) and, 
therefore, BSM of a radar object [2]. 

In general, the matrix X(x,Q) in (5), 
which can be written as 

(6) 

is called the ambiguity matrix of the 
sounding vector signal ur The matrix 
elements %,,, %n are the generalized auto- 
correlation functions, and %2i, %n are the 
generalized cross-correlation functions of 
orthogonal components i,(f,co),A,2(/,(ö) 
of the signal u(. The matrix X(x,n) cha- 
racterizes the vector signal u( only and 
determines its applicability for simulta- 
neous estimation of radar objects' BSM 
and their coordinates. 

Considering the estimate J(?,w)= 
G(x,n) in polarization basis of u(, the 
matrix X(x,n) can be presented in the 
diagonal form [3] as in (7). Here functions 
XU,X22 are eigenfunctions of X(x,fi), 
which are the autocorrelation functions 
of the X, (t, co), A,2 (/, o) components. 
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X(T,Q) = 
A.M(T,fi) 

0 A,22(x,n) 
(7) 

OHeBHÄHO,   HTO  TOHHOCTb  CpOpMHpyeMOH 
OIieHKH MaTpHMHOÄ CpyHKITHH OTIOIHKa paflHO- 
jioKaiiHOHHoro o6^eKTa, onpeaejiaeTca CBOH- 

cxBaMH 30HÄHpyiomero BeKTopHoro cHraajia. 
B HfleanbHOM aiynae, Koraa 30H,impyiomHft 

CHrHaji B (6) ynoMeTBopaer cooTHOiueHHio 

Evidently, that the accuracy of the 
matrix responce function estimate of a 
radar object is determined by properties 
of the sounding vector signal. 

In the ideal case, when the sounding 
signal in (6) satisfies to expression 

X(x,fi) = 8(0,0)-I,   1 = 
1    0 

lo   1, 
(8) 

onepaTop J B (5) aBJiaeTca TOHHOH ouemcoH 
MaTpHiHOH (byHKUHH oTKjiHKa, a 3HaHHT, no- 
3BOJiaeT TOHHO oueHHTb ero noJiapH3an.HOHHbie 
H KOopflHHaTHbie napaMeTpbi, nocKOjibKy B STOM 

cjiynae HMeer MecTO paBeHCTBo[2] 

the operator J in (5) is the exact estimate 
of the radar object's MRF, and, there- 
fore, allows to precisely estimate its 
polarization parameters and coordinates, 
since in that case [2] 

J(t, co) = G (x, n) 8(0; 0) • I = G (x, n). (9) 

TaKHM o6pa30M, ana KoppeKTHOH ouemcH 
M^>0 ÄBftHcymerocH o6i>eKTa Heo6xoaHM0, HTO- 

6H opToroHanbHbie cKajiapHbie CHrHanbi, npn 
noMomn KOTopbix cpopMHpyerca qacTOTHo-Bpe- 
MeHHaa cTpyKTypa opToroHanbHbix KOMnoHeHT 
30HflHpyiouiero cnraana, yaoBJieTBopa™ cjie- 
ayiomHM Tpe6oBaHHaM 

Thus, the correct MRF estimation of 
a moving object requires the orthogonal 
scalar signals, which form the time- 
frequency structure of the sounding 
signal's orthogonal components, to 
.satisfy to the following requirements 

X,, (x, o) = JJX,,(/-T, co -a)i\(t, co) dtda = 5(0,0); 

l22(i,ci) = j\i2(t-x,(o-ii)X'2(t,<o)dtd(o = 8(0,0); (10) 

Xl2(x,fi) = X2. (-*>")= ll\(t-x,(a-n)i'2(t,(o)dtd(o = 0. 

Ha npaKTHKe urapHHa cneKTpa H anHTejib- 
HocTb 30HflHpyiouiero cnraana Bceraa orpaHH- 
neHU, a 3HaMHT, HeT cHraajioB, KOTopbie 6H 

aÖCOJIIOTHO  TOMHO  yflOBJieTBOpaJIH   3aflaHHbIM 
TpeöoBaHHaM. üoaTOMy aKTyanbHOH aBJiaeTca 
3aaana nowcKa opToroHanbHbix cHmajioB, KO- 

TOpwe MorjiH 6M c onpeaeJieHHbiM npn6jiHace- 
HHeM COOTBeTCTBOBaTb 3THM Tpe6oBaHHaM. 

K TaKHM cHrHanaM MOXHO oraec™ CJIOJK- 

Hbie curHaribi c öOJIMHOH 6a30H, ana KOTopwx 
TAf » 1, we T - AJiHT&nbHOCTb, a A/"- UIH- 

pHHa cneKTpa CHraajia. 
B pa6oTax [2] H [3] oraeHaeTca, HTO ana Kop- 

peKTHOH OUeHKH MaTpHHHOH CpyHKUHH pTKJIHKa 
o5beicra BaxHa HaeHTHHHOCTb cpyHKUHH y\.n(x,fi) 
H i22(x,n)- ECJIH CpOpMH 3THX $yHKU.HH HeHfleH- 
THHHbi, TO KoppeKraaa oneHKa MarpHUW pac- 
ceaHHa flBHxyuieroca o6T>eKTa HeB03MOHCHa, 

In practice, the sounding signals 
duration and spectrum width are always 
limited. It means that there are no such 
signals, which exactly satisfy the requi- 
rements above. Therefore, the problem 
of finding the orthogonal signals cor- 
responding to these requirerments with 
the specified accuracy is very important. 

Signals with a large T-Af product 
(TAf » 1, where T is signal duration, 
and Af is its spectrum width) can be 
considered as the desired signals. 

It was noted in [2] and [3] that the 
functions iu(x,ci) and i22(x,n) should 
be identical, in order correctly estimate 
MRF. If their forms are not identical, the 
correct BSM's estimation of moving 
objects becomes impossible, since the 
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nocKOJibKy oueHKH 3JieMeHTOB nepBoro H BTO- 

poro CTon6uoB MaTpHUH G(t,n) Syayr (popMH- 
poBaTbca B pa3HHx ajieMeHrax Ha UJIOCKOCTH 

«BpeMH-nacTOTa». OneBHflHO TaKxe, HTO npn Ha- 
JIH4HH myMOB B KaHajiax H paBHoro HX BJIHHHHH 

Ha TOHHOCTb OUeHKH  SJieMeHTOB  MOO  nHKO- 
Bbie 3HaHeHHa (pyHKUHH X.n(x,n) H Ä.22(T,O) 

JHOJDKHH 6biTb paBHbiMH. /LIH peariH3yeMbix cnr- 
HanoB yKa3aHHbie Tpe6oBaHHH onpeAejraioTCH co- 
OTHomeHHeM x,, (x, n) = %22 (x, n). 

3. Pe3yjibTaTw 

B npouecce pa6oTbi SHJIO npoH3BeaeHO HHC- 

jieHHoe MojiejiHpoBaHHe MaTpnu HeonpenejieH- 
HOCTH CHmanoB c npHMoyrojibHOM ornöaiomeH, 
CO BCTpeHHMMH 3aKOHaMH JIHHeHHOH HaCTOTHOH 
MOflynauHH (JIHM), a TaioKe CHrHanoB c (pa30- 
KOflOBOH MaHHnyjiHUHeii (OKM), MoflyjinpoBaH- 
HbK OpTOrOHajIbHblMH M-nocncaoBaTejibHOCTHMH, 
H npoBe^eH HX cpaBHHrejrbHbiH aHajiH3. IlpH pac- 
HeTax 6buro npmwTO, »no 6a3a Bbi6paHHbix cnrm- 
JIOB paBHa 1023, ÄJiHTejibHOCTb CHraanoB T=\ MC, 

IIJIHHa BOJIHM A.0=3 CM. 

estimates of elements of the first and 
second columns of the matrix G(x,o) 
will be formed in different elements on 
the plane "time-frequency". It is obvious 
also, that peak values of Xll(x,n) and 
X,2(T,n) should be equal for the case of 
equal noise level in the channels. For 
realizable Kadar signals, the specified 
requirements are determined by relation 
Xn(i>n) = x22(T,n). 

3. Results 

During our work, numerical simula- 
tion of the ambiguity matrix of waveforms 
having rectangular envelope, counter laws 
of linear frequency modulation (LFM), 
and also phase-shift keing (PSK) signals 
modulated by orthogonal M-sequences, 
has been made, and their comparative 
analysis was carried out. In calculations 
we use T-Af product of the choosen 
signals equal to 1023, T=\ ms, X=3 cm. 

PHC. 2.   HopMHpoBaHHaa Maipnua HeonpeaejieHHOCTH X(T,Q) OKM CHraanoB, 
MoayJiHpoBaHHbrx M-nocjieflOBaTejibHoerciMii. Ea3acnraana 1023, 
HJurrejibHOCTb CHmana 7M MC 

Fig. 2.    Normalized ambiguity matrix X(T,Q) of PSK-signals modulated by M- 
sequences: T-Af=l023,   T=\ ms 

Ha pHcyHKax 2 H 3 noKa3aHbi HopMHpoBaH- 
Hbie MaTpHHbi HeonpeflejieHHOCTH BeKropHbix cnr- 
HajioB, cdpopMHpoBaHHbix Ha 6a3e OKM H JIHM 
CHrHanoB. BHUHO, HTO cbyHiaiHH HeonpeaejieHHO- 
CTH OKM CHrnanoB HMeioT HroJibnaTyio (bopMy. 
OniHHHe OT HyjIH B3aHMHbIX KOppejIHHHOHHMX 

Figures 1 and 2 show the normalized 
ambiguity matrices of vector signals based 
on PSK and LFM signals. It is seen that 
the PSK signals ambiguity functions have 
a "needle-like" form. The non-zero cross- 
correlation functions %]2(x,n),x2}(x,Q.) 
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ripuMeneHue opmozoHcuibHbtx JIHM u &KM cuznanoe ... 

(J)yHKUHH xn(z,n),%2l(t,n) MaTpHUH Heonpc- 
aejieHHOCTH noKa3HBaeT, mo Bbi6paHHbie napw 
CHraanoB He aBjraioTca nojmocrbio HeKoppejm- 
pOBaHHHMH  H3-3a KOHeMHOM   6a3H   CHrHaJlOB. 
HeHyjieBHe 6oKOBbie Bbi6pocbi aBTOKoppeJiHUH- 
oHHbix cpyHKUHft Xn(t,o),x22(T,n) MacKHpy- 
K)T cHraanbi OT cna6bix 6jiH3KopacnojioxeHHbix 
uejiefl. nosTOMy acejiaTenbHO orpaHHMHTb ypo- 
BeHb ocTaTKOB flonycTHMoft ManoPi BCJIHHHHOH. 

YpoBeHb 3THX 60KOBHX JienecncoB, a Taxxe ypo- 
BeHb BbiGpocoB B3aHMHofl (pyHKUHH Heonpeae- 
JieHHOCTM 3aBHCHT OT 6a3bi (c yBejiHMeHHeM 
KOTOpOfi ypOBeHb BblGpOCOB CHHSCaeTCH) H BHfla 
MoayjiHpyioiueH KOAOBOH nocjieflOBaTejibHocra. 
IloHCKH JiymiiHX nocjieaoBarejibHocreH KOAOB 

BeayTCH MHorHMH cneuHanHctaMH [4]-[6]. 

show that the chosen pairs of signals are 
not fully uncorrelated because of the finite 
T-Af product. Nonzero side-lobes of the 
ambiguity functions XnC**").^1»0) 
mask signals scattered by close "weak" 
targets. Therefore, it is desirable to 
minimize them as much as possible. The 
side-lobes level and also the cross-corre- 
lation function spikes depend on the TAf 
product (its increasing reduces the spikes 
level) and on the type of modulating code 
sequence. It is known that many experts 
are involved in searching the best code 
sequences [4]-[6]. 

PHC. 3.   HopMHpoBaHHaa Marpima Heonpe,ne;ieHHocTH X(t,f2) JIHM CHraanoB co 
BCTpeiHMMH 3aKOHaMH MoziyjiHUHH. Ba3a CHmaiia 1023, ÄnnTejibHOCTb 
CHrHana 7M MC 

Fig. 3.    Normalized ambiguity matrix X(t,n) of LFM-signals with up-going and 
down-going frequency modulation: 7"-A^=1023, T=\ ms 

OVHKUHH HeonpeaejieHHOCTH OUHHOHHOTO 
MMnyjibca c JNM c npHMoyrojibHofi orH6ajo- 
men, HMeioT HoxeBHflHyio <bopMy. OHM HMCIOT 
oflHH ocHOBHOH rpe6eHb H pafl aonojiHHTejib- 
HMX 60KOBHX. 

Ha PHC. 4 H PHC. 5 npeflCTaBJieHbi oueHKH 
MOO G(T,O), (bopMHpyeMbie Ha Bbixoaax co- 
TJiaCOBaHHblX  CpHJIbTpOB  npH   HCnOJIb30BaHHH 
OKM CHmanoB H JIMM CHraanoB. PaccMarpH- 
BaeTca cjiyvati PJ1 o&beicra, HaxoaHiuerocH Ha 

The ambiguity function of LFM 
single pulses with rectangular envelope 
have a "knife-like" crest and series of 
additional side crests. 

Figures 4 and 5 show MRF estimates 
G(t,n) formed at the matched filters 
outputs for PSK and LFM signals. The 
results concern a moving radar object at 
900 m distance with 30 mps velocity. 
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Use of Orthogonal LFM and PSK Signals 

paCCTOHHHH 900 M H flBHxymerocH CO CKOpOC- 
Tbio -30 M/C, T.C HMeiomero MOO 

G(T,Q) = 5(T0 = 6\is, Q0 = -2kHz) I 

PMC. 4. HopMHpoBaHHaa (byrncum OTKJIHKQ J(?,w)=G(T,n) comacoBaHHbix 
4>HJibTpoB npw HartHiHH B 30He Ha6jiioaeHHJi 1 uejiH. Cjiynafl OKM- 
CHraa^oB, 6a3a cHraana 1023, «jiHTejibHocrb cHraajia 7M MC 

Fig. 4.   Normalized response matrix J(f,co)= G(t,fi) of matching filters for one 
radar object. PSK-signals case, TAf=l023, 7M ms 

PHC. 5. HopMHpoBaHHaa (pymarHH OTioiHKa J(/,a)=G(T,n) corjiacoBaHHbix 
(pHjnvrpoB npH HajiHHHH B 30He Ha6jiK>ÄeHHH 1 uejiH. CjiynaK J1HM- 
CHmajioB, 6a3a cHraaaa 1023, «nHTejibHocTb CHraana 7M MC 

Fig. 5.   Normalized response matrix J(/,ro)= G(t,n) of matching filters for one 
radar object. LFM-signals case, f-A/^1023, T=l ms 
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TIo cflBHry (bymauHH HeonpeaejieHHocra B 

4)OpMHpyeMHX  OTKJIHKaX Ha  T0  H   O0,   MO)KHO 
onpefleraiTb (Hapaay c nojmpH3aunoHHMMH na- 
paMeTpaMH) «ajibHocTb äO oGteicra H ero CKO- 

pOCTb,  COOTBCTCTBeHHO. 
Hro^bMaTbiH BHä 0>H OKM cnrHajioB, 03- 

HaiaeT, MTO OTKJIHKH Ha Bbixoae (pHJibTpoB, 
corjiacoBaHHbix c H3JiyqaeMHMH cnraa^aMH, 
cpopMHpyiOTCfl OÄHOBpeMeHHo. riosTOMy npH 
HCnOBb30BaHHH OKM CHrHaJTOB B03M05KHO Oä- 

HOBpeMeHHO H oflH03HaiHo (B npeÄeJiax 3Jie- 
Mema pa3penieHHH) onpeflejiHTb aajibHOCTb, 
CKopocTb (no CÄBHry (pyHKUHH HeonpeÄeJieH- 
HOCTH Ha T0 H fi0) H nojiHpH3auHOHHbie xapaK- 
TepHCTHKH PJ1 o6T>eicra no orioiHKy B mo6ou 
KaHane (CM. pnc. 4, pnc. 6a). 

npH npHMeHeHHH JHM cHraanoB H OäHO- 

KaHanbHoro npHeiwa HeB03MO>KHo oflHOBpeMeH- 
Hoe H OÄH03HaHHoe onpeaeneHwe paccTOHHHfl äO 

oöbeicra H ero cKopocTH (T0 H Q0). CMemeHHe 
(pyHKUHH HeonpefleneHHOCTH no OCH BpeMeHH 
MoxeT 6biTb HHTepnperapoBaHo KaK cMemeHHe 
no OCH HacTOT (H HaoöopoT). Mcnojib30BaHHe 
AByxKaHajibHoro npneMa c (pHJibTpaMH, COOT- 

BeTCTBeHHO COrJiaCOBaHHHMH C H3MeHeHHHMH 
qaCTOTbl BBepX H BHH3, jiaeT B03MOXHOCTb CO- 
BMecTHoro onpeflejieHHH aajibHOCTH, cKopocra 
M nOflHpH3aUHOHHbIX XapaKTepHCTHK 06-beKTOB 
(CM. PHC 6b), HO TOJlbKO npH HaJTHHHH OAHOft 
ueJiH B 30He Ha6jnofleHHa. 

Along with polarization parameters, 
the ambiguity functions shifts T0 and fi0 

in the formed responces allow to deter- 
mine the object's distance and its velocity, 
correspondingly. 

The "needle-like" form of the ambi- 
guiuty function of PSK signals implies 
the simultaneous formation responses at 
the matched filters outputs. Because of this 
the use of PSK signals allows to simul- 
taneously and unambiguously measure 
range, velocity (by shifts T0 and fi0) and 
polarization characteristics of radar 
objects by responce in any receiving 
channels (see Fig. 4, Fig. 6a). 

In the case of LFM sounding signals 
and single-channel receiver, it is impos- 
sible to simultaneously and unambigu- 
ously measure range and velocity (x0 and 
fi0). Shifting the ambiguity function along 
time-axis may be interpreted as a shift 
along frequency-axis, and vice versa. 
Using the two-channel receiver with 
filters matched with up-going and down- 
going frequency laws allows to jointly 
determine range, velocity and polari- 
zation parameters (see Fig. 6b) only for 
one radar object in observation area. 

■T-10 

•■A 

■  -4 

( \ ---? K ) 
- n 

-4 

-6 

...ft 

,0 

0 2 A » 8 0     1 2   % w 

/ 
7/- 

* 
/ 
// 

* y '/ 
\S (/ 

' 

/ <9 ̂  

<' 

/ s 
<N \ - 

* 

*  \ x\ S 

  

a) 

0      2      4      e      S      10     12   T,|» 

b) 

PHC. 6. 

Fig. 6. 

CoBMecraoe onpenejieHHe no/wpHaaunoHHbix H KOopwHaraux napaMerpoB 1 uejiH no 
cpeaaM (ypoBeHb 0.5) (^KUHü onuiHica J(r,«,)-G(x,n) comacoBaHHbix (p^bipoB. a) 
OKM CHTHMH, b) JIHM cHinami (6a3a cnrna^a 1023, »iHTOiuiocn, cHniana 7M MC) 
MnVestimation of polarization and coordinate parameters of one radar object by response 
function J«,o)=G(T,n) cuts (0,5 level) of matching filters for case of PSK-signals (a) 
and LFM-signals (b) (T-A/M023, 7M ms) 
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Use of Orthogonal LFM and PSK Signals 

Ha pHC. 7 H pHc. 8 npeflCTaaiieHbi oueHKH 
G (T.O) , (popMHpyeMbie Ha Bbixoaax coraacoBaH- 
Hbix (proibTpoB, npn Hcnojib30BaHHH OKM CHr- 
HajioB H JIHM cHrHajioB, ana flByx pa#HOJioKa- 
UHOHHblX  06T>eKT0B  A  H   B,   HaXOflfllUHXCfl  Ha 
paccToaHHH 900 H 750 M H flBjracymHxcji co CKO- 

pOCTblO -30 H 60 M/C, COOTOCTCTBeHHO. TX. HMdO- 
IUHX MOO 

Figures 7 and 8 show estimates of 
G(T,Q) at the matched filters outputs 
for PSK and LFM signals and radar scene 
with two objects A and B at 900 m and 
750 m distances and moving -30 and 60 
mps, correspondingly. In this case we 
have the following MRF 

G (T, fi) = 8(T0 = 6us, Q0 = -2kHz) ■ I + 8(x0 = 5\u, Q0 = 4kHz) ■ I 

PHC. 7.   HopMHpoBaHHaa $VHKWUI onoiHKa J(t,a)=G(x,n) corjiacoBaHHbix 
(J)HJibTpoB ripn HajiHHHH B 30He Ha6jiK>mnwi 2 uejieft. Orynaft OKM- 
CHrHa^oB 

Fig. 7.   Normalized response matrix J(/,o)=G(T,fi) of matching filtere for two radar 
objects. PSK-signals case 

ECJIH Ha Bxofle npHeMHbix ycTponcTB PJIC 
npHcyTCTByioT cHrHanbi OT HecKOJibKHx mvixy- 
IUHXCH uejieö, HaxoflflmHxca B pa3Hbix aneMeH- 
Tax pa3peuieHHH no aajibHocra H CKopocra, TO 

B cjiynae Hcnojib30BaHHH JIMM cHmajioB <pyH- 
KUHH  OTKJIHKOB 3HaHHTejlbHO yCJIOJKHHIOTCH H 
coBMecraoe onpeaejieHHe flaribHOcra H cKopo- 
CTH (a, cjieaoBaTejibHo, H nojiHpH3auHOHHbix 
XapaKTepHCTHK) PJI OÖieKTOB CTaHOBHTCH He- 
B03MOXHHM (pHC 9b). Bo3HHKaCT HeOÄH03HaH- 
HOCTb, H B pe3yjIbTaTe nOflOOHMM CflBHT (pyHKUHH 
HeonpeaejieHHocTH, o6yanoaneHHbiH nanmmM 
yKa3aHHbrx uejien AM B, MOJKHO HHTepnperapo- 
BaTb KaK npHcyrcTBHe coBepmeHHO HHHX ue/ieft 
C (t0=2,5 MKC, Q0=l,5 KTU) H D (T0=8,2 MKC, 

O0=8,2 KTU), KOTopbix Ha caMOM nenc He cy- 
mecTByeT. IlpH Hcnojib30BaHHfl <t>KM CHraanoB 
3Ta npo6jreMa He B03HHKaeT (pHc.9a) H oueHKa 
npOH3BOflHTCH KOppeKTHO. 

In the case of radar reception of 
LFM signals scattered by several moving 
targets, which are in different range and 
velocity resolution cells, the response 
functions become considerably compli- 
cated. Thus, the simultaneous estimation 
of range, velocity (and, therefore, polari- 
zation characteristics) becomes impossible 
(Fig. 9b). There appears an ambiguity, so 
that the shift of the ambiguity functions 
due to A and B targets may be interpreted 
as a presence of another non-existent 
objects C(T0=2,5 us, Q0=l,5 kHz) and 
Z)(T0=8,2 us, Q0=8,2 kHz). This problem 
does not appear while using the PSK 
signals (Fig. 9a), and parameters 
estimation is done correctly. 
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rioapo6Ho oco6eHHocra ncnojib30BaHHfl Peculiarities of the LFM signals using 
JIHM cHraajioB nonpoÖHO paccMOTpeHM B [7].     were considered in details in [7]. 

PHC. 8.  HopMHpoBaHHan dpvHKUHH oTKJiHKa J(/,o))=G(T,n) corjiacoBaHHbrx 
(JmjibTpoB npw HMHHHH B 30He Ha6juofleHHS 2 uejieft. Cjiynafi JIMM- 
CHrHaflOB 

Fig. *.   Normalized response matrix J(f,<o)=G(T,n) of matching filters for two radar 
Objects. LFM-signals case 
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flic. 9.  CoBMecrooe onpe«ewH«e n<wwpH3aiwoHHbix H KoopÄHHaTHbix napaMerpoB 2 uejieft no 
cpeaaM (ypoBeHb 0.5) <J>yHiarH« orwiHKa J(/,(B)= G(t,n) coniacoBaHHbix (punbrpoB. a) 
<DKM cHraanu, b) JIHM curHajibi 

Fig. 9.    Joint estimation of polarization and coordinate parameters of two radar objects by response 
function J(/,co)=G(x,n) cuts (0,5 level) of matching filters for case of PSK-signals (a) 
and LFM-signals (b) 
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HMHTauHOHHoe MOÄeJiHpoBaHHe 
HTepauHOHHOH npoueziypw 

noaaßjieHHH 6OKOBMX jienecTKOB 
CJIOKHblX CHmaJIOB, OTpaiKeHHblX OT 
npocTpaHCTBeHHO-pacnpeaeJieHHbix 

paZIHOJIOKaUHOHHblX OÖbCKTOB 

r.II. Baöyp, B.A. XmycoB 

Me«4yHapoÄHMH nccjie,noBaTejTbCKHH uemp 
TejieKOMMVHHKaUHH H paflHOJIOKaUHH - CH6HpCKOe 

OTfleJieHHe, IRCTR-SB TUCSR 
Ten.: (3822) 413-562, E-mail: rirs_pol@ngs.ni 

Poccna, 634050, TOMCK, np. Jlemma 40 

Ha ocnoee anpuopnux 3HOHUü O eude qbynKuuu 
neonpede/ieHHOcmu itMynaeMoio cuzHWia paccMam- 
pueaemcn umepanuoHnaa npoifedypa o6pa6om>cu 
cuenana, ompaMeiwoeo om npocmpancmeeHHO- 
pacnpedejiemioeo oßteicma, naÖMmdaeMozo HO cpoHe 
co6cmeeHHbix uiyMoe npueMHUKa. Hcnojib3oeamie 
dawioü npouedypu r\0360ASiem cymecmeeum CHU- 
3umb enusmue 6oKoebix jienecmKoe qbyimnuu neo- 
npedejieHHOcmu u3JiyHennozo cuzHona e 3adme na- 
6/nodemui Manopa3Mepmü uenu e npucymcmeuu 
ufiAii c öoAbuwü 3<p<peKmueHoü noeepxHoanbW pac- 
cemiua. B paöome npueodnmai pe3ynbmamu MO- 
denupoeanun yKcaaimoü npouedypu o6pa6omKU dm 
cnynan 30HÖupyiou(eeo 0KM-cueHana. 

1. riocTaHOBKa 3anain 

CoBpeMeHHbie Tpe6oBaHHfl K «HHaMmecKOMy 
HHana30Hy aMruiHTyn o6pa6aTHBaeMwx curaajioB 
aKTHBHOH PJ1C cocraaiMeT BejuwHHy Sojiee 80 flE. 
npH   HCnOJlb30BaHHH   CJIOXHHX 30HflHpyiOIUHX 
cMrHaaoB yKa3aHHbie Tpe6oBaHHH BbinojiHHMM 
TOJibKO OTH oneHb 6ojibiiiHX 6a3, npn KOTopbix 
ypoBeHb 60KOBHX JienecTKOB (pyHKUHH Heonpe- 
aeJieHHOCTH (OH) CHrHanoB He npeBbimaeT Be- 
JIHHHHbl -80 P.E. IlpHMeHeHHe TaKHX curaajioB B 
CBOH5 oqepe^b, Tpe6yer 6OJIMIIHX BbiHHCjiHTejibHbix 
3aTpaT npw HX JIHHCHHOH (pHJibTpamra, MTO cy- 
mecTBeHHO orpaHHHHBaeT BCBMOXHOCTH HX npaK- 
THHecKoro npHMeHeHHH. 

B CBH3H c 3THM oqeBHOHa aicryajrbHocTb Hccjie- 
aoBaHHH, HanpaMeHHbix Ha noncK BO3MOXHOCTH 

CHHHCeHHfl BJIHHHHfl ÖOKOBblX jienecTKOB (BJI) OH 
CJIOXCHMX CHTHanoB 3a cneT anpnopHbix 3HaHHH o 
BHfle HX OH. H3BecreH pm pa6oT (HanpHMep, [1, 

Simulation of the Iterative 
Procedure for Side Lobes 
Suppression of Compound 

Signals Reflected from 
Spatially Distributed Radar 

Objects 

G.P. Babur, V.A. Khiusov 

International Research Centre for 
Telecommunications-transmission and Radar 
- Siberian Branch, IRCTR-SB TUCSR 

Tel: (3822) 413-562, E-mail: rirs_pol@ngs.ru 
Lenin Ave. 40, 634050, Tomsk, Russia 

An iterative procedure for processing of 
signal reflected by spatially distributed 
object and observed against receiver noise 
is considered on the basis of a priori know- 
ledge on the ambiguity function of radiated 
signal. The given procedure using allows 
to considerably decrease influence of the 
radiated signal's ambiguity function side- 
lobes while observing small-sized target 
in the presence of a target with more radar 
cross section. In the paper, the results of 
the procedure simulation for sounding PSK 
signal case are presented. 

1. Problem statement 

The modern requirements to the 
dynamic amplitude range of an active 
radar's signals equal to more than 80 dB. 
In the case of compound sounding sig- 
nals, this requirement can be realized 
only for very large T-Af values, which 
provide at least -80 dB side-lobes level 
of the ambiguity function (AF). In turn, 
the use of such signals is very time- 
consuming computational procedure 
while the linear filtering, that greatly 
limits their application in practice. 

So, the urgency of studies connected 
with searching the ways, which could 
decrease the influence of the AF side- 
lobes due to a priori knowledge on their 
ambiguity functions form, is evident. It 
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Simulation of the Iterative Procedure. 

2]), B KOTOpblX paCCMaipHBaiOTCH B03MOXHOCTH 
HTepauHOHHoro (reHeTmecKoro) ajiropHTMa 06- 
pa6oTKH cjicoKHoro cHraana c noHHxeHHbiM 
ypoBHeM 60KOBWX JienecrKOB Ha Bbrxofle (pjuibT- 
pa o6pa6oTKH B 3aaaHH0M flHana30He. 3dxpeicrHB- 
HOCTb TaKoro anropHTMa B 3aasne HaSjiKweHHS 
CJia6bix CHraaflOB Ha cpoHe MomHbix pacnpe^e- 
Jiemrbix noiwexoBbix OTpaxeHHH Ha flaHHMH MO- 

MeHT H3yHeHa HeflocraTOHHo nojmo. B .aaHHOH 
paoore MOflejinpyeTCH HTepauHOHHaa nponezrypa 
jiHHeHHoft o6pa6oTKH OKM-cHrHana B VKa3aH- 
HOH B 3afla^e jyw pa3jnwHbix crnyairnn, oTpaxa- 
IOIIIHX peajibHbie ycjioBHH paSora PJIC. 

2. OnHcaHHe ajiropHTMa MOAejrapoBaHHfl 

B KaqecTBe Moaejin npocTpaHCTBeHHO-pac- 
npeflejieHHoro o6T>eicra Bbi6paHa coBOKynHOCTb 
He3aBHCHMbix sneMeHTapHbix OTpaxarejieR, pac- 
nojiojKeHHbix Ha pa3Hbix flanbHocrax OT TOHKH 

H3^yqeHHH 30HflHpyiomero CHraajia. EipH STOM 

OTpaxeHHbiH CHrHan npeÄCTaBjraeT CO6OH a^mi- 
THBHyro cyMMy aneMenrapHbix cnrHajioB, OTpa- 
xeHHbix OT KajKfloro H3 OTpaxarejieH MoaejiH, H 

cJiyqaHHOH KOMiweKCHOH noMexw 4(0, ooycjioB- 
JieHHOH C06cTBeHHbIMH (TeiUIOBblMH) UTVMaMH 
npHeMHOH CHCTeMbl. KoJIHHeCTBO 3JieMeHTapHHX 
OTpaxaTejieft, a raK xe pacnpeflejieHHe HX paan- 
ajIbHHX CKOpOCTeH H K03<p(pHirHeHT0B o6paTHO- 
ro OTpaxeHHa (3IIP) HMHIOTCH napaiweTpaMH 
MOflejiH. J\na. Kaxfloro orpaxeHHoro CHraajia 
3aflaeTC» cjiyiaHHbin (pa30Bbift cflBHr. 3aflepxKH 
CHraaroB, oipaxeHHbix OT nejieft, 3aaaioTCH KaK 
(pyHKUHH aaribHocTH. CymHocTb ajiropHTMa me- 
pauHOHHofl npouejrypbi KOMneHcaiiHH BJI cnox- 
Hbix CHraanoB 3aKjiK«aeTCH B cne/ryiomeM. 

Ha nepBOM 3Tane (popMHpoBanacb peajiH3a- 
UHH oipaxeHHoro CHraajia SL(t), onHCHBaeMaa 
BbipaaceHHeM 

is known works (for example, [1, 2]), in 
which possibilities of an iterative (genetic) 
algorithm of compound signal processing 
intended for decreasing side-lobes level 
at the processing filter output (in the 
given range) are considerd. However, 
the algorithm efficiency while obsrving 
weak signals against severe clutter has 
been studied insufficiently. In the given 
work, the iterative procedure for linear 
processing of PSK signal is modeled for 
various radar scenarios corresponding 
to real conditions. 

2. Simulation algorithm description 

An aggregate of independent elemen- 
tary reflectors situated at different dis- 
tances from point of the sounding signal 
radiation was chosen as the model of a 
spatially distributed object. In that case 
the scattered signal is an additive sum 
of elementary signals reflected by each 
reflectors of the model and random 
complex interference 4(0 caused by 
intrinsic (thermal) noise of the receiver 
system. The model parameters are num- 
ber of the elementary reflectors, values 
of their radar cross section (RCS) and 
radial velocities. Every scattered signal 
is characterized by random phase shift. 
Delays of the scattered signals are range 
dependent. The essence of iterative 
compensation procedure of compound 
signals sidelobes can be stated as follows. 

At the first stage, a time sequence of 
the scattered signal Sz(t) is generated 
in accordance with 

4(0 = Z^(0 = 50a-//)-a/-exp{yQflr+<p/}+4(o = */(0-5o(/-^)+4(0,   (i) 

We   k,{t)  - KOMTUieKCHblH K03<p<i>HUHeHT oTpa- 
xeHHH H3ay4eHHoro CHraana Sa(t) i-ro orpaxa- 
Tena MqaejiH o&beicra (a. — aMnjiHTy/JHHH Kosdp- 
(pHUHeHT OTpaxerora, QD - flonnepoBCKan MacTora 
aJieMeHTapHoro OTpaxarejra, cp — HananbHaa (pa3a 
orpaxeHHoro i-ro CHraajia, t. — BpeMH 3aaepxKH 
orpaxeHHoro cHraana crHocHrejibHO MOMeraa H3- 
jryteHHH CHraajia S0(0), 4(0 _ crauHOHapHbiH 
HopManbHbiH 6ejibiH uiyM. 

C(popMHpoBaHHbiH CHraaji (1) o6pa6aTbiBaji- 
cfl (pHJibTpoM, coraacoBaHHbiM c mnpHHOH cneK- 
Tpa H3JiyqeHHoro CHraana. üpn npoxoxfleHHH 
nepe3 (pHJibTp 6ejibift uryM craHOBHTCH OKpameH- 

where &.(/) is complex reflection co- 
efficient of the radiated signal S0(t) of 
the /-th reflector (0. is amplitude reflec- 
tion coefficient, C1D is Doppler frequency 
shift, (p. is initial phase of the /-th signal, 
t. is time delay relatively the radiation 
instant of S0(t) signal), 4(0 is stationary 
white noise. 

The signal (1) obtained is processed 
by filter matched with the spectrum 
width of the radiated signal. After filte- 
ring, the white noise become colored, 
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HUM, HHiepBaji Koppen™ T    cooTBexcTByeT so that the correlation interval*       is 
BejiHHHHe, o6paTHOH uiHpHHe cneKTpa H^yneH- equal to value inversly proportional to 
„'    cur' the radiated signal's spectrum width. 

CHraL (1) oGpafenuajK» cp^xpoM, co- Then, the signal (1)i is processed in 
raacoBaHHUM c Hs'yHeHHUM enow™ anna- the filter matched wrth the radiated 
JJOM, B cooTBercTBHH c BupaxeinieM compound signal as follows 

Jt(x,Q)=<St(t)-S'0(t-x)-exp{jQt}>. (2) 

OnpeflejiflJiocb 3HateHHe Jmaxl KOMnjieKCHoft At the next step, complex amplitude JmxX 

aMnjiHTyflbi MaKCHMyMa flBVMepHOH cpyHKHHH of the maximum of 2D responce 
oTioiHKa J£(x,Q) H ero Kooppymam Q,,x, Ha function Js(x,Q) and its coordinates 
roiocKOCTH «BpeMH-iacrora». OopMHpoBsmacb Q,,x, on the "time-frequency" plane are 
peajiH3auHH found, and the sequence is generated 

Jl(T,n) = JmaxC<S0(t)-S0(t~xl)-exP{jQlt}>=Jma:irJ0(T-xl,n-ni),      (3) 

rae J0(x-x,,Q-Q,) - dpyHKmw HeonpeaeneH- where J0(T-T„Q-Q,) is the ambiguity 
Hoc™ HairyqeHHoro cnraajia. Ranee. (popMHpoBa- function of the radiated signal. Then the 
jiacb peajiHaauHH J2(x,Q) B COOTBCTCTBHH C sequence J2(x,Q) is formed in according 
BbipaaceHHeM with tne following expression 

jn (x, Q) = JL (x, Q) - j, (x, Q). (4) 

Onpeaejumocb 3HaMeHwe Jmax2 KOMnjieKCHoft Further, complex amplitude /   2 of the 
aMnjiHxyabi MaKCHMyMa flByMepHoft cpyHKUHH maximum of 2D responce function 
oxKJiHKa jri(x,Q) H ero KoopanHaxu Q„x, Ha J£,(x,Q) and its coordinates Q x, on 
ruiocKocxH «BpeMJi-Macxoxa». OopMHpoBajiHCb the Jme-fr^uency j?lanejjre found. 
peajiH3auHH 

j2(x,n) = Jmax2-J0(x-x2,n-n2), 

JI2(x,Q) = J„(x,n)-J2(x,Q). 

fljm peajiroauHH JS2(x,fi) T«JK ace onpeaejiH- Similarly, maximum value JmmJ is 
jiocb ee MancHMajibHoe SHaneHHe JmaxV (popMH- found for yi2(x,Q), and then sequences 
poBajiHCb peajiH3auHH J3(x,Q), JB(T,fi) H TJL ./,(T,Q), ya(T,n) etc. are determined. 

Ha Ka>KaoM n-oM mare nxepauHOHHOH npo- The mean amplitude aIn of the 
ueaypbi npoH3BOÄHJiacb oueHKa atn cpeaHeft sequence /^(x.Q) is estimated for each 
aMnjiHTyflu peajmsauHH ja (x, Q). HxepamroH- w-th step of the procedure. The iteration 
HUH IIHKJI npeicpamancH npH äOCTHXCHHH 3Ha- cycle is over when 0En equals to mean 
qeHHH a   BCJIHMHHU cpejiHero 3HaqeHHH Ten- thermal noise of the system, which is 
jioBbix myMOB cHCTeMM, KOTopoe 3an,aBanacb B considered as one of the model para- 
MoaejiH OTpajtceHHoro cHraana KaK napaMeTp. meter. 

TIo OKOHqaHHH HTepauHH (popMHpoBajiacb After the iteration ending, the "ite- 
(byHKUHH OTioiHKa «HrepauHOHHoro» (pmibTpa rative" filter response function is gene- 
B cooTBeTCTBHH c BupaxeHHeM rated in the following way 

and the sequence is generated 

(5) 

j,
z(z,a) = Jz(T,Q)-ftJiml-J^T-zl,a-nl), (6) 

rae (pyHKUHfl jf nojiyqeHa H3 cbyHKUHH Heo- where function J^ is obtained from the 
npeaejieHHocra H3JiyqeHHoro cHTHana nyrcM npn- ambiguity function of the radiated signal 
paBHHBaHHfl3HaHeHMeeniaBHoro^enecTKaHyjno. by putting to zero its main lobe value. 
TaKHM o5pa30M, B ancmice (6) «HrepaujioHHoro» Thus, the ambiguity function sidelobes 
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dmruvrpa o6pa6oTKH KOMneHCHpoBaHM (c a6co- 
JIK5THOH TOHHOCTblO ÄO ypOBHH irryMOBOH noMe- 
XH) 6oKOBbie jienecTKH OH Kaxfloro H3 sjieMeH- 
TapHbix CHrHanoB, cyMMa KOTOpwx o6pa3yeT 
coBOKynHHH OTpaxeHHbiH CHinan. 

3. Pe3yjH>TaTM KOMnbiOTepnoro 
MOAeJiHpoBaHHH HTepaimoHHoro ajiropHTMa 
noflaBJieHHH BJI CJIOäHMX cnraajioB 

B paöoTe npHBeaeHbi pe3yjibTaTbi MOflejinpo- 
BaHHa onncaHHoro anropHTMa HTepamroHHOH 
o6pa6oTKH fljiH cjiyqaa OKM CHraajioB c 6a3on 
N=32. Pe3yjiKraTbi MoaejinpoBaHHa npHBOflüTca 
B BHfle TpexMepHbix rpacpHKOB a6coJHOTHoro 3Ha- 
HeHHH   (pyHKUHH   OTKJIHKa  «HTepaUHOHHOrO» 
(pHiibTpa fljiH Kaxfloro 3Tana npouejrypbi B 3a- 
jjaHHOM HacTOTHO-BpeMeHHOM HHTepBarae 3aflep- 
xeK H flomiepoBCKHX nacTOT H npeflcraBJieHbi Ha 
pHC. 1-4, no OCH BpeMeHH H qacTOT ouioxeHbi 
OTHOCHTeJIbHMe eaHHHUbl (OTCMeTbl). fljIH pa3- 
JiHHHbix CHTyauHH, OTpaxaromHX peaiibHbie 
ycjioBH« pa60Tbi PJ1C, nporpaMMHO dpopMHpy- 
erca Moaejib paaHOJioKauHOHHoft uejiH. IlapaMeT- 
paMH MOflenn HMJHOTCH aajibHocrb, KOMiuieKc- 
Hbie K03<p(pHHHeHTbI OTpäJKeHHH, KOJIHMeCTBO H 
pacnpeaejieHHe paflHanbHbix cKopocreH sjieMeH- 
TapHbix OTpaxaTejieft, ypoBeHb uiyiwa. 

B paöoTe paccMOTpeHO neTbipe MOflejiH pac- 
npeflejieHHoft liejiH. 

MoAeJib 1 3aaaHa B BHfle coBOKynHocra ne- 
Tbipex OTpaxaTejiefl, aöcojnoTHoe 3HaneHHe 
HOpMHpOBaHHHX K03(p(pMirHeHTOB  OTpaxeHHH 
KOTopbix paBHH 1; 0,5; 0,1; 0,05. CnrHan Ha 
Bxofle 5£(/) npeflcraBJiaeT co6oft cyMMy cHrna- 
JIOB, OTpaxeHHbix OT HeTbipex uejiefl c npoH3- 
BOJIbHO 3aflaHHbIMH 3aflepaCKaMH (paCCTOHHHHMH 
no Hejiefl), aoiuiepoBCKHMH cflBHraMH (paflnajib- 
HHMH CKOpOCXaMH) H KOSdxpHUHeHTaMH  OTpa- 
aceHHa (3ÜP H <pa30Bbift cflBHr). YpoBeHb myMa 
cHCTeMH paBeH Hyjiio. 

B MoAejiH 2 3aflanHM flBa OTpaacaTejia, COOT- 

BeTCTBeHHO cHrHan Ha Bxoae cncTeMbi npen- 
CTaBJineT CO6OH cyMMy CHrHajiOB, OTpaaceHHbix 
OT ÄByx uejieft c nporaBOJibHo 3aaaHHbiMH 3a- 
aep>KKaMH (paccToaHHHMH ÄO iiejieft), floiuiepoB- 
CKHMH CflBHraMH (paflHanbHMMH CKOpOCTflMH) 
H K03(p(pHUHeHTaMH oTpaaceHHH (311P H (pa30- 
Bblft CflBHr). A6co^K)THbie 3HaneHHH HopMHpo- 
BaHHbix K03(p(pHUHeHT0B OTpaaceHHH paBHbi 1 
H 0,01. YpoBeHb uiyMa 3aflaeTCH Ha ypoBHe cjia- 
6oro CHrHajia Ha BXOfle CHCTeMbi (0,01). 

Moaejib 3 3aaaHa B BH^e coBOKynHocm Tpex 
OTpaxaTejiefl, a6cojnoTHoe 3HaneHHe HopMHpo- 
BaHHblX K03(p(pHUHeHTOB OTpaSCeHHH KOTOpblX 

of each elementary signals, which form 
the total reflected signal, are compensated 
to absolute accuracy of the noise level in 
the "iterative" filter response (6). 

3. Simulation results of the iterative 
algorithm for suppression of 
compound signal's sidelobes 

In the paper, the algorithm simula- 
tion results are presented for PSK sig- 
nals with T-Af =32. The results are 
represented in 3D graphs (Fig. 1 to Fig. 4) 
showing modulus of the "iterative" filter 
response function at every step of the 
procedure for the given time-and- 
frequency range of delays and Doppler 
frequencies. In these figures, relative 
values are depicted along time and freq- 
uency axes. Software model of a radar 
target is formed for different scenarios 
of the real radar operation. The model 
parameters are the target's range, comp- 
lex reflection coefficients, quantity and 
velocity distribution of the elementary 
reflectors, and system noise level. 

Below, four models of a distributed ra- 
dar target are considered. 

Model 1 is an aggregate of four point 
reflectors with moduli of the normalized 
reflection coefficients equal to 1; 0,5; 0,1; 
and 0,05. The input signal S^(t) is a sum 
of the signals scattered from the four 
targets with arbitrarily time delays 
(ranges), Doppler shifts (radial velocities) 
and reflection coefficients (RCS and phase 
shift). The system noise is considered to 
be zero. 

Model 2 provides for two reflectors, 
so that the input signal is a sum of the 
signals scattered by two targets with 
arbitrarily time delays (ranges), Doppler 
shifts (radial velocities) and reflection 
coefficients (RCS and phase shift). The 
moduli of the normalized reflection 
coefficients are equal to 1 and 0,01. It is 
supposed that the noise level is equal to 
more weaker signal at the system input 
(0,01). 

Model 3 is an aggregate of three point 
reflectors with moduli of the normalized 
reflection coefficients equal to 1; 1; 0,1. 
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paBHH 1, 1, H 0,01, ypoßeHb myiwa 3aaaeTCH Ha 
ypoBHe cjia6oro CHrHajia Ha Bxoae CHCTCMM 
(0,01). Cwraan Ha Bxoae npeacTaBJiaeT co6oft 
cyMMy CHraanoB, oTpaaceHHbix OT Tpex uejieö. 
PaflHajibHbie cKopocra H cba3bi flßyx CHraanoB, 
OTpajKeHHbix OT uejien c 6OJIMIIHMH 3I1P, OäH- 
HaKOBbl. PaCCTOHHJW 3aflaflHM TaKHMH, HTO nHKH 
(byrncu.™ HeonpeflejieHHocTH nepeKpbmaiOTca BO 
BpeMeHH. Oa3a H paflHanbHaa cKopocrb cHrHana, 
OTpaxeHHoro OT uejiH c MajioH 3ITP 3aaaHbi 
aiynaHHO, paccroaHHe ao uejiH 3aaaHo TauHM 
o6pa30M, HTO nHK OH CKpbiT B öOKOBHX Jienec- 
TKax OH 6ojiee CHJibHbix cnraanoB. 

Moaeiu, 4 oTJiHMaercH OT \ioppjm 3 ^Hiiib TeM, 
HTo (pa3bi flßyx 6ojiee cmibHbix cHraajioB paBHofi 
aMnjiHTyflbi (nHKH (pyHKUHH HeonpeaeneHHOc- 
TH KOTopwx nepeKpuBaioTCfl BO BpenieHH) 3aaa- 
K)TCfl cjiynaftHO. 

Ha pHc. 1 npeflCTaBjieHbi pe3yjibTaTbi ana MO- 
aejiH 1. IloKa3aHbi CHraanbi npn O6MHHOH Kop- 
pejiauHOHHOH o6pa6oTKe (pHc. la) H nooie nre- 
paUHOHHOÜ  06pa60TKH  (pHC.   lb).   BHflHO,  HTO 
nocjie o6pa6oncH ypoßeHb OOKOBHX jienecncoB 
(YBJI) noHHMcaeTCH äO ypoBHa OIIIH6KH TOHHO- 
CTH pacneTOB. 

The noise level is equal to more weaker 
signal at the system input (0,01). The input 
signal is a sum of the signals scattered by 
three targets. Radial velocities of the first 
two targets and corresponding phase 
shifts are the same. The chosen distances 
of both targets provide overlapping of 
the ambiguity functions peaks in time 
domain. Phase shift and radial velocity 
of the third target are random values, 
its distance is chosen so as the ambiguity 
function peak is hidden in AF's sidelobes 
of more strong signals. 

The only difference of Model 4 from 
model 3 is in random phases of two 
signals scattered by larger targets (which 
peaks of the ambiguity functions are 
overlapped in time domain). 

Figure 1 shows results for model 1. 
The signals after the correlation pro- 
cessing and iterative processing are shown 
in Fig. la and lb, correspondingly. It is 
obvious that sidelobes level decreases to 
calculations error after processing. 

frequency 

a) 

frequency 

PHC. 1.   Pe3yju>TaTM pacneTOB ann MoflejiH 1: a) cHraan Ha Bwxoae 
coraacoBaHHoro (pHJibrpa; b) CHraafl nocjie HTepauHOHHoft o6pa6oTKH 

Fig. 1.    Calculation results for Model 1: a) output signal of the matching filter; b) 
result of the iteration processing 

Ha pMC 2 npeflcraBneHbi pe3yjibTara ana MO- 
aejiH 2. ßfln yfloöcTBa npeacTaBJieHHH rpa(pHKH 
npHBeaeHbi B jiorapH(pMHHecKOM MacuiTa6e. 
IloKa3aHbi CHraanbi npH o6biTOOH KoppenauH- 
oHHoft o6pa6oTKe (pHc. 2a), Koraa 6oKOBbie Jie- 
necTKH OH CHJibHoro cHinana MacKHpyioT aia- 
6bift CHTHan, H nocne HTepauHOHHofi o6pa6oTKH 
(pHc. 2b). B noaneflHeM cjiynae YBJI cHHxaeTca 
ao ypoBHa uiyMa CHCTCMW TaK, HTO BJMCH nHK 
(pyHKUHH HeonpeaejieHHOCTH cnaöbro CHraana. 

Figure 2 shows results obtained for 
model 2. For clearness sake the diagrams 
are represented in logarithmic scale. The 
signals after the correlation processing 
are shown in Fig. 2a (when the ambiguity 
function sidelobes of more strong signal 
mask the weak signal) and after iterative 
processing (Fig. 2b). In the latter case 
sidelobes are decreased to the system 
noise level, so that the AF's peak of the 
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OneBHflHO, MTO a6cojiK)THaH mnvmana KOMneH- 
cauHH EH MoxeT ÄOcmraTb aecaiKH /temioeji H 
orpaHHHeHa TojibKo cooTHomeHHeM «cHman- 
uiyM». 

weak signal becomes visible. It is clear 
that the sidelobe compensation can 
reach dozens of dB and is limited only 
by "signal-to-noise" ratio. 

*-n—T- 
HqBney*" 

a) 

PHC. 2.  Pe3yjibTaTH pacneTOB MM MO^HIH 2: a) cHraaji Ha Bbixoae 
coraacoBaHHoro «pmibrpa; b) CHraaji nocne wrepauHOHHOH o6pa6oTKH 

Fig. 2.    Calculation results for Model 2: a) output signal of the matching filter; 
b) result of iteration processing 

Ha PHC. 3 npeÄcraBJieHbi pe3yjibTarbi ana MO- 
nejm 3. HaoVrKwaercH He3Ha™TejibHoe cmciceHHe 
YBJI Ha Bbixoae CHCTCMH npH HTepauHOHHofi 
o6pa6oTKe (pnc 3b) no cpaBHeHrao c oobumoH 
KoppejiflUHOHHOH o6pa6oTKOH (pnc. 3a). 3a CHCT 
CHH(ba3Horo cnoscemiH flByx OTKJTHKOB uejieft c 
6ojibiiQiMH 3I1P nponcxoflHT CMerneHHe peanb- 
Horo MaKCHMyMa cnrHana Ha Bbixo^e coraacoBaH- 
Horo (pHjibTpa, c KOToporo HaiMHaeT CBOK> pa- 
6oTy HTepauHOHHaji npoue^ypa. IloaTOMy win 
aaHHofl MOflejiH uejiH HTepauHOHHbift ajiropn™ 
peajiH3yeTca He B nojmoft Mepe. 

The results obtained for model 3 are 
shown in Fig. 3. In comparison with the 
correlation processing (Fig. 3b), the 
iterative processing (Fig. 3a) gives slight 
decrease of sidelobes at the system output. 
Because of in-phase adding of two res- 
ponses of the large RCS targets, there is 
a shift of true signal maximum at the 
matched filter output, from which the 
iterative procedure starts operating. Thus, 
the iterative algorithm is not fully realized 
for this model. 

hqtiMey 

PHC. 3.  Pe3yjibraTbi pacneTOB wia Moaejui 3: a) CHraaji Ha Bbixo,ne coniacoBaHHoro 
<j)HJibTpa; b) CHraaji nocjie HTepaimoHHoft o6pa6oTKH 

Fig. 3.    Calculation results for Model 3: a) output signal of the matching filter; b) result 
of iteration processing 
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Ha pHC. 4 npeflCTaaneHbi pe3yjibTaTbi WIH 

MOflejiH 4. IloKa3aHbi CHrHajibi npn O6H4HOH 

KOppejiauHOHHOH o6pa6oTKe (pwc. 4a) H nocjie 
HTepauHOHHofl o6pa6oTKH (pHC. 4b). Haöjiroaa- 
eTCH 3HaHHTeJibHoe cHHxeeHHe YBJl cHraana Ha 
Bbixofle CHCTeMH nocjie HTepauHOHHofi o6pa- 
6OTKH. Oa3bi cwrHajioB, OTpaaceHHbix OT ueJieH 
c 60JIMHHMH SUP cjiynauHbi, Tax MTO OTKJIH- 

KH coaflbiBaiOTCH HecHH(ba3H0. riosTOMy CMe- 
meHHfl peanbHoro MaKCHMyiwa cHraana Ha BM- 

xofle coraacoBaHHoro (pHJibrpa He npoHcxojiHT, 
H HTepauHOHHHH ajiropHTM flaeT xopouiHH pe- 
3yjlbTaT. 

Figure 4 shows results obtained for 
model 4. The signals after the correlation 
processing and iterative processing are 
shown in Fig. 4a and 4b. Considerable 
decrease of the signal sidelobes at the 
system output can be observed after the 
iterative processing. Since the signal 
phases reflected by large RCS targets are 
random, then the responses are summed 
out-of-phase. Therefore, true signal 
maximum at the matched filter output 
is not shifted, and the iterative algorithm 
gives good result. 

hqMncy time t-equtncy time 

a) b) 

PHC. 4.   Pe3yjibTaTH pacieTOB äJM McwejiH 4: a) CHraaji Ha Bbixcwe 
comacoBaHHoro (bmibrpa; b) CHraair nocjie HTepauHOHHoft o6pa6oTKH 

Fig. 4.    Calculation results for Model 4: a) output signal of the matching filter; b) 
result of iteration processing 

4.  IlepCneKTHBH HCnOJIb30BaiIHfl 
HTepauHOHnoro ajiropHTiwa 

KaK noKa3aHO B [3], KoppeKTHaa COBMCCT- 

Haa oueHKa KoopoHHarHbix H nojiflpH3anjioHHbix 
napaiweTpoB npocrpaHCTBeHHo-pacnpe,nejieHHo- 
ro HecTauHOHapHoro BO BpeMemi o6beicra B03- 
MOaCHa TOJIbKO npH HCnOJIb30BaHHH 30HflHpVK)- 
mero noTOKa, MarpHiHaH 5>H Koroporo HMeer 
BHQ MaipHUbi ToaytecTBeHHbix npeo6pa30BaHHft. 
OopMHpOBaHHe TaKHX nOTOKOB OCHOBaHO Ha npH- 
MeHeHHH opToroHajibHbix uryMonofloOHbix CHraa- 
JIOB. ripH 3-TOM OCHOBHbie OUIHÖKH B OUeHKe MaT- 
pHUbi    o6paTHoro    pacceHHHH    oöteicra 
OnpefleJUHOTCH ypOBHflMH B3aHMH0H KOppeJIHUHH 
H ypoBHeM 60KOBHX jienecTKOB opToroHajibHbix 
CHrHanoB. Hcnojib30BaHHe anpHopHLix 3HamiH o 
B3aHMHOH OH 3THX CHmajIOB, B COBOKynHOCTH c 
anpHOpHHM 3HaHHeM O BHfle HX OH, n03BOJIHIOT 
npHMeHHTb paccMOTpeHHbift HTepauHOHHbiH an- 

4. The prospects of the iterative 
algorithm application 

As was shown in [3], the correct joint 
estimation of coordinate and pola- 
rization parameters for spatially distri- 
buted time-fluctuating object is possible 
only using sounding flux, which matrix 
ambiguity function takes form of the 
identical transformation matrix. The 
generation of such fluxes is based on 
using orthogonal noise-like signals. In 
this case, the principal errors in BSM 
estimation are determined by cross cor- 
relation and sidelobe levels of the ortho- 
gonal signals. A priori knowledge on cross 
ambiguity function of these signals, in 
common with a priori knowledge on 
their AFs, allows to use the iterative 
algorithm above for increase of accuracy 
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Simulation of the Iterative Procedure. 

ropHTM ana noBbimeHHa TOHHOCTH (bopMHpye- 
MOH COBMeCTHOH OUeHKH KOOpßHHaT H MaTpH- 
UH pacceaHHH peaiibHbix PJT oöteicTOB. 

BbiBoaw 

1. PaCCMOTpeHHHH HTepaUHOHHblft MCTOÄ 
(pHJIbTpaUHH n03BOJiaeT yMeHblllHTb BJIHHHHe 
EJI CJIOMBIX cnrHajioB, oTpaaceHHbix OT 

oflHHOHHbix uejieft c OOJIMUOH 3IIP, npH 06- 
HapyxeHHH cHraanoB OT Maropa3MepHbix ue- 
jieft, KOTOpbie npH OOMHHOH KoppejiaiwoH- 
Hofi o6pa5oTKe cKpbitbi B 60KOBMX jienecncax 
OH Sojiee CHUMMX cHrHanoB. IIpH STOM ypo- 
BeHb 60KOBHX jienecTKOB o6pa6aTMBaeMbix 
OTpa>KeHHbIX CHI-HaJIOB CHHXaeTCH ÄO ypOBHfl 
uiyMa CHCTeMM. 

2. «njiaTOH» 3a BbiHrpwui HBJiaeTCH yBejiHHe- 
HHe BpeiweHH o6pa6oTKH Kparaoe m/ime- 
crey HTepauHft. 3TO B aaHHOM cjiy^ae He HB- 

jiaeTCH npHHUHnHajibHbiM orpaHHqeHHeM 
npn Hcnojib30BaHHH anropHTMa, nocKOJiwcy 
3KBHBaiieHTHbIH BblHrpHIII B nOfläBJieHHH BJI 
MoaceT flocraraTbCH Ha 3Ha<örrejihHO iweHb- 
uiHX 6a3ax CHrHana. 
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of joint estimation of coordinates and 
scattering matrix of real radar objects. 

Conclusion 

1. The considered iterative filtering 
method allows to decrease the side- 
lobes influence of compound signals 
reflected by single target with large 
RCS while detecting signals from 
small-sized targets, which are hid- 
den in AF sidelobes of more strong 
signals under common correlation 
processing. In this case, sidelobes 
level of the processed signals decrease 
to the system noise level. 

2 «Charge» for processing gain is 
increase of processing time multiple 
to the iterations number. It is not a 
principal limitation of the algorithm, 
since the equivalent gain in sidelobes 
suppression can be obtained with 
much less values of T-Af product of 
the signals. 
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The ambiguity function concept is expan- 
ded to case of vector space-time signals. 
Space-time ambiguity matrices of pola- 
rization synthetic aperture radars with 
simultaneous measurement of the back- 
scattering matrix have been derived 

1. BBCaCHHC 

IlpHMeHeHHe paflHOJIOKaiTHOHHMX CHCTeM c 
cnHTe3HpoBaHHOH anepTypoft (PCA) no3BOjiaeT 
nojiynaTb pa^HO/ioKaiiHOHHoe jraoGpaxeHHe c 
BbicoKHM pa3peiueHneM. flonojiHHTejibHoe HC- 

nojib30BaHne B Taicnx cHCTeMax HH<popMamin o 
nojiapn3auHOHHbix xapaicrepHCTHKax cnraajia 
no3BOJiHeT pa3JiHHaTb uejin c paajmiHbiMM no- 
JIHpH3ailHOHHbIMH CBOHCTBaMH, HTO 3HaHHTejIb- 
HO paCUIHpijeT B03MOXHOCTH PCA. 

BaacHeHiueH xapaicrepHCTHKOH THKHX CHcreM 
flB^flexcfl pa3peiiiaiomaH cnoco6Hocn>. Jlfla oueH- 
KH noreHUHaiibHOH pa3pemaiomeH CTIOCOOHOCTH 

B paflHOJIOKaUHH npHHOTO HCriOJIb30BaTb (pyHKUHK) 
HeonpeflejieHHOCTH (OH). Bo3HHKaer 3aaana 0606- 
meHHa KJiaccHHecKOH (pyrnaiHH HeonpeaejieHHO- 
CTH Ha cnynaH BeicropHbix npocrpaHCTBeHHO-Bpe- 
MeHHblX CHrHaiTOB,  MTO  n03B0J13eT  OUeHHBaTb 
pa3pemaiomyio cnocoßHOCTb cHcreMbi no BceM 
napaMerpaM, Hcnojib3ya QHHy 3Ty (pyrnarmo. 

3aflana flaHHofi paSora — ccpopMyjiupcraaTb 
noHJiTHe MaTpHUbi HeonpeaejieHHOCTH (MH) H 

nojiywrb ee Bbipaacemie flji« ncwrapH3auHOHHMX 
PCA C OflHOBpeMeHHblM H3MepeHHeM BCeX 3JIC- 
MeHTOB MaTpHUbi pacceamifl (MP) uejin. 

2. IIpocTpaHCTBeHHo-BpeMeHHaa MaTpima 
HeonpeaejiemiocTH 

OyHKUH» Heonpefle^eHHOcro CKarapHoro cvtr- 
Hana wx npoiraBOJibHoro Beicropa cymecTBeHHbix 

1. Introduction 

The use of synthetic aperture radars 
(SAR) allows to obtain high resolution 
images. Additional application of the 
signal polarization characteristics in such 
systems permits to distinguish targets 
with different polarization properties, 
that considerably widens SAR abilities. 

The resolution of such systems is the 
most important characteristic. The 
ambiguity function (AF) is usually used 
to estimate the potential resolution in 
radar. Thus, the classical AF should be 
generalized for the case of space-time 
vector signals. It would allow to estimate 
the system resolution by all parameters 
using only this one function. 

The main goal of the paper is to 
formulate notion of the ambiguity matrix 
(AM) and to find its expression for 
polarization SAR with simultaneous 
measuring all elements of a target's 
backscattering matrix (BSM). 

2. Space-time ambiguity 
matrix 

The ambiguity function of a scalar 
signal for an arbitrary vector of para- 
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Space- Time Ambiguity Matrix .. 

napaMerpoB ji MOXCT 6biTb onpe/iejieHa B BHße meters p. can be described by the auto- 
aBTOKoppejiHUHOHHOH rpyHKUHH KOMruieKCHoft aM- correlation function of the signal complex 
ruiHTyrrsi cumajia [1] amplitude [1] 

*F(Ap) = C J jÜ(t,p,^)Ü'(t,p,ii2)dtdp, (1) 

iTie p — Beicrop npocTpaHCTBeHHbix Koop/mHaT where p is a vector of antenna aperture 
anepTypbi aHTeHHH, C — HopMHpyioiUHH MHO- spatial coordinates,  C is normalizing 
xoiTejib. factor. 

ripeflcTaBHM KOMiuieKCHyio aMnjiHTyny nojia Let us describe the field complex 
B BHne Beicropa amplitude by the vector 

U(/,p,p) = 
£/,,(>, P,fi) 
ÜH(t,p,\i). 

ByneM TaKxe paccMaTpHBaTb o6o6iueHHyio (byH- Let us also consider the generalized 
KUHK> HeonpeflejieHHOCTH B mine CBepTKH Ü(7) ambiguity function as convolution of Ü(/) 
H S • If (0, we and S • Ü* (/), where 

- 2x2 MaTpnua, SKBHBaneHTHafl MaTpniie o6paT- is 2x2 matrix equivalent to target's BSM. 
HoropacceaHHsmejm. Bpe3yjTbTaTenojrvHaeMMaT- As a result, we get the matrix of the 
pHiry B3anMHbix dpyHKUHH HeonpcuejieHHOCTH ambiguity functions 

4*(AjI) = C 

rae 

Vyym Tw(ÄLl) 

where 

(2) 

co    co ou    uu 

xi,
yv(A\i) = Sn, J Jf/^(^p,fi1)?y;(/,p,p2)^p+5w J jÜy(t,p,ii})Ü'H(t,p,\i2)dtdp 

—CO —CO —CO —CO 

CO     CO CO     CO 

*w(Ap) = s,
w, j jüv(t,p,iii)ü;(t,p,yL2)dtdp+sm J j£7^(/,p,p1)f7;(/,p,ii2)dfrfp 

—CO —X -CO —CO 

CO     CO CO     CO 

*w(Ap) = S>r J Jl7w(/,p,p1)Ör;(/,p,ji2)rffrfp + 5ra J j£/w(/,p,p,)r/;(/,p,p2)dfrfp 
—CO -CO —CO -CO 

CO     CO 00     CO 

xijHH(A\i) = sHV J Jt/w(?,p,Li1)f/;(/,p,ii2)^p+5^ J" Ji7/,(/,p,p,)i/;(/,p,ji2)dfrfp 
—CO ~CC —CO —CO 

KoHKpeTH3HpyeM MaTeMaTHiecKyio MQnejib Making specific the mathematical 
CHraajia. PaccMOTpHM JiHHeHHbiH anynaH p = x, signal model, let us consider linear case 
anepTypy 3aaaflHM (pyrnanieH I(x). B 6ojibniHH- p = x, with the aperture described by 
CTBe peajibHbix cjiyqaeB CHrHan OT Majiopa3Mep- I(x). In the most real cases, the signal 
HöH uejiH MO>KHO npeflcraBHTb B BHfle [2] from small-sized target is written as [2] 

u(t,x) = l)(t, x) exp {/(oy + uxx)), 

me «x - npoeKHHH npocTpaHCTBeHHOH nacTOTbi. where «tis the spatial frequency projec- 
fljiH TaKofl MOflejiH ckajinpHaa o6o6meHHaH tion. For the model, the scalar generalized 
cbyHKUHH HeonpenejieHHOCTH npHHHMaeT BHU [2]    ambiguity function takes the form [2] 
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IIpocmpaHcmeeHHO-epeMeHHaHMampima ueonpedeneHHOcmu... 

oo   oo 

vP(x,Q,A^,Ax) = C J J|/(x)|2C/(/,x)f/'(?-t,x-Ax)exp{y(Q/ + AMIx)}ö?^,    (3) 

we x, Q, A« , Ax — pacconiacoBaHHe npHHHMae- 
Moro H onopHoro CHmanoB no BpeMeHH, nacTO- 
Te, yrjioBott H mmeüHoü Koop^HHaTe COOTBCT- 
CTBeHHo. 06o6meHHaji MaTpwua 
Heonpefle^eHHOCTH wn TaKoft MOflejra CHrHara 
onpeaejiaeTCH no aHanoran c BbiiuecKa3aHHHM. 

3. OaKTopH3aiuui npocTpaHCTBenno- 
BpeMeniibix (byiiKUHii HeonpeflejieimocTH 

B pum cnynaeB npocTpaHCTBemro-BpeMeHHafl 
4>yHKUHfl HeonpeflejieHHocTH MOXCT (baicropH3o- 
BaxbCH, TO ecrb MoxeT 6biTb npeflcraBJicHa B BHfle 

where T, Q, AUX, AX are differences of 
received and reference signals in time, 
frequency, angular and linear coordi- 
nates, correspondingly. The generalized 
ambiguity matrix for such signal's model 
is derived by analogy with above. 

3. Factorization of space-time 
ambiguity functions 

In some cases the space-time AF can 
be factorized, i.e. it may be written in the 
form 

«F(x,n, AM,, AX) = «Pr(t,Q)«Ps(A«Jt, Ax), 

npocrpaH rae »Pj. _ BpeMfl-iacTOTHaH, a *FS 

CTBeHHO-ynioBaH <PH. 
floCTaTOHHHMH yCJlOBHHMH <baKT0pH3aUHH 

3>H HBJIHJOTCH 
- (baKTopH3aiiHH KOMnjieKCHOH aMn^HTyflbi 

npocrpaHCTBeHHO-BpeMeHHoro cHmana, TO ecrb 
Ü(t,x) = Ü(t)-Ü(x), 

- He3aBHCHMocTb anepTypHOH (byrncm™ /(x) 
OT BpeMeHH. 

4. MaTpHua neonpeaejieHHocTH 
nOJ!HpH3aUHOHHOH  PCA 

PaccMOTpHM cdpoKycHpoBaHHyio PCA 6OKO- 

Boro o63opa. ByaeM cwrarb, MTO PJ1C ABHxeTCH 
paBHOMepHO H npaMOJiHHefiHO. OßbeflHHHB MO- 

MeHTbi npneiwa HMiryjibcoB, nojiyqHM 3KBHBajieH- 
THyio ÄHCKpeTHyio aneprypy [3] (CM. pnc. 1). Ma- 
TeMaTHiecKaa Mo^ejib CKannpHoro cnrHana B 

3TOM cjiynae npHHHMaeT cjieayromnH BHA 

*i>T and *FS are time-frequency where 
and space-angular ambiguity functions. 

The following conditions are suffi- 
cient for AF factorization 
- factorization of space-time signal's 

complex amplitude, i.e. 
Ü(t,x) = Ü(ß)-Ü(x), 

- time-independent aperture function 
/(x). 

4. Ambiguity matrix of polarization 
SAR 

Let us analyse a focused side looking 
SAR. It is supposed that the radar is mo- 
ving along linear path uniformly. Having 
joined instants of pulse reception, one can 
get an equivalent discrete aperture [3] (see 
Fig. 1). In this case, received scalar signal 
is written as follows 

ü(t,xf) = £/(/,x,)exp{2y<p#}exp{yY»0f}, (4) 

rae q>.=£A. — 3ana3flbiBaHHe <ba3bi, onpeaejiaeMoe    where (pl=kAj is a phase lag determined 
pa3HOCTbK> xoaa by propagation difference 

1     , 
A,. =A(u, *„//) = — x,. 

ywTMBaji (poicycHpoBKy B PCA, 3KBHBaneH- Considering the SAR focusing, the 
■man anepTypHaa cbyHKUHH onpeaejiaeTca BW- equivalent aperture function is deter- 
paxeHHeM J(x,)=exp{2/*A0}. H3 (3) caeayeT mined by j(x,)=exp{2/A:A?}. As follows 
BbipaxeHHe ana OH from (3), the AM expression becomes 

* = C*r(T,Q)I«xpJ2^ XlAu-±x?[\-yJ(\-Au2y] }-<*p{/^f}-       <5> 
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Space- Time Ambiguity Matrix ... 

PHC. 1.   reoMcrpHHecKHe cooTHomeHHH äJM PCA 6oKOBoro o63opa: 1 — uejib, 
2 - TpaeKTopHfl ÄBHxeHHH PCA, 3 - 4>a30Bbift 4>P0HT BOJIHM 

Fig. 1.    Geometrical configuration for side looking SAR: target (1), SAR 
motion path (2), EM wave phase front 

PaccMOTpHM cjiynan nojiapH3amioHHOH 
PCA C OflHOBpeMeHHblM H3MepeHHein MaTpH- 
UM pacceHHHH. B xaioix cHcreMax npsanoxsHo [4, 
5] HcnojiKJOBaTb cHraajibi B BHfle oproroHanbHbix 
OKM curaanoB, HanynaeMbix Ha oproroHanb- 
Hbix nojwpH3auHHx. ByaeM Hcncuib30BaTb B xane- 
CTBe KOMnoHeHT Oy (t) H ÜH (t) H3jry4aeMoro BeK- 
TopHoro CHinajia CHrHanM, MaHHnyjiHpoBaHHbie 
no (pa3e opToroHanbHbrMH m-nocjie,aoBaTejibHO- 
CTHMH. Ha PHC. 2 noKa3aHa Marprnja o6o6meH- 
Hbix (pyHKUHH HeonpeaejieHHOCTH B KoopzwHa- 
Tax A« ana cjiynaa 

"1    0 
S = 

0    1 

Let us consider a polarization SAR 
with simultaneous BSM measurement. 
For such systems it was suggestred to 
use orthogonally polarized time ortho- 
gonal PSK signals [4, 5] . Further, we 
will analyse the case when components 
Üy(t) and 0H(t) of radiated vector 
signal are PSK signals modulated by m- 
sequences. Figure 2 shows matrix of the 
generalized AF in coordinates A« for 
the following scattering matix 

*W VVH 

1 

0 Au 
1            1 1 - 

 - I - - J— - .__!_ 

VHH 

Au 

PHC. 2.  MaTpnqa HeonpenejieHHOcTH nojrapH3auH0HHoÄ PCA B KoopflHHarax AH 

Fig. 2.   Ambiguity matrix of polarimetric SAR in Au-coordinates 

4. Maipima HeonpcaejieHHOCTH 
HHTep<i>epeHiuiOHHOH noruipH3amioBBOM PCA 

4. Ambiguity matrix 
of interferometric polarization SAR 

B paccMaTpHBaeMOM cjiyjae cHcreMa OTJIH- In the given case, the system differs 
HaeTCH or onHcaHHOH Bbime cMcreMH TeM, HTO    from the described above by presence of 
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IIpocmpaHcmeeHHO-epeMeHHcm Mampuu,a neonpede/ieHHocmu... 

oHa HMeeTflBe aHTCHHM, pacnojiroKeHHbie Ha OCH, 
nepneHflHKyjiapHOM HanpaBJieHHio äBHJKCHHH 
PCA, Ha paccTOHHHH L apyr OT apyra. 

EyaeM CHHTaTb, mo cnnta™, npHHHMae- 
Mbie aHTeHHaMH, pa3JIHiaiOTCfl TOJIbKO pa3HO- 
cTbio xofla Ar=Z,cosß (npH HamioHHoft flajib- 
HOCTH r»L, ß - HanpaBJieHHe Ha uejib B 
n^ocKocTH aHTeHH). Flo aHajiorHH c (4) nojiy- 
naeM cHrHajibi B nepBoft H BTopoft ameHHax co- 
OTBeTCTBeHHO 

two antennas spaced at L distance along 
the axis perpendicular to the SAR mo- 
tion path. 

Let signals received in the antennas 
differ only by propagation difference 
Ar=I-cosß (when slant range r » L, ß 
corresponds to target direction in the 
antennas plane). Similar to (4), the 
signals at the antennas outputs can be 
presented in the form 

«i ('. *,) = Ü, ('> xi) exp {2jkA(u, H, x,)} exp {jvs0t},   u2 (t, x,.) = M, 
Ar 

-»** 

AjiropHTM o6pa6oTKH cHrHanoB B HHTeptpe- 
poiweTpax oöbiHHo cooTBeTCTByeT nepeMHoace- 
HHK) cHmanoB 

The signals processing algorithm in 
interferometers corresponds to the sig- 
nals multiplication 

ü(t,xl) = ü1(t,xi)-ü2(t,xi). 

B 3TOM cjiyqae CKanapHan (pyHKHHH Heonpene- 
JieHHOCTH 

So that the scalar ambiguity function 
becomes 

Vz=V{expi-J®o 
Ar 

rue 4*, cooTBeTCTByeT BbipaaceHHio (5). 
MaTpHita (pyHKnHM Heonpe,uejieHHOCTH (2) 

B KOop^HHaTax AH; Av=cosß, nojiyqeHHaa 
coraacHo (6) ßj\a cuynafl, cooTBeTCTByromero 
pHC 2, noKa3aHa Ha pHc. 3. 

(6) 

where 4*, corresponds to (5). 
Figure 3 shows the AF matrix (2) in 

coordinates AM; Av=cosß obtained accor- 
ding to (6) for the case presented in Fig. 2. 

Vw 

*HV 

PHC. 3.   MaTpHua HeonpeflejieHHOcra HHTeptpepeHUHOHHOii PCA B KOopÄHHaTax A«, Av 
Fig. 3.    Ambiguity matrix of interferometric SAR in A«, Av coordinates 

5. Pa3peuiaK>mafl cnoco6Hocn> PCA 
SoKOBoro H nepeaHero o63opa 

PCA nepejiHero o630pa (pnc. 4) (pyHKHHO- 
HHpyer aHanoraHHo paccMOTpeHHbiM cHCTeiwaM, 
HO MaxcHMyM ee rwarpaMMbi HanparuieHHOcra 
OpHeHTHpOBaH BflOJIb HanpaBJieHHH ,OBH>KeHHH. 

5. Resolution of side looking and 
forward looking SAR 

Forward looking SAR (Fig. 4) ope- 
rates in a similar manner as the systems 
above, but its pattern maximum is alig- 
ned along the motion axis. 
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PHC. 4.  TeoMeTpHHecKHe cooTHomeHHH aim PCA nepeflHero o63opa: 1 — uejib, 2 
Fig. 4.    Geometrical configuration for forward looking SAR: target (1), SAR (2) 

PCA 

JJjiH oueHKH yraoBofi pa3pemaioweH cnocoß- 
HocTO 6yaeM HcnoJib30BaTt (pyHKiiHio Heonpe- 
ae^eHHocTH B KoopjwHarax A«. 3anaya paccMar- 
pHBaeTca B oflHoft njiocKocTH (HanpHMep, B 
BepTHKaubHoft). 3axoH H3MeHeHHH 4>a3H no anep- 
Type fljia PCA nepezmero o63opa, cooTBeTCTBy- 
IOIUHH (pa3e 6erymen BOJIHM, onpeaejmeTCfl cjie- 
ayioiuHM o6pa30M [2, 3] 

In order to estimate the angular 
resolution, let us use the AF in co- 
ordinates A«. The problem is analysed in 
one plane (for example, vertical). The 
phase variation law in aperture of the 
forward looking SAR, which corres- 
ponds to traveling wave phase, is deter- 
mined as follows [2, 3] 

9   = T     = 9o+Yxcosa=% +   x (7) 

rfle X - jjyiHHa BOJIHM, r(x) - aanbHOcn. no uejra, 
KaK (byHKLWH KoopflHHaTbi PCA, q>0 - HanajibHaH 
dpa3a, a - yroji BH3HpoBaHHH, «^coscc H k=2n/X. 
y^HTbiBaa pacnpeflejieHHe (pa3bi, H3 (3), (4) 
nojiyMaeTCH BbipaxeHne fljia anarpaMMw Ha- 
npaMeHHOcra PCA nepejjHero o63opa 

where X is wavelength, r(x) is a target's 
range as function of x coordinate, q>0 is 
initial phase, a is aspect angle, «x=cosa 
and k=2n/X. Considering the phase dis- 
tribution, the forward looking SAR 
pattern is derived from (3) and (4) as 

^(Aw) =   | exp {2ik(ux - ux0 )}dx = 
s\n(kLAux) 

kLAur 

(8) 

rjje Au=ux-ux0, u^ cooTBeTCTByeT yniy a0, wra    where Au=ux-ux0, u^ corresponds to 
KOToporo cdpoKycnpoBaHa cHcreMa. system focusing angle ct0. 

w -i r— ™r" —   "■i r  1 ■■" 

1 2      ^^^ - */*"\ s*~ ' 
- 1 

0.5 

0 
1        1        1        1        1        1        1 

-OJ03      -OJ02      -0.01 ÜJ01        OJOa       OJ03     a,rad 

PHC. 5. HHarpaMMa HanpaBJieHHocra PCA nepejmero H 6oKOBoro o63opa: 1 — XVV 

2 - ¥2 npH a0=0, 3-H>2 npH a0=0,02 pa« 
Fig. 5.   Directional pattern of forward and side looking SAR: x¥l (1), x¥2 at a0=0 (2), 

V2 at a0=0,02 rad (3). 
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HapHC. 5 noKa3aHaflHarpaMMa HanpaaneHHO- 
CTH PCA nepeflHero o63opa XV2 npH a0=0 H 
a0=0,02 pafl B cpaBHeHHH c anarpaMMOH HanpaB- 
jieHHOCTH PCA 6oKOBoro o63opa T, (5) irpn Ann- 
He CHHTe3HpOBaHHH 50 M H ftJIHHe BOJIHbl 3 CM. 

3aKJnoieHHe 

B pa6oTe nojiyneHbi o6nme BbipaxeHna ana 
npocTpaHCTBeHHo-BpeMeHHbix MaTpwu Heonpe- 
ae^eHHocTH, a Taoce paccMOTpeHH npHMepbi 
TaKHX MaTpHU ana AByx BMHOB nojiapH3au.HOH- 
Hbix PCA. IlojiyHeHHbie pe3yjibraTbi no3BOJiaK>T 
MOfleJiHpoBaTb MaTpHUH HeonpeflejieHHOcra ana 
pa3JIHHiHbIX CHCTeM, 30HflHpyK)mHX CHrHaJIOB H 
MaTpwu oöparaoro pacceaHHa uenen. 3TO aaeT 
B03MoacHOCTb oueHHBaTb paspeinaiomyio cno- 
coÖHOCTb CHCTeM no pa3^HHHbiM napaMeTpaM c 
yMeTOM noJiapH3auHOHHbix COOTHOUICHHH Mex- 
ay npHHHMaeMWM H loJiyqaeMMM CHTHajiaMH. 

[1] 

[2] 

[3] 

JlHTepaxypa 

OajibKOBHH C.E. OueHKa napaMeTpoB cwr- 
Hana. - M.: COB. pazwo, 1970, 336 c 

EaioiHUKHH B.K., RDpbeB A.H. KoppeJia- 
UH0HH0-3KCTpeMaHbHbie MeTOflbl  HaBH- 
rauHH. - M.: PaaHo H cBa3b, 1982, 256 c. 

[4] 

[5] 

Figure 5 shows the forward looking 
SAR pattern »F2 at a0=0 and oc0=0,Ö2 rad 
compared with side looking SAR pattern 
*P, (5) at 50 m synthesis length and 3 cm 
wavelength. 

Conclusion 

In the paper, general expressions for 
space-time ambiguity matrices have been 
derived, and also examples of the 
matrices have been considered for two 
polarization SAR systems. The results 
obtained allow to simulate the ambiguity 
matrices for different systems, soun- 
ding signals and backscattering matrices 
of radar targets. It permits to estimate 
resolution of a radar system for different 
parameters, taking into account pola- 
rization relations between radiated and 
received signals. 
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npocmanu3upo6cmu mexHimeacue oepammeHun npu 
peanmamiu amopurrmoe o6pa6omKu cnodKHux cue- 
HOAoe e nojinpu3anuoHHbix PJIC c oduoepeMeHHUM 
umepemieM ecex 3neMenmoe Mampuuu o6pamnoao 
paccesmw, cen3aHHbie c ozpaumemwMU coepeMen- 
Hbix ebmucAumaibHbix ycmpoucme 

In the paper, technical restrictions caused 
by atmost abilities of computing devices are 
analysed under realization of processing 
algorithms of complex signals in polarization 
radars with concurrent measurement of all 
backscattering matrix elements 

noJiflpn3aunoHHafl PJIC KpOMe o6brqm>ix PJI 
napaMerpoB (aajibHocrb, floruiepoBCKaH cKopocrt) 
aoJDKHa ouemiBaTb nojurpirairtf oHHbie xapaKrepH- 
CTHKH MarpHUH o5paTHoro pacceHHHH (MOP) 

S = 

In addition to usual radar parameters 
(range, Doppler velocity) polarization ra- 
dar should estimate polarization para- 
meters of the backscattering matrix (BSM) 

"xy 

Syx      Syy 
(1) 

KOTopaa onncbiBaeT nojmyio KOMnjieKCHyio OT- 

pa>KaeMOCTb PJI o6bejcra H xapaKTepH3yeT ero 
no^flpH3auHOHHbie cBoncraa. 

HaH6ojiee nepcneicraBHbiM npH nocrpoeHHH 
COBpeMeHHHX nojiapH3aunoHHbix PJIC, HBJTH- 

eTca ajiropHTM oflHOBpeMeHHoro oneHHBaHHH 
Bcex aneMeHTOB MaTpHirbi o6paTHoro pacceHHHH 
paflHOJIOKaHHOHHHX (PJI) 06beKT0B c ncnojib- 
30BaHHeM BeKTopHoro cHraajia ii,(/), COCTOH- 

mero H3 KOMnoHeHT, opToroHanbHbix no nojin- 
pH3aHHH H MOKfly C060H [1] 

OueHKa MOP, onpeaejineMan H3 npHHHMae- 
Moro BeKTopHoro CHrnana 

describing full complex reflectivity of 
radar object and characterizes its pola- 
rization properties. 

Algorithm of concurrent measurement 
of all backscattering matrix elements of 
radar objects with using vector signal 
u,(0> which consists of orthogonally 
polarized orthogonal components [1], is 
the most perspective for application in 
modern polarization radars 

(0 
(0 

(2) 

The BSM estimate determined by the 
received vector signal 

*,(') = 
0ry(.t) 

3aBHCHT OT BHfla MaTpHHbi HeonpeflejieHHOcra    depends on the ambiguity matrix X(T,Q) 

X(T,Q) 
. S = J(T,Q) = S-X(x,n), (3) 
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aneMeHTaMH KOTopon HBJIHIOTCH aBTOKoppejifl- 
UHOHHbie H B3aHMHbie KOppeJIHUHOHHbie 4>yHK- 
UHH KOMITJieKCHblX OrHOaKMUHX KOMIIOHeHT BeK- 
TopHoro 30HOTpyiomero cnraajia 

which elements are auto- and cross- 
correlation functions of complex envelopes 
of the vector sounding signal components 

X/,(T,fi)=  Jtf„(Otf\,(f-T)<f **<//. (4) 

JJflH OflHOBpeMeHHOrO OflH03HaHHOrO oneHH- 
BaHHJi PJ1 onaiHKa Ha ruiocKocra «BpeMfl-iacro- 
Ta» MaTpHMHaa (pyHKmifl HeonpefleneHHOCTH flOJi- 
)KHa CrpeMHTbCH K MatpH^HOH fleJIbTa-cbyHKmiH 

Simultaneous and unambiguous esti- 
mate of radar response on the "time- 
frequency" plane requires the ambiguity 
matrix to tend to matrix delta function 

X(T,Q)^> 5(0,0) 
1    0 

0    1 

Xn    X2] 

A2]     X22 

(5) 

3T0My Tpe6oBaHHK> yaoBJieTBopaioT iiiyMono- 
ao6Hwe yum (pa30KoaoMo^yjiHpoBaHHbie (OKM) 
cHmajibi B (2), MoayjiHpoBaHHbie KBa3nopToro- 
HaJIbHHMH KOflOBblMH nOCJieflOBaTejIbHOCTHMH. 

H3-3a KOHeiHOH B3aHMHOH OpTOrOHajIbHOC- 
TH KOMnoHeHT 30H/Bipyiomero BeicropHoro cnr- 
Hajia BHeflHaroHajibHbie sjieMeHTM MaTpnnbi 
X(t,Q) CTaHOBHTCH HeHyjieBblMH  (rf^O) 

X(T,Q) = 5(T,Q) 

BejiHHHHa d xapaicrepH3yeT KOHeHHyio opToro- 
HanbHocTb KOMnoHeHT BeicropHoro cHraajia. OHa 
onpeÄeJiHeTCH miaccoM (ranoM) cnmajioB H HX 

6a3oft B=T-Af[3]. Zpm HOBbrx PJIC rnnnHHbiM 3Ha- 
neHHeM opToroHajibHOCTH HBJiHeTca d < -40 aE. 
3T0 flOCTKDKHMO npH HCnOJIb30BaHHH CHmaJIOB 
c GOJIMUHMH 6a3aMH (5 » i). Jlfln oöecneneHMH 
OTHOCHTejIbHOH TOHHOCTH -40 flB npHXOflHTCH HC- 
noJib30BaTb cwrHajibi c 6a30H i* 105. 

IIOMHMO nojiapH3auHOHHbix napaMeTpoB, 
PJIC aoJDKHa H3MepHTb c flocTaTOHHHM pa3pe- 
UieHHeM   06bIHHbie   KOOpaHHaTbl   H   CKOpOCTb. 
Pa3peuieHHe no aajibHocra AR coBpeMeHHbrx PJIC 
o6brano nemn B npea&rcax 0,5+5 M, HTO Tpe6yeT 
Hcnojib30BaTb cjioacHbie cnrHajiw, mnpHHa cneK- 
Tpa KOTopbix A/"« 50+500 Mru. IIpHMeHHTeJibHo 
K <J>KM cnraajiaM STO onpeaeJiHeT anHTejib- 
HOCTb sjieMeHTa Koaa T0=2+20 HC JJ^nrejibHocTb 
30HflHpyioruero <£KM cnraajia PJIC TS nponop- 
UHOHanbHa 6a3e cnmajia B H annTejibHocra 3Jie- 
Mema Koaa T0: I=B-I0. äJIH 3Ha*ieHHH 6a3bi cnr- 
Hajia H pa3pemeHHH no aajibHocra, VKa3aHHbix 
Bbiuie, flJiHTejibHocTb paflHOjioKannoHHoro cnr- 
Hana cocTaBHT TS«200+2000 MKC 

Bojibuiaa flJiHTejibHOCTb 3ommpyioumx CHma- 
JIOB 3aTpyflHHeT ncnojib30BaHHe TaKHX Tpaannn- 
OHHHX MeTOflOB pacuiHpeHHH flHHaMiwecKoro 

Noise like or PSK signals in (2) modu- 
lated by quasi-orthogonal code sequences 
satisfy to this requirement. 

Because of mutual orthogonality of 
the sounding signal components, off- 
diagonal elements in X(T,Q) become 
nonzero (d*0) 

1    d 
(6) 

d   \\ 

The value d characterizes finite ortho- 
gonality of the components. It is deter- 
mined by signals class (type) and their 
so called «base» B=T-Af[3]. The typical 
value is d < -40 dB for modem radars, 
when signals with a large base (5 » 1) 
are used. To provide the relative accuracy 
-40 dB, it is necessary to use signals with 
S*105. 

Besides polarization parameters, ra- 
dar should measure (with sufficient 
accuracy) coordinates and velocity. The 
range resolution AR of modern radars 
usually varies from 0,5 to 5 m, that requi- 
res to use complex signals with spectrum 
width A/"« 50+500 MHz. For PSK sig- 
nals Af defines duration of element of 
the code T0=2+20 ns. In this case, 
duration of the sounding PSK signal 
x =B-x0. For parameters mentioned 
above, the radar signal duration will be 
equal to x «200+2000 us. 

The large duration of sounding signals 
make difficult use of such typical method 
of dynamic range expansion of the radar 
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flnana30HanpHeMHoroTpaKraPJIC, KaxBAPy. FIo- 
OTOMy flHHaMHHecKHH flHana30H npHeMHoro TpaK- 
xa, a 3HaHHT H Bxofljnnero B Hero AUTI, JXOJIX&H CO- 

cTaauHTb 70 äE H 6ojiee. THmraibiM aBJiaerca 
Hcnonb30BaHHe B npneMHOM Tpaicre 6bicrpo,aeHCTBy- 
KMITHX AUTI c pa3peuieHHeM 12 6HT H 6onee. 

CoraacoBaHHHH npneM CJIOXCHMX CHrHajioB 
c 6a3aMH 104-^105 B UHcppoBOH cpopMe ocyme- 
CTBJiaeTCH nyTeM napaiuiejibHoro BbmHCJieHHH 
HeTbipex cßepTOK flßyx PJ1 OTKJIHKOB ürj(t), c 
flByMH OnOpHbIMH CHrHajiaMH Ü„(0 , COOTBeT- 
CTByiOIUHMH KOMnOHeHTaM H3JiyHeHHOn> BeK- 
TOpHOrO CHrHaJia, HMeiOmHMH £JIHTejIbHOCTH 7\ 
BbiHHCJieHHe CBepTOK HBJiaeTCH pecypcoeMKoft 
BbIHHCJIHTeJIbHOH npOHeflypOH. 3<p(peKTHBHMM 
cnocoöoM pacqeTa .HJIHHHHX CBepTOK flBjraeTca 
BbWHCJieHHe UHKJIHHeCKOH CBepTKH c Hcnojib- 
30BaHHeM BIIO [4]. 

OKM cHraaji c 6a3oft 5 onncbiBaeTcn KaK 
MHHHMyM L > 5 OTcneTaMH. Han6ojiee äJIHHHHH 

PJI OTKJIHK, Ha KOTOpOM eiUe B03M03CHa OflHO- 
3Hawaa oueHKa flajibHocra, co,o;epxHT 2L OT- 

CHeTOB. JJjin KOppeKTHOrO BbHHCJieHHH HHKJIH- 

qecKoß CBepTKH OH aojiaceH 6biTb flonojiHeH 
HHTepBaJIOM,  3anOJIHeHHHM  HyjIHMH,   BKJIIOHa- 
romeM, KaK MHHHMyM, L OTCHCTOB. BTOPOH CHT- 

HajT CBepTKH coaepacHT H3^yMeHHbIH CHTHajI, 
onHCbiBaeMHH L OTcneTaMH, H flonojmeHHe 
HyjiHMH &IIHHOH He MeHee 3L oTcneTOB. TaKHM 
o6pa30M, npouecc BHTOCjieHHH KaxflOH OTaejib- 
HOH CBepTKH CBOflHTCH K BblHHCJieHHKK 
1. KOMnireKCHoro cneKTpa H3JiynaeMoro cnrHa- 

jia flJiHHOH SB oTcieTOB; 
2. KOMnjieKCHoro cneKTpa npHHHToro cnrHana 

iUiHHOH SB OTcneTOB; 
3. B3aHMHoro cneKTpa npHHHToro H onopHoro 

CHTHajIOB flJIHHOH 85 OTCieTOB KaiKflblH; 
4. BpeMeHHoro OTKJiHKa KaK oöpaTHoro npe- 

o6pa30BaHHa Oypbe B3aHMHoro cneicrpa. 
IlepBHH mar BbinoJiHaeTca oflHOKpaTHO npn 

3anycKe PJIC (HJIH nocjie KajKjjoH oneparaBHOH 
CMeHbi cnrHana), uiarn 2-4 BbinojiHHiOTCH npn 
KaxyioM HHKJie H3JiyqeHHa/npHeMa. flna OKM 
CHinana, MoayjinpoBaHHoro m-nocjie/ioBaTejib- 
HOCTbK) flJIHHOH I=2I6-1= 65535 OTCHeTOB, WM- 
Ha peajiH3auHH, no KOTOPHM C noMombio BIIO 
pacc^HTbiBaeTca npaMoe H oöpaiHoe npeoöpa- 
30BaHH5i Oypbe, cocraBHT 512 KTOHCK. OnepaH- 
flbl npH 3T0M Ä0JDKHM 6bITb KOMnJieKCHbIMH. 

H3-3a BHCOKHX Tpe60BaHHH K ÄHHaMHHeCKO- 
My flHana30Hy uncppoBoro npneMHoro Tpaicra, 
BKJHonaiomero B ceöa nncppoBOH KOHBOJibBep, 
npHXOflHTCH yMHTHBaTb BJIHSHHe nOTepb TOHHO- 
CTH npn BbmHc^eHHHX BIIO. ToHHOCTb pacneTa 

receiver, as time AGC. Therefore, the 
dynamic range of the receiver including 
ADCs should make 70 dB and better. The 
use of high-speed 12-bit ADCs is typical 
in the radar receivers. 

The matched digital reception of 
complex signals with bases of order 
104-4-105 is carried out by parallel 
calculations of four convolutions of two 
radar responses urj(t), with two reference 
signals zi„(0, which correspond to 
components of the radiated signal with 
duration 7\ The convolutions are very 
time-consuming procedures. The calcu- 
lation of cyclic convolution by FFT 
method is an effective way of calculation 
of such convolutions [4]. 

PSK signal with the base B is 
described by L > B samples at least. The 
maximum radar signal (when unam- 
biguos range estimation is still possible) 
consists of 1L samples. The correct 
calculation of cyclic convolution requires 
for the signal to be added by sequence 
(L samples at least) filled by zeros. The 
second convoluted signal is the radiated 
signal described by L samples and added, 
at least by 3L zero samples. In order to 
calculate convolution, we need to deter- 
mine the following 
1. complex spectrum of the radiated 

signal (85 smaples); 
2. complex spectrum of the received 

signal (85 smaples); 
3. cross spectrum of both signals with 

85 smaples; 
4. time response as inverse Fourier 

transform of the cross spectrum. 
The first step can be done once, 

when the radar begins to operate (or 
after each signal replacement); steps 2 
to 4 are carried out during each cycle of 
radiation/reception. The length of time 
series, which are used in complex FFT 
and IFFT, equal to 512K samples for 
the case of PSK signal modulated by m- 
sequence (I=216-l=65535). 

Strict requirements to dynamic range 
of the digital receiver and digital con- 
volver demand to consider decreasing 
accuracy in FFT (IFFT) operations. The 
accuracy of integer FFT calculations 
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BnO Ha uejibix HHCJiax 3aBHCHT OT pa3pjmHOCTH 
onepaHflOB H naaaeT c vBejimeHHeM pa3Mepa 
HCXOÄHOrO MaCCHBa [5]. IlpH TaKHX£IIHHHbIX Bbl- 
6opKax BHHHCJieHHH npHfleTCH BecTH He Hafl ue- 
jibiMH HHCTOMH, a Hau HHCJiaMH c njiaBaiomeH 
TOHKOH, JIHÖO HCnOJIb30BaTb 64-ÖHTHyK) uejio- 
HHCJieHHyio apHtpMeraicy. 

AHajIH3 BMHHCJIHTeJIbHblX B03MOXHOCTCH Cy- 
mecTByroiUHX npoueccopoB noKa3ari, HTO Ha BW- 

HHCJieHHHX c rinaBaiomeM TOHKOH cHrHajibHbie 
npoueccopbi croibHo (Ha flecHTHHHMH nopsmoic) 
npoHrpbiBaiOT npoueccopaM oöruero Ha3HaHeHHfl 
(npHMeHfleMbix B nepcoHMbHbrx KOMnbiorepax). 
HcicinoHeHHe cocraRJunoT cneunanH3HpoBaHHbiH 
npoueccop PowerFFT, cpaBHHMbifi no npoH3Bo- 
flHTejibHOCTH c npoueccopaMH Opteron w Xeon [6]. 
Ho flaace caMbifl MOUTHUM coBpeMeHHHH npo- 
ueccop He cnoco6eH BbinojiHHTb BbiHHcneHHa B 

pexcHMe peajibHoro BpeMeHH. 
PacCMOTpHM OCOÖeHHOCHT (pyHKUHOHHpOBa- 

HHH PJ1C C nOJIHbIM nOJIÜpH3aUHOHHblM 30HJIH- 
poßaHHeM B pexcHMe peajibHoro BpeMeHH Ha npH- 
Mepe PJ1C «COMESA», npoeKrapyeMon IRCTR 
(ß,enh$T, HnflepJiaHÄbi) c yHacraeM IRCTR-SB 
(HUH PTCTYCyP). 9ra PJTC npeflHasHaneHaflJifl 
BepiHKanbHoro (HaioioHHoro) PJI 30HHnpoBaHHfl 
niflpo- MeTeo-o6pa30BaHHH (o&iaKOB, floayw H 

T.fl.) Ha qacTore f0 = 3300 Min. flna 3anaHHoro 
pa3pemeHna no flarabHocra AR=3 M nmpHHa cneK- 
Tpa 30HflHpyiomero CHina^a cocraBHT 50 Mru, ne- 
pHOA flHCKpeTH3auHH cnmanoB no BpeMeHH cocra- 
BHT t = 10 HC. H3 OToro cneayeT BeuHHHHa 6a3bi 
cHraana 5 = 65535. 

depends on the operands length and 
deacreses with increasing initial file [5]. 
In such case, we need to operate with 
floating point numbers, or to use 64- 
bit integer arithmetics. 

Analysis of existing processors has 
shown that specialized signal processors 
have much worse characterisitcs in 
floating point calculations in comparison 
with ordinanry processors used in PCs. 
The only exception is specialized pro- 
cessor PowerFFT comparable with 
processors Opteron and Xeon [6]. But even 
the most powerful processor is not 
capable to execute real time calculations 
for radar system. 

Let us consider a radar with full 
polarization analysis operating in real 
time by the example of "COMESA" 
radar designed by IRCTR (Delft, the 
Netherlands) and IRCTR-SB (RIRS 
TUCSR). This radar is intended for 
vertical (slanted) remote sensing of 
weather objects (clouds, rain, etc.) at 

70= 3300 MHz. For the given range 
resolution AR = 3 m and specrum width 
50 MHz, time sampling tf equals 10 ns. 
That corresponds to base 5=65535. 

TaÖJinqa. Bpeiww BbiHHCJieHHH En<5 MaccHBOB KOMiuieKCHLix nnceji oflimapHoft TOHHOCTH 

Table. FFT calculation time of complex number files of single precision 

THn npoueccopa 
(Processor type) 

BpeMH pacneTa, MC 
(Calculations time, ms) 

256 K TOHOC (samples) 512 K ToneK (samples) 

AMD Opteron 2.8 GHz 5,1 10,4 
Power FFT 100 MHz 5,426 10,844 
Analog Devices TigerShark TS101 250 MHz 1300 1500 

PacneT aneMeHrapHoro MaTpHHHoro OTKHH- 

Ka, coflepxamero 45-1 orcneTOB, aonxcn npo- 
H3BOflHTbCH HBJX MaCCHBaMH H3 85 = 512 K OTCHe- 
TOB. EcrecTBeHHo, HTO 4 arieMeHra MarpHHHoro 
OTKnHKa, T.e. HeTbipe CBepTKH, MoryT BbiHHcrorrb- 
ca napa^JieJibHO. BpeMH BMHHCJieHHH O/THOTO KOM- 

ruieKCHoro cneicrpa no anropHTMy Bn<J> jsm Mac- 
cHBa yKa3aHHOH .HJIHHM npHBeaeHO B Taojinue. 

M3 Ta6jlHUbI BHflHO, HTO JiyHUIHM COBpeMeH- 
Hbift npoueccop cnoco6eH BbinojiHHTb pacneT 

Calculation of elementary matrix 
response with 45-1 samples is used over 
85=512K samples files. It is clear that 
four matrix elements, i.e. four convo- 
lutions, can be calculated in parallel. The 
FFT calculation time for one complex 
spectrum of a series with the given length 
is shown in the Table. 

The Table data shows that the best 
modem processor is capable to perform 
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3a 5 MC, «rro B 4 pa3a 6ojibine nepnona nanyqeHHH. 
IlpH pacnapajinejiHBaHHH BbiHHCJiHTejibHoro aji- 
ropHTMa oueHHBaHHH MOP pjia o6ecneqeroiH 
pexHMa peanbHoro BpeMemi, norpeGyeTca 6o;iee 
30 npoueccopoB c Hanuyniiieö Ha HHHCIIIHHH 

MOMeHTnpOH3BOflHTeJIbHOCThK). EcTeCTBeHHO, HTO 
TaKOM BblHHCJIHTejDb peajIH30BaTb TpyflHO. 

IIOMHMO nepBHHHOH o6paöoTKH PJ1 onoiHKa 
(COrJiaCOBaHHOH dMJIbTpaiTHH) MrOpHTM (popMH- 
poBaHHH MarpHMHoro PJI onoiHKa MOJKCT BKJIIO- 

MaTb BTopHMHyio o6pa6oTKy, HanpHMep TOHHoe 
AonnepoBCKoe oueHHBaHHe. fljin cnoxHoro CHT- 

Hana c OTHTejibHocTbK) T =140 MKC (B = 8191 H 

T0=20 HC) H pjmau BOJIHM X=10 CM ,miana30H 
OflH03HaiHO H3MepaeMbix ÄOrUiepOBCKHX CKOpO- 
CTeÄ VBmax JiexnT B ÄHana30He ±1250 M/C. 3TO 

03HaHaeT B03MO>KHOCTb OflH03HaMHOrO H3Mepe- 
HH3 JJOnjiepOBCKOH CKOpOCTH B03flyiIIHOrO cya- 
Ha, cjieayiomero BCTpeiHbiM KypcoM, c 6opra 
üpyroro rpaamaHCKoro cyzwa. Pa3penieHHe no 
aoiuiepoBCKoß cKopocTH AVR npw 3T0M, ecre- 
CTBeHHO, 6yaeT He6ojibiiiHM. jJocraxeHHe 6ojib- 
llieft TOMHOCTH npH OljeHHBaHHH paflHaJIbHOÄ 
CKOpOCTH PJI O&beKTOB B03MO>KHO TOJIbKO npH 
o6pa6oTKe naHKH (nocneflOBarejibHocTH) CJITOK- 

Hbix CHraanoB. Run nojiyrerora TOHHOCTH oue- 
HHBaHHa aonjiepoBCKOH CKopocra oyR=l M/C B 

OIJHCaHHOH Bbiuie CHTyauHH, Heo6xoflHMO 06- 
pa6oTaTb naiKy H3 Ä=1250 OTIUIHKOB. 

Tlpoueaypa TOMHOTO aoiuiepoBCKoro ouemi- 
BaHHH npoH3BoflHTca no na^Ke npHHarax H O6- 

pa6oTaHHhix leTbrpbMH coraacoBaHHHMH (purib- 
TpaMH OTKJIHKOB. EcJIH paCCMaTpHBaTb 
BpeMeHHbie OTiaiHKH, C<pOpMHpOBaHHbie Ka)K0bIM 
coniacoBaHHbiM dmnbTpoM Ha otaejibHbix nepn- 
oflax H3JiyMeHHH/npHeMa, KaK cipoKH MarpHUbi, TO 

ee CTOJIöUH 6yayT coaepacaTb nocjieaoBarejibHO- 
CTH KOMIWeKCHHX 3HaHeHHH OflHOrO SJieMeHTa 
MOP B HecKo^bKHX nepHoaax H3JiyHeHHH H npn- 
eMa. PaccHHTaB cneicrp Oypbe TaKHX nocjienoBa- 
TejlbHOCTeH, MOXHO C BbICOKOH TOHHOCTbK) OUe- 
HHTb ÄOIUiepOBCKHÖ CneKTp COBOKynHOCTH PJI 
o&beicroB, pacnonojKeHHbix B oraejibHOM sneMeH- 
TC pa3peuieHHfl no aanbHOCTH. 

3aaaHHbie TexHHHecKHe Tpe6oBaHHa K PJIC 
«COMESA» HaflHana30H QzrH03HaHHO roMepaeMbrx 
paflHaJibHbix CKopocreft (V^^ = ±34 M/C) H pa3pe- 
uieHHe no aonJiepoBCKon CKopocra O>R =7 CM/C 

onpeaejiHJiH nepHOfl (OTHTejibHocTb) PJI cnraana 
T=t=\yifo MKC H OTHTejibHOCTb namcH 0,67 c. BTO- 

pHMHaa floruiepoBCKyio (proaTpaiiHfl nrxaoBonHT- 
CH no naHKe H3 512 OTKJIHKOB. MouiHOCTb BbWHc- 
rarrena, Heo6xoaHMoro arm BTOPJMHOH o5pa6oTKH, 
3aBHCHT or npoTJDKeHHOCTH HHTepecyiomero Hac 

calculations for 5 ms that 4 times much 
than the sounding period. In the case of 
parallel computing, real time BSM esti- 
mation requires more than 30 modern 
processors with the best efficiency. It is 
evident that such system is difficult to 
realize. 

The primary processing (matched 
filtering) can be added by secondary pro- 
cessing, for example, estimation of Dop- 
pler velocities. For complex signal with T 
=140 us (#=8191 and T0=20 ns) and 
wavelengths X=10 cm, the unambiguos 
Doppler velocity range VK)nax=± 1250 mps. 
It allows to unambiguosly measure 
Doppler velocity of civil aircrafts mo- 
ving by opposite course. In this case the 
Doppler resolution will be low. The more 
accuracy of radial velocity estimates can 
be achieved only by burst processing of 
of complex signals. To achieve the 
accuracy of Doppler velocity of order 
1 mps in the situation above, It is 
neccessary to process a pulse burst of 
tf=1250 signals. 

The procedure of exact Doppler 
estimation is made on a pack of the 
responses received and processed by four 
matched filters. If one considers the time 
responses generated by each matched 
filter on the separate periods of radiation/ 
reception as Ones of a matrix, then its 
columns will contain sequences of 
complex values of one element BSM in 
several periods of radiation and reception. 
Having calculated Fourier spectrum of 
such sequences, it is possible to estimate 
with high accuracy the Doppler spectrum 
of the radar objects set located in a 
separate range resolution cells. 

The requirements to "COMESA" 
radar (PÄBar

=!±34 km/s, Doppler velocity 
resolution vY=l cm/s) have determined 
the radar signal duration Ts=t = 1330 us 
and the burst duration of 0,67 s. The 
secondary Doppler filtering is perfor- 
med by burst of 512 pulses. The compu- 
ting power of a processor depends on 
the range extent, i.e. numbers of needed 
calculations of exact Doppler spectra. The 
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secondary processing cycle is much longer 
than matched filtering (1300 ms for 
"COMESA"), whereas the samples 
length for spectral estimation is small 
(512 samples), therefore requirements to 
the secondary processor are less strict. 
In "COMESA" radar, only one fast 
processor is capable to execute it. 

ynacTKa no flajibHocro, T.e. KojiHMecTBa BbWHOie- 
HHH ToqHbrx floruiepoBCKHX cneicrpoB. Bpeivw ww 
BMnojmeHHfl uHicna BTOPHMHOH o6pa6oTKH cyme- 
CTBeHHo ÖQHbuie, MOW npn coniacoBaHHOM npn- 
eiwe (zyra «COMESA» - 1300 MC), a mvma pea- 
JIH3aUHM   npH   CneKTpajIbHOM   OHeHHBaHHH 
HeBejiHKa (512 OTCHCTOB), noaTOMy TpeSoBaHHa 
K ycTpoftcTBy BTopHHHOH o6pa5oTKH HJCKe. B PJIC 
«COMESA» ee MoaceT BbinojiHHTb QOHH npoH3- 
BOflMTenbHWH npoueccop. 

IlpH nOBHIlieHHH BeHHHHHbl 6a3H CJIOXCHMX 
PJI CHraajioB c uejibio noBbimeHHH TOIHOCTH 

oueHHBaHH3 MOP, cjieflyer yHHTbiBaTh, MTO 3aT- 
paTw Ha BHHHCJieHHfl pacTyT He JIHHCHHO, a npo- 
nopuHOHanbHO CTeneHH äHHM BH6OPKH, 6ojib- 
lueH eflHHHuu. riosTOMy npeanoHTHTejibHbiM 
HBJIHeTCH HCnOJIb30BaHHe CHmanOB C MHHHMaJIb- 
HO B03MO>KHOH 6a30H, TÜK KaK npOH3BO,HHTejIb- 
HOCTb Bcex coBpeMeHHbix npoiieccopoB npn BH- 

HHCJieHHH KOMrmeKCHoro EIIO cymecTBeHHo H 

HejTHHeiiHo CHJüKaeTCH c yBCUHHeHHeM .nnHHbi 
BWOOpKH. 06jiaCTb HaHBHCUieH BblHHCJIHTeJIbHOH 
3(p(peKTHBHOCTH   npOUeCCOpOB  COOTBeTCTByeT 
anHHe BbiöopKH OT 128 no 8 K OTCMCTOB [7]. 

HecMOTpa Ha nepeHHCJieHHbie TpyflHocra 
MOHOHMnyjibCHoe H3MepeHHe B HacToauiee Bpe- 
MH MOP BO3MO«HO. IlpH 3T0M Ha flaHHOM s-rane 
pa3BHTHH BbiHHCjiHTejibHbix cpeflcra npmeTca 
0TKa3aTbCH OT HenpepbiBHoro oueHHBaHHH B pe- 
ajibHOM BpeMeHH H pa3,aejiHTb ero Ha flBe Hacro - 
peracTpauHio H o6pa6oTKy. Ylop, perHcrpauHeH 
noHHMaeTca H3JiyHeHHe H nocjienyioiiiHH npneM 
OflHOrO HJIH HeCKOJIbKHX PJI OTIOIHKOB (na4KH) 
c coxpaHeHHeM npHHHTbix CHraajioB B n,H<hpo- 
BOH dpopiwe. 06pa6oTKa npoH3BoaHTca no 3aBep- 
iiieHHio perHCTpauHH na«ncH. Ee npoacwDKHTejib- 
HocTb 6yfleT3aBHceTb or MOIUHOCTH Hcnojib30BaH- 
Horo BwqHCJiHTejiH. Jinn «COMESA» IIHKJI 

perHCTpauHH 3aHMer 1,3 ceicynabi, a UHIOI o6pa- 
6OTKH oflHonpoueccopHOH 3BM Ha 6a3e Intel 
Xeon 2,8 IT11 6yiieT /yiHTbCH OKOJIO 30 ceKynn. 
IlpH Heo6xoflHMocTH BpeMH o6pa6oTKH MoaceT 
6biTb CHHaceHo, HanpHMep, npn Hcno;ib30Ba- 
HHH cepHÖHHX MHoronpoueccopHbix 3BM. Ha- 
KoruieHHe .naHHbix npn peracrpauHH naHKH npo- 
H3BOÄHTCH B 03Y BMHHCJIHTe/lH, o6l>eM KOTO- 
poro oyaer HMCIT. BnojiHe npneMJieMMM. Jlfla PJIC 
«COMESA» OH cocTaBJiaeT 4 T6aHT. 
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It is necessary to take into account, 
that expenses for calculations grow not 
linearly, and are proportional to a sample 
length at increase of size of base complex 
radar signals with the purpose of increase 
of the BSM estimation accuracy. Therefore 
using signals with minimal possible base 
is preferable, as productivity of all modem 
processors at complex FFT calculation is 
essential and non-linearly reduces with 
increase in length of a sample. The area of 
the best computing efficiency of processors 
corresponds to the sample length from 128 
up to 8 K points [7]. 

Despite of the difficulties, mono- 
pulse BSM measurement is now possible. 
However, at the given stage it is necessary 
to divide real time processing into such 
steps as registration and processing. 
Registration is understood as radiation 
and subsequent reception of one or 
several radar signals (burst) with digi- 
tizing the received signals . Processing is 
made after burst registration. Its duration 
will depend on computing power of the 
processor. The registration cycle will be 
1,3 sec for the "COMESA" radar, and 
the operation cycle of single processor 
PC (Intel Xeon 2.8 GHz) will take about 
30 seconds. The processing time can be 
reduced, for example, by using standard 
multi-processor PC. The burst data accu- 
mulation is made in RAM of the 
processor. For "COMESA" radar tha 
RAM should be 4 Gb. 
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KoHuenuHH uncppoBoro npneMHHKa H 

MaTeMaTHHecKoe oöecneneHHe 
oöpaöoTKH ÄaHHbix B PJIC C UOJIHUM 

nOJiapH3aiIHOHHHM  30HAHpOBaHHeM 
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PaccMompeHbi ocoöeuHocmu nocmpoemm npuenmoeo 
mpaicma PJIC c nonnuM nompiaauMoimuM 30ndupo- 
eamieM c Hiiippoeoü o6pa6omicoii cuznana HO npoMe- 
OKymoiHoii nacmome. PaccMompenu ocoöennocmu 
Henocpedcmeeimoeo ebtdejiemm madpamyp ia cuz- 
Hanoe npoMesHymoHHoii nacmomu. IlpoaHanmupo- 
eanbi oipaHmemui coepeMeimbix ebtiuaiumaieü npu 
coznacoeaHHOM npuaue ai03KHbtx cmnanoe c 6OAUUU- 
MU 6O30MU e peoKiune pewibHoeo epauenu 

Digital Receiver Concept and 
Software for Data Processing in 
Complete Polarization Analysis 

Radar 

M.E. Rovkin, A.S. Surkov, 
D.M. Nosov 

IRCTR-SB, TUCSR 
Lenin Ave. 40, 634050, Tomsk, Russia 

E-mail: rovkin@orts.tomk.ru 

Design of a radar receiver with full (mono- 
pulse) polarization sounding and IF digital 
signal processing Li suggested. Features of 
direct IQ-components demodulation from 
IF signals are considered. Restrictions of 
modem processing devices are analysed 
for the case of matched real-time filtering 
of complex signals with large bases 

CoBpeMeHHbie paflHOjioKauHOHHwe MeTOflbi 
Tpe6yK>T JIHHeHHOM o6pa6oTKH npHHHMaeMbix 
CHraajiOB B ÄHHaMHHecKOM flHana30He nopnflKa 
80-^90 BB- B PJICflwcraHUHOHHoro 30HHHpoBaHHH 
Hecra6nnbHbix pacnpenejieHHbix o&beicroB c on- 
HOBpeMeHHblM OUeHHBaHHeM 3JieMeHTOB MaTpH- 
Ubi o6paTHoro pacceaHHH ncnoJib3yK>TCH CJKOC- 

Hwe cHmanw Anm-ejibHocrbio flec$mai H COTHH 

MKC C UJHpHHOH CneKTpa ÄeCHTKH H COTHH MTu.. 
06pa6oTKa CHraajioB B TaKHX PJIC HBjmiOTCfl KO- 

repeHTHO«, afloruiepoBCKaa (pHJibTpauHfl ncnojib- 
3yeTCH ana pa3pemeHHH KOMnoHem- pacnpeae- 
jieHHbix PJI o6i.eKTOB. 06ecneqeHHe BMCOKOH 

AHHaMHKH npneMHoro Tpaicra c KBaflparypHOH 06- 
pa6oTKOH B03MOXHO TOJibKO, ecjiH ero cflejiaTb 
npaKTHiecKH nojiHOcrao UHcbpoBbiM. 

B nocjieflHee BpeMH HHTCHCHBHO pa3BHBaiOT- 
CH MeTOflbi fleMOfly^HUHH KOMnjieKCHOH onn6a- 
lomen pa^HOHacTOTHoro cnrHarca, KOTOpbiH oKa- 
3anHCb nojie3HHMH npn nocrpoeHHH PJI TpaicroB 
npweMa c pacuiHpeHHbiM flHHaMmecKHM ÄHa- 
na30HOM. BxoflHHM CHraanoM y3Jia UHCppoBoft 
aeMOjtryjiHUHH KBaapaTypHbix KOMnoHeHT HBJIA- 

eTcfl paÄHOHacTOTHbiM cnman TIH, OT(pHJibTpo- 
BaHHblfl nOJIOCOBbIM (pHJIbTpOM (A, pHC.  1). 

riepBaa CTaflHH, T.e. ÄeMyjibraruieKCHpoBa- 
HHe, CBOflHTca B npoue^ype, ocymecTanaeMOH 

Modem radar methods demand the 
linear processing of received signals wi- 
thin 80>90 dB dynamic range. In radar 
remote sensing of non-stable distributed 
objects with using the simultaneous esti- 
mation of all elements of the backscattering 
matrix (BSM), complex signals with 
duration of tens and hundreds us, and 
tens and hundreds MHz spectrum width 
are used. The processing of such signals is 
coherent, and Doppler filtering is used 
to select components of distributed radar 
objects. The high dynamics of the receiving 
channel with /Q-processing is possible 
only for completely digital channel. 

Recently, methods of demodulation 
of complex envelopes of RF signal which 
became useful in designing radar recei- 
vers with expanded dynamic range have 
been intensively developed. Input signal 
for /Q-component digital demodulator 
is a radio frequency IF signal filtered by 
band-pass filter (A, Fig. 1). 

The first stage (de-multiplexing) is 
reduced to procedure carried out in the 
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B npocTeHineM cjiynae Haa qeTBepKOH nocjie- 
JIOBaTejIbHO B3HTHX OTC4CTOB cHraafla 5p  52, 
Sv 54, roe S, = Sz'~l. Ylpn STOM OUCHKH KBaa- 
paTyp BbiHHCjiHiOTCH KaK I^S^Sy Q=S2-SA. 
OaKTHqecKH npoH3BOflHTCH ÄBe onepaiiHH 
- pa36HeHne 4 OTCICTOB Ha qerabie H HeneT- 

Hbie, T.e. Ha 2 napbi; 
- BHHHTaHHe H3 nepßoro oTcneTa KaacnoH 

napw BToporo oTcqeTa. 
Ha nocjiezmeM arane aeMOAyjunrjoi npoH3Bo- 

ÄHTCH HH3KOHaCTOTHaa dpHJIbTpaUHH.  IlpH 3T0M 
nonaBJunoTCH 3epKanbHbie KOMnoHeHTbi cneKTpa. 

simpliest case above four consistently 
sampled signal samples: S{, S2, Sp SA, 
where S. = S Z".M. Thus, the quadrature 
estimates are calculated as I=Si-Si, Q=S2- 
SA. In fact, two operations are performed 
- separation 4 samples into even and 

odd, i.e. into 2 pairs; 
- subtraction the second sample of 

pairs from the first samples. 
At the last stage of demodulation LF 

filtering is performed, which suppresses 
mirror components of the spectrum. 

B 
IQdemux    | I   digital filter I 

W"\   D   i—|    ij 

PHC.  1.    IjHCppOBOH ÄeMOÄVJIHTOp KBaflpaTVpHblX 
KOMnOHeHT 

Fig. 1.    Digital demodulator of quadratures 

HejiHHeftHOCTb iiHdppoBoro fleMOflyjiHTopa 
npaKTHHecKH nojiHocrtio onpeaejiaeTca HejiH- 
HeftHocTbio AUn. YpoBeHb napa3HTHOH rapMO- 
HHKH, xapaKTepH3yioinHH HejiHHeHHOcTb 3-ro 
nopaflKa, fljifl jrymuHX aHajioroBbix fleMoayjiHTO- 
poB cocTaanaeT -40 RB, ypoBeHb no6oHHbix rap- 
MOHHK COBpeMeHHHX ALIII COCTaBJIHeT -70 flE H 
MeHee. HanHHHe TaKHX npeHMymecTB npHBejio K 

noHBJieHHio B nocjieflHHe 3 ro^a cepHHHbix BHC 
6bicTpofleHCTByiourHX ALin, onTHMH3HpoBaHHbrx 
ana pa6oTbi no cHraany OH [1, 2], H BHC uncb- 
poBbix dpmibTpoB [3], ocymecTBJiaioruHX BM^e- 
jieHHe KBaapaTypHbix KOMnoHeHT H3 BbixoflHoro 
noTOKa ÄaHHbix ADJI [3, 4], KBanryiomero pa- 
ilHo^acTOTHbiH CHraaji. 

IlpH dpopMHpoBaHHH KBaflpaTVpHMX KOMnO- 
HeHT Ha riH ee 3HaneHHe IF cBH3aHO c nacTo- 
TOH KBaHTOBaHH» AU,!! fs H nOJIOCOH BXOflHOrO 
cwrHajia AF cooTHouieHHeM 

Nonlinearity of the digital demodu- 
lator is practically fully determined by 
ADC nonlinearity. The level of parasitic 
harmonics, describing nonlinearity of 3-rd 
order, for the best analog demodulators 
makes -40 dB, the level of spur harmonics 
for modern ADC makes -70 dB and less. 
During the last 3 years, such advantages 
have resulted in serial LIC of high-speed 
ADC, optimized for work with IF signal 
[1, 2], and LICs of digital filters [3] which 
form /Q-components from output ADC 
data flaw [3, 4] quantizing RF signal. 

While forming IQ-components at IF, 
its value IF is connected with ADC 
sampling frequency fs and input signal 
bandwidth AF as follows 

fs=4IF/(2M-\),   M = \,2,3...,    /S/2<2AF 

3HaneHne HecyrneH FR He o6a3aTejibHo flOJi- 
JKHO 6biTb B 4 pa3a HKHce qacTOTbi KBaHTOBarow 
ALin. HeTbipe OTCHeTaflOJDKHbl npOH3BO,UHTbCH 3a 
HeHeTHoe HHCJIO nepHOflOB flH, T.e. 1, 3, 5 H T.ä. 

The IF value is not necessarily be 4 
times lower than ADC sampling frequency. 
Four samples should be made for odd 
number of IF periods, i.e. 1, 3, 5, etc. 
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KoHu,enu,un u,u(ppoeozo npueMHwea 

/JeMOflyjiHUHH B nepBOH 30He HaftKBHCTa HeBH- 
roflHa, T.K. npn 3TOM pe3KO B03pacTaiOT Tpe6o- 
BaHHa K 6bicTpofleftcTBHK) (BpeMeHH npeo6pa- 
30BaHHfl) M\Tl. B nepBofi 30He HaftKBHCTa 
qaCTOTa KBaHTOBaHHH AUJl flOJDKHa 6bITb  B 4 
pa3a Bbime HecymeH, ww 3OHH HaHKBHcra N Tpe- 
6yeMaa MacroTa TaicrapoBaHHfl AIJ,n Fs„ 6yaeT 
HHJKe, qeM njw oiynaa nepBoft 3OHH. flna PJI cnr- 
Hana c nojiocoH 50 MI"u H Hecyinen 400 MIX 
HaCTOTa TaKTHpOBaHHH AHJI flJIH 4-OH 30HH Haft- 
KBHCTa cocTaBHT 230 MIu. 

YKa3aHHbiH cnoco6 BbwejieHHa KBaapaTypHbrx 
KOMnoHeHT HMeeT cymecTBeHHbifl HeflocraTOK. 
OproroHanbHocTb ccbopMHpoBaHHbix KBaapaTyp 
a6cojiK)THa TojibKO npn paBeHCTBe MacroTbi 
BxoflHoro cHraana Hecymew. Tljm BBeaeHHH qac- 
TOTHOH oTCTpoftKH nponcxonHT paccoraacoBaHHe 
KBaflpaTypHoro 6a3Hca aeMOflyjurropa oTHocnTejn>- 
Ho qacTOTbi BxoflHoro CHraana. IlpH H3MepeHHH 
KBaapaTypHbix KOMnoHeHT /-OH cneicrpajibHOH 
KOMnOHeHTbl,  aOCOJUOTHM  OTCTpOHKa KOTOpOH 
no nacTOTe paBHa Af; OTHOCHTejibHO HecymeH 
f0, HTO BefleT K B03HHKHOBeHHK> Cpa30B0H OUIH- 
6OK Acp, Be^HHHHa KOTopbix paBHa Acp = 2nA/J//J 
= 2nbfi(piic.2). 

Demodulation in the first Nyquist zone is 
unprofitable, since such requirements to 
ADC speed (its time of transformation) 
sharply grow. In the first Nyquist zone ADC 
sampling frequency should be 4 times higher 
than carrier, for the iV-th zone the 
required FSNwiü be less than for the first 
zone. For radar signal with 50 MHz 
bandwidth and 400 MHz carrier, ADC 
sampling frequency equals to 230 MHz 
for the 4-th Nyquist zone. 

The given way of IQ-components 
demodulation has essential drawback. The 
quadratures orthogonality is ideal only for 
equal frequencies of input signal and carrier. 
The frequency offset leads to quadrature 
basis mismatching of the demodulator 
relatively frequency of the input signal. At 
measurement of IQ-component of /-th 
spectral component, which absolute 
frequency offset equals to A/), there 
appears a phase error Acp = 2mA f.Jfü = 2%?>ri 

(fig. 2). 

P'.dB 

150   /Hz 

PHC. 2.   Cneicrp cHraajia c 3epKanbHWM H3o6paxeHneM npn 
HaCTOTHOtt OTCTpOÜKe 1% (F - OTHOCHTejIbHaH MOmHOCTb) 

Fig: 2.    Signal spectrum with mirror image at 1% frequency shifting (P* 
is relative power) 

HajiHHHe (pa30Boft OUIH6KH npn KBaapaTyp- 
HOH fleMOfly^fflUHH npHBOflHT K B03HHKHOBCHHK) 
3epKaribHOH KOMnoHeHTM B cneKTpe oiteHOK 
KBaflparypHbrx KOMnoHeHT, orcyTCTByiomeH B cneK- 
Tpe aHajiH3HpyeMoro cHinajia. BnHHHHe cpa30Bbix 
omHÖOKXopouio H3y>ieHO [4]. OraocHTenbHbiH ypo- 
BeHb 3epKam>HOH cocraBJiaromeH cneicrpa L, BH3- 
BaHHOH (ba30BOH OLUH6KOH A<p, onpeaejiHeTca 
OTHOUieHHeM 

' 1_+ 
1- 

L = 20-lg 

The phase error results in appearence 
of mirror component in the spectrum of 
IQ-component estimates. The influence of 
phase errors is well investigated in [4]. The 
relative level of the mirror component 
caused by the phase error Acp is defined 
by the relation 

,±y'A<p 

±yA<p 

OTCioaa HeTpynHo Haft™ BbipaxceHHe äJIH 

JIOnyCTHMOH BeJIHMHHbl qaCTOTHOH OTCTpOHKH 
It is easy to find expression for 

acceptable frequency offset 
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8/=cos-1(l-0.5-10i/20)/27r. 

Ha pHC. 3 npHBeaeHa 3aBHCHMocn> MaKCH- 
MaJIbHO flOnyCTHMOH OTHOCHTeJIbHOH HaCTOTHOH 
oTCTpoöKH OT aonycTHMoro ypOBHH 3epKanbHoö 
cneKipanbHOH KOMnoHeHTbi. 

Figure 3 shows dependence of maxi- 
mum allowable relative frequency offset 
versus allowable level of the mirror 
spectral component. 
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PHC. 3.   MaKCHManbHaa nacTOTHaa oTCTpoftKa B 3aBHCHMOCTH OT oTHOCHTejibHoro 
ypOBHH 3epKajIbHOft KOMnoHeHTbi 

Fig. 3.    Maximum frequency shifting versus relative level of image frequency 

HTO6H OTHocHTeJibHbifl ypoBeHb 3epKajibHoft 
KOMnoHeHTbi He npeBMUian -60 pB, Heo6xo,zm- 
Mo o6ecneHHTb HacroTHyio oTCTpoftKy He 6oJiee 
0,5% OT HecymeH. GieayeT OTMeraTb, HTO yxa- 
3aHHafl   OUTHÖKa  B03HHKaeT  npH   H3MeHeHHH 
MrHOBeHHoö nacTOTbi aHajiH3HpyeMoro CHraana. 
BwcoKHe Tpe6oBaHHH K pa3pemeHHio no aajib- 
HOCTH, npeÄbHBJifleMbie K coBpeMerorbiM PJIC, 
B TOM HHOie H nojiapHMeTpmecKHM, onpeflejra- 
K)T urapoKHe nojiocbi ncnojib3yeMbix B HHX CHT- 

HajioB - OT 50 so 500 Mln. IloaTOMy unqbpoBOH 
MeTOfl  BblflejieHHfl   KBaflpaTypHblX KOMnOHeHT 
ManonpHrofleH ma Hcnojib30BaHHH B npHeMHbix 
TpaKTaX PJIC C IIIHpOKOnOJIOCHblMH CHTHaJiaMH 
JWM. Jlfla BbwejieHHH KBaflparypHbix KOMnOHeHT 
niHpoKonojiocHoro cnmana JIHM B UH(bpoBOM 
Tpaicre cne^yeT Hcnojib30Ban> nrapoKonojiocHbiH 
BH 4>a30BparnaTejib. BJIHHHHC HacTOTHofl OT- 

CTpOHKH,  Bbl3BaHHOH flOILTiepOBCKHM  CflBHTOM 
cneicrpa oipaaceHHoro cHrHajia, HeBejiHKo. Ha- 
npHMep, üoroiepoBCKHÖ cmwir PJI oTpaxaTejiH 
co cKopocTbK) 3M He npeBbiiiiaeT ,aec«TKOB KFII 

HJIH CaHTHMeTpOBblX flHana30HOB. 
PaCCMOTpHM UHCbpOBOH npHeMHHK nojwpH- 

MeTpmecKOH PJIC c oflHOBpeMeHHHM H3Mepe- 
HMeM MOP Ha npHMepe npneMHoro Tpaicra PJIC 
«COMESA», KOTOpa« co3flaeTCH B IRCTR 
TUDelft (flejibdrr, FojuiaHflHa) npn aKTHBHOM 
yHacTHH IRSTR-SB (HHH PTC TYCyP, TOMCK). 

Ha PHC. 4 noKa3aHa crpyicrypHaH cxeMa uiiqVpo- 
Boro npHeMHHKa. 

The frequency offset less than 0.5% 
should be realized in order to obtain 
the relative level -60 dB of the mirror 
component. The given error arises under 
changing instant frequency of the analyzed 
signal. High requirements to range reso- 
lution in modem radars, including polari- 
metric systems, determine wide spectrum 
(50 to 500 MHz) of the signals. Therefore, 
the digital method of /ß-components 
demodulation can not be used in radar 
receivers with UWB FM-CW signals. It 
is necessary to use broadband HF phase 
shifter for IQ-component demodulation 
of broadband FM-CW signal in a digital 
receiver. The frequency offset influence 
caused by Doppler shift of the reflected 
signal spectrum is insignificant. So, the 
Doppler shift of a radar reflector with 
3M velocity does not exceed tens kHz 
for X-band. 

Let us consider digital receiver of the 
"COMESA" radar which is under 
construction in IRCTR (TUDelft, the 
Netherlands) with active participation of 
IRSTR-SB and RIRS TUCSR. Block 
diagram of the receiver is shown in Fig. 4. 
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Oco6eHHOCTHMH 3T0IX) npHeMHHKa HBJIHIOTCH: 
- npHMafl UH<J)poBaH aeMOfljromHH KBanparypHbrx 

KOMnoHeHT; 
- pa3fle^eHHe npoue^yp peraerpauHH H o6pa- 

6OTKH BeicropHoro PJI oTiüiHKa; 
- B03M05KHOCTb pa6oTbi no paajiHHHMM miac- 

caM CHraanoB; 
- peajiH3auHH o6pa6oTKH B peanbHOM BpeMeHH 

npH pa6ore c JIHM cnraanaMH. 
B PJIC npeflycMaTpHBaeTca B03MoxHocTb HC- 

nOJIb30BaHHH npaKTHMeCKH jnOÖblX 30HÄHpyK)IUHX 
CHrHajioB, uiHpHHa cneicrpa KOTopbix He npe- 
Bbimaer 50 MIu c 6a30H flo 217. 

HecMOTpa Ha npHHUHnHajibHbie HeflocraT- 
KH, BW3BaHHbie HeB03MO)KHOCTbK> OflHOSHaHHOrO 
OIjeHHBaHHH flajTbHOCTH H flOIIJiepOBCKOH CKOpO- 
CTH, OflHOH H3 nOJie3HbIX OCo6eHHOCTeH JIHM 
cmma/ioB HBJiHercH B03MO)KHocTb opraHH3auHH 
HX coraacoBaHHoro npneMa B pexHMe peajibHO- 
ro BpeMeHH. OHa 3aioiiOHaeTca B BbmejieHHH cwr- 
HajIOB 6neHHH MCXJiy H3JiyHeHHbIM H npHHHTbIM 
JIHM cnraanoM H ero nocjieayiomero cneicrpajib- 
Horo aHajiH3a. PaccHHTaHHbifi cneicip CHrHajia 
6HeHHH npeflCTaBJiHeT CO6OH oueHKy PJI OTKJIH- 

Ka Ha oflHOM nepHo^e HäJiyreHHH. TaKaa cxeMa 
Hcno^b30Bajiacb B npneMHbix TpaKTax PJIC 
«DARR» H «TARA», C03flaHHbrx B IRCTR B 90-e 
roabi H npeflHa3HaHeHHbix ana BepraKajibHoro 
30HflHpoBaHHa o6jiaKOB H ocamcoB. OIIIH6KH KO- 

OpÄHHaT,   B03HHKaK)mHe  npH   30HflHpOBaHHH 
BepTHKajibHbix cnoeB, H3-3a Majibix paawanbHbix 
CKopocTeft a^eMeHTapHbix oTpaxarejieH, o6pa- 
3>TOmHX 3TH CJIOH, OTHOCHTCIIbHO HeBeJIHKH H 
He  HB/IHIOTCH   npHHUHnHaJIbHMMH  B  flaHHMX 
npHioiaflHbix 3aaaiax. Ha pnc. 5 npHBefleHa cxe- 
Ma BbiMHC^HTejiH peanbHoro BpeMeHH, (bopMH- 
pyiomero nepBHHHbie PJI OTKJIHKH, COOTBCT- 

CTByiomHe neTbipeM ajieMemaM MOP. 
Ilpoueaypa (pmibTpauHH CHmanoB 6HCHHH 

BbinojiHaer 4>yHKHHio cejieKUHH no aajibHocra H 

no3BOJiHeT cHH3HTb nojiocy cHraajioB, aHaiiH3H- 
pyeMbix Oypbe-npoueccopaMH ao BCJIHHHH, no- 
3BojiaromHX o6pa6aTWBaTb HX cymecTByiomHMH 
cpeflCTBaMH. TaKoe pemeHHe HBJiaeTCH npneM- 
jieMbiM KOMnpoMHccoM, noTOMy, HTO mm pe- 
UieHHH npMIOiailHblX 3aflaHÄHCTaHUH0HH0r0 30H- 
AHpoBaHHH He Tpe6yeTCH aHanH3HpoBaTb Becb 
ÄHana30H flajibHocTefi. HanpHMep, nnx 30HflHpo- 
BaHHH o6jiaKOB H OCaHKOB nOJIHpHMeTpHMeCKOH 
PJIC, pacnojioxeHHOH Ha noBepxHocra 3CMJIH, 

aocTaTOHHbiM aBJiaerca ÄHana30H flajibHocTea 
0^-6 KM, HTO no3BOJiaeT CHH3HTb nojiocy aHanH- 
3HpyeMoro cnraana 6HCHHH C 50 flo 1,6 Mru H 

peajiH30BaTb HenpepbiBHyio o6pa6oTKy B peacH- 
Me peanbHoro BpeMeHH. 

Its features are the following 
- direct digital demodulation of IQ 

components; 
- separation of registration and pro- 

cessing of the vector radar signal; 
- possibility to work with various sig- 

nals classes; 
- realization of real time FM-CW 

signals processing. 
The radar provides a possibility to use 

any sounding signals, which spectrum 
width does not exceed 50 MHz and base 
is less 217. 

In spite of basic drawbacks caused by 
impossibility of unambigous estimation of 
range and Doppler velocity, one of the 
useful features of FM-CW signals is the 
opportunity to organize their real time 
matched filtering. It consists of receiving 
of beat signals between the radiated and 
received FM-CW signals and its subsequent 
spectral analysis. The calculated spectrum 
of the beat signal represents the estimate 
of radar response within one period of 
radiation. Such technique was used in 
"DARR" and "TARA" radars designed in 
IRCTR in the nineties and intended for 
vertical sounding of clouds and rains. The 
coordinate estimation errors arising while 
sounding vertical layers are rather small 
and do not lead essential problems be- 
cause of small radial velocities of elemen- 
tary reflectors consisting these layers. 
Figure 5 shows processing unit for real 
time forming the initial radar responses, 
corresponding to four BSM elements. 

The filtering procedure of beat signals 
carries out range selection and allows to 
decrease bandwidth of signals analyzed 
by Fourier-processors. Such design is a 
comprehensible compromise, since 
applied problems of radar remote 
sensing do not require to analyze all 
possible range. For example, range from 
0 to 6 km is sufficient for sounding of 
clouds and rains by ground-based 
polarization radar, that allows to 
decrease the spectrum width of the 
analyzed beat signal from 50 MHz to 1.6 
MHz and realize continuous real time 
processing. 
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PHC. 5.   06pa6oTKa JIHM cnrHajiOB B UH^POBOM TpaKTe no.rrapH3aiiHOHHOH 
PJIC C OflHOBpeMeHHbIM H3MepeHHeM MOP 

Fig. 5.    LFM-signals processing in the digital receiver channel of polarization 
radar with simultaneous measurement of BSM's elements 

Yam CTyneHeft ujidppoBoro rhopMHpoBaHHH 
cHraajioB 6HeHHH, HX (punbTpamm H nepeBoaa 
B dpopMaT c ruiaBaKMueH TOHKOH (1-3, puc. 5) 
Moryr 6biTb cnpoeicrapoBaHH M 3anporpaMMH- 
poBaHbi B npocTpaHCTBe BeHTWieft coBpeMeHHbix 
nJIM. PacneTbi noKa3WBaioT, HTO BbmHcjiHTejib 
peajibHoro BpeMeHH, cnocoSHbin ocymecTBJiHTb 
o6pa6oTKy cHrnanoB npH npHeMe JIHM ennm- 
JIOB, BnoJiHe peajiH3yeM Ha cepHHHoii, XOTA H 4- 
npoueccopHoft 3BM. ToHHoe aoruiepoBCKoe oue- 
HHBaHHe oöecne^HBaeTca OAHHM npoueccopoM 
Knacca Pentium-4 3 ITu. 

The units of digital formation of the 
beat signals, their filtering and translation 
to floating point data (1-3, Fig. 5) can be 
designed and programmed with using 
gates of modem FPGA. The calculations 
show that real time computing device, 
capable to process FM-CW signals, can 
be realize on standar, though also 4- 
processor, PC. Exact Doppler estimation 
is provided with one processor system 
Pentium 4 (3 GHz). 
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ITpHBefleHH CTpyKTypHM cxeMa H xapaicre- 
PHCTHKH HeKOrepeHTHOH nOJl»pH3aHHOHHOH PJTC 
3-CM flHana30Ha ma H3MepeHH» MaTpmrbi pac- 
ceaHHH uejm KOCBeHHbiM MeroflOM. PJIC Hcnojib- 
3yeT ana H3JiyMeHiw H npneMa paflHojioKamioH- 
Hwx cHraajioB TpH nojiHpn3auHOHHBix 6a3Hca: 
KpVTOBOH nOJIflpH3aUHOHHblfi[ 6a3HC, JIHHeHHblH 
nojiapH3auHOHHHH 6a3HC BepraKanbHOM H ro- 
pH30HTanbH0H nojiapH3airM H3JiyHaeMoro H npn- 
HHMaeMoro CHraajioB, a TaraKe JIHHCHHHH no- 
jiapH3auH0HHHM 6a3HC cHrHajioB, H3jiyHaeMbix 
H npHHHMaeMbix nofl yrjioM ±45°. IlepeianoHeHHe 
nojuipH3auHH HajryraeMoro cumana npoH3Bo,irHTca 
nocneflOBarejibHo BO BpeMeHH. IlpHeM CHmajioB, 
OTpaaceHHbix uenbio, npoH3Bo;rHTca napamiejib- 
Ho, He MeHee nein no 4-M Kauanau npweMa nojia- 
pH3auH0HHbrx KOMnoHeHT orpaaceHHoro cHraana. 

fljia H3MepeHHa xapaicrepHCTHK pacceaHHa 
Hejieii B BHfle nojwpH3auHOHHofi MarpHUbi pac- 
ceaHHa B HexorepeHTHbrx PJIC Hcnojib3yeTca KOC- 

BeHHblH MCTOa H3MepeHHH napaMCTpOB MaTpHUbl 
pacceaHHa nejni, 3aKnioHaiomHHca B nocjieflOBa- 
TejIbHOM H3MepeHHH OTHOCHTeJIbHOrO ypOBHH 
MOIUHOCTH   OTpajKeHHOH   3JieKTp0MarHHTH0H 
(3M) BOKHbi Ha pa3Hbix BHflax nojiapH3aHHH H3- 
jrynaeMbrx H npHHHMaeMbix PJIC 3M BOJTH. 

CrpyicrypHaa cxeMa HeKorepeHTHon nojia- 
pH3auH0HH0H PJIC npHBeaeHa Ha pnc. 1. 

PJIC nocjieaoBaTejibHO BO BpeMeHH H3JiynaeT 
30HflHpyK)mHe CHrHMbl 6 BHÄ0B nOJiapH3aUHH 
sjieicrpoMarHHTHOH BOJIHM: KpyroBaa nojiapH3a- 
ima JieBoro/npaBoro BpameHna; jiKHeimaa Bep- 
THKajibHaa/ropH30HTajibHaa nojiapH3auHa H JIH- 

HeHHaa nojiapH3aiiHH c yrjioM HaioioHa +45/-450. 
IlpHeM CHmaiioB, OTpaaceHHbix uejibio, npoH3- 
BOflHTCH napaiuiejibHo no 6 KaHanaM npneMa no- 
juipH3aHH0HHbix KOMnoHeHT oTpaaceHHoro cnr- 
Hana: KpyroBaa nojiapH3auHa JieBoro/npaBoro 

In the paper, block diagram and per- 
formance of X-band non-coherent pola- 
rimetric radar used for indirect measure- 
ments of radar objects backscattering 
matrix are presented. The radar uses the 
following polarization bases for radiation 
and reception of signals - circular, linear 
(vertical and horizontal polarizations), 
and +45° rotated linear polarization basis. 
Polarization switching of radiated and 
received signals is performed in pulse- 
to-pulse mode. The reception of signals 
reflected by radar objects is carried out 
in parallel, at least in 4 receiving channels 
of the polarization components. 

For measurements of the scattering 
characteristeics of radar targets as polari- 
zation scattering matrix (SM), non-coherent 
radars use indirect methods of the SM 
parameters measurements. One of the 
method consists in consecutive measuring 
of relative power level of the reflected EM 
wave for different polarizations of 
transmitted and received signals. 

Block diagram of the non-coherent 
polarimetric radar is shown in Fig. 1. 

The radar transmits a series of signals 
with six polarization states: left- and right- 
handed circular polarizations; linear 
vertical and horizontal polarizations and 
linear polarizations rotated at +45 and - 
45°. The reflected signals are received in 
parallel by six channels for reception of 
such components as left- and right- 
handed circularly polarized, linearly 
(VH) polarized and components with 
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BpameHHH; jiHHeHHaa BepraKajibHafl/ropH30H- 
xanbHa« nojiHpH3aujHH H jiHHeftHan nojiHpH3auHH 
c yraoM HaioioHa +45/-450. CpaBHeHHe OTHOCH- 

TeJibHoro ypoBHH MOJUHOCTH OTpaxeHHOH aneic- 
TpOMarHHTHOfi BOJIHbl Ha pa3HHX BHflax nojia- 
pH3aiIHH   npOH3BOflHTCH  no  KaJIHÖpOBOHHOMy 
CHraany H3MepHrejibHoro reHepai-opa, noflKJiro- 
qeHHoro K Bxoay MHoroicaHanbHoro npneMHHKa. 
Ilo CHraany H3MepHTejibHoro reHeparopa npo- 
H3BOflHTCH  TaiOKe  CpaBHeHHe  OTHOCHTdlbHOrO 
ypoBHfl MOIUHOCTH CHrHajioB, pacceHHHbix HC- 
cncnyeMOH uejibio H STanoHHbiM oTpaacaTejieM. B 
KaMecTBe STanoHHoro oTpaacaTejia HcnojiKäOBa- 
jiHCb TpexrpaHHue yrojiKÖBbie oTpaxaxejiH c H3- 
BeCTHMM 3HaieHHeM 3ÜP. 

rotated (±45°) linear polarizations. 
Comparison of the relative power of the 
reflected EM waves with different pola- 
rizations is performed by calibration 
signal of the test oscillator connected 
to the multi-channel receiver input. The 
test osillator signal is also used for 
comparison of the relative power of 
signals scattered by object under investi- 
gation and a reference reflector. Trihedrals 
with known RCS were used as the refe- 
rence reflector. 

PHC. 1.   CrpyicrypHaa cxeiua nojwpH3auHOHHofi PJIC «OpT-M»: 1 - nepeaaTqHK, 2 - aHTCHHo- 
<J»mepHMft TpaKT, 3 - HanpaBJieHHufl OTBCTBHTCJH>, 4 - mrreHHa, 5 - npneMHHK, 6 - 
BonHOBOÄHH» KoMMyratop, 7 - reHeparop cHraanoB T4-56, 8 - npHBO« airreHHH, 9 - 
ruiaro AUn 6 KaHanoB, 10 - ruiara ynpaBJiemw npHBOÄOM ameHHH, 11 - mcTUiefi, 
I13BM IBM /PC 

Fig. 1.    Block diagram of the polarization radar «Ort-M»: transmitter (1), antenna feeding 
chanel (2), directional coupler (3), antenna (4), receiver (5), waveguide commutator 
(6), signals generator G4-56 (7), antenna drive mechanism, 6-channel ADC board 
(9), antenna drive control board (10), display, IBM/PC (11) 

Ha PHC. 2 npHBcaeHa (pororpadnui aHreHHO- 
BQJIHOBOflHOrO TpaKia nOJIHpH3aUHOHHOH PJIC, 
a Ha pHC. 3 - BHeUIHHH BHfl nOJiapH3aUHOHHOH 
PJIC, CMOHTHpOBaHHOH Ha aBTOMOOHJie 3HJI-131. 

PerHcrpauHH arpaxeHHHX cHraajioB, 3anHCb 
KanHÖpoBOHHbix xapaicrepHCTHK npneMHoro TpaK- 
ra H ynpaBJieHHe CKaHHpoBaHHeM aHTeHHH PJIC 
npoH3BOflHTCH Ha I13BM IBM/PC. HaflHcruieft 
II3BM BMBOÄHTCH HHlpOpMaUHfl O paflHOJIOKa- 
UHOHHOH OOCTäHOBKe HCOieflyeMOH MeCTHOCTH 
H pacnojioxeHHbix Ha Heft aranoHHWX o-rpaxa- 

Figure 2 shows view of the polari- 
metric radar's antenna waveguide channel 
Figure 3 shows view of the radar installed 
onaZIL-131truck. 

Registration of the reflected signals, 
recording of calibration characteristics 
of the receiving channel and antenna radar 
scanning control are made in IBM PC. 
The computer display shows radar scene 
and the reference reflectors. Typical RGB 
scheme was used for radar imaging of 
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TCJiJix H HHTepecyiomHX o&beicrax. PajrMOJioKairH- 
oHHoe H3o6pa>KeHHe Ha 3KpaHe flHcruieH I13BM 
BblBOflHTCH B UBeTOBOM TpeyrojibHHKe RGB, Ha 
KOTOpblH CnpOeUHpOBaHH KpOCC-nOJI5ipH3aUHOH- 
Hbie KOMnoHeHTM OTpaxeHHbix CHraajioB. IIpo- 
H3BOÄHTCH pac^eT HHBapHaHTOB MaTpnubi pac- 
CeHHHH UeJIH HHTepecyiomHX Ha MeCTHOCTH 
06l>eKT0B  H   (pOPMHpyeTCH   apXHB  H3MepeHHH 
napaMeTpoB o6T>eKTOB. 

the cross-polarized components of the 
reflected signals. During the measure- 
ments, backscattering matrix invariants of 
radar targets against background are 
determined and stored in radar data base. 

PMC.   2.    AHTeHHO-BOJIHOBOflHMH TpaKT nOJMpH3ai!HOHHOH 
PJIC 

Fig. 2.    Antenna waveguide channel of the polarization radar 

PHC. 3.   BHeiiiHHH BHÄ nonapH3auHOHHOH PJIC «OpT-M» 
Fig. 3.    Outward of the polarization radar «Ort-M» 
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3Kpane uBeTHoro flHcnjiea 

nojiapH3auHonnoro pamiojioitaTopa 

M.B. TojiOBaHeB, H.K). KajiyrHH, 
A.B. KoieTOB 

OAO «Hnn «Paaap-MMC», CaHKT-rieTep6ypr 
E-mail: radar@radar-mms.com 

IIpedAOMeH Memod omoöpaoiceHusi paduonoK.au,uoH- 
Hoii im(popManuu na 3Kpane neemmzo ducnnex no/m- 
piaanuoHHoeo paduoAOKamopa, ocHoeaimbiu na uc- 
nojib3oeamm Kpocc-nojmpu3au,uoHHbix KOMnonenm 
mnynamozo u npumunaeMozo cuznanoe paduonoica- 
mopa. JIfln omo6pa3KeHM Ha 3Kpam ducnnex eu6- 
panu mpu Kpocc-noAxpiaanuoHHbie KOMnoHenmu: 
Kpyzoeozo no/mpu3au,uonHOZo 6a3uca, mmeünozo no- 
MpiaauuoHHOZo 6a3iica eepmutca/ibHoii u zopmon- 
manbHoü noimpu3au,uü umyiamozo u npuHimaeMO- 
eo cuznanoe, a maioKe AimeiMOzo nonHpiaanuonnozo 
6a3uca cuznanoe, umynaeMUX u npuHUMae/nbix nod 
yznoM ±45" 

Radar Data Imaging 
on Color Display of Polarization 

Radar 

M.V. Golovachev, N.Ju. Kalugin, 
A.V. Kochetov 

PC «SPE Radar-MMS», St. Petersburg 
E-mail: radar@radar-mms.com 

A method for radar data imaging on color 
display of a polarization radar, based on 
using the cross-polarized components of 
transmitted and received radar signals, is 
suggested. Such cross-polarized compo- 
nents as circularly polarized, linearly pola- 
rized in VH-basis, and linearly polarized 
components at ±45" were chosen for ima- 
ging on the radar display 

IlpH HCriOJIb30BaHHH B paHHOJTOKaUHH riOJIH- 
pH3auHOHHO-pa3HeceHHbix curHajioB Han6ojiee 
aicryajibHa 3a#a4a OTo6paxeHHH pajmojioKaiiH- 
OHHOH (PJI) HHtpopMauHH Ha axpaHe .zuicrmeH 
nojrapM3airnoHHOH PJIC. 

H3BecxHbi TpaflHUHOHHHe cnoco6w oToöpa- 
XCeHHfl paHHOJIOKaiJHOHHOH MH(pOpMaUHH Ha 3K- 
paHe ÄHcnjie« B PJIC, KOTopbie Hcnanb3yiOT O^HH 

H3 BHflOB nojiapH3auHH 30Hflnpyiomero cMraana 
Ha H3JiyMeHHe HJIH npMeM, HanpHMep, JiHHenHbift 
nojmpH3auHOHHbiM 6a3Hc (BepTHKajibHa» nojw- 
pH3auHH Ha HanyneHHe H npneM), KpyroBofl no- 
jiapH3auH0HHbiH 6a3Hc (xpyroBaa nojiaproairHfl 
jieBoro (npaBoro) BpameHHa 3OH0Mpyiomero CHT- 

Haaa Ha H3nyqeHHe H KpyroBaa nojmpH3au™ npa- 
Boro (jieBoro) BpameHHH 30H,nnpyiomero CHraana 
Ha npHeM) H np. MHdpopMaiiHH o PJI oöcraHOBKe 
BOKpyr TaKoft PJIC BMBOAHTCH, KaK npaBHJio, Ha 
SKpaHe MOHOxpoMHoro flMcnjieH 6ejioro HJIH 3e- 
jieHoro cBeneHHH, UBeT KOToporo Bbi6HpaeTca 
H3 aproHOMHHecKHX Tpe6oBaHHH jy\n paocrraio- 
mero c HHM onepaTopa. 

H3BecTH0 TaioKe Hcnojib30BaHHe jym OTO- 

6paaceHHH UBeTHoro jjHcnjiea, Ha KOTOPOM HH- 

(popMauHa o PJI o6cTaHOBKe BHBOOTTCH JIH6O 

B  MOHOXpOMHOM   BHfle,   KOrfla  HHTeHCHBHOCTb 

The problem of radar data imaging 
on color display of a radar is the most 
actual for the case of polarimetric radars. 

Ordinary ways of radar data imaging 
on a radar display, when only one polari- 
zation state is used for radiation and 
reception od signals, are well known. For 
example, linear polarization basis (when 
vertically polarized signal is transmitted 
and received and circular polarization 
basis (when left-handed circularly pola- 
rized signal is radiated, and right-handed 
circularly polarized signal is received) are 
widely used. The information on radar 
scene in such radar system is displayed, 
as a rule, on monochrome (white or 
green) screens. This luminescence color 
satisfies ergonomic requirements for 
radar controller. 

It is known also the method for 
using color display for presentation of 
radar data, when the data is displayed 
as monochrome images with intensity 
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cBeneroifl nponopimoHantHa aMiunnyae npHHH- 
MaeMbix PJIC CHTHMOB, JIHÖO B nCeBflOHBCTOBOM 
OTo6paxeHHH, npn KOTOPOM aMruiHTyae npHHH- 
MaeMbix PJIC cHnnanoB conocraMHeTCH xaöjiH- 
Ha UBeTOB. HH(popMaimH o PJI oöcraHOBKe Ha 
3KpaHe TaKoro ÄHcmiesi MoxeT oroopaacaTbCH B 

BHfle cnoKOHHoro 3ejieHoro uBexa ara HaHMeHb- 
IUeft HHTeHCHBHOCTH npHHHMaeMbDC CHTHajIOB HJIH 
HpKo-KpacHoro UBeTaflJia MaKCHMajibHoft HHTeH- 
CHBHOCTH npHHHMaeMHX CHrHajIOB. 

C flpyroH cropoHbi npn pa3pa5oTKe nanaproa- 
HHOHHOH PJIC MO>KeT B03HHKHyTb HeOOXOflHMOCTb 
oroöpaaceHHa Ha axpaHe flHcnneji cymeciBeHHo 
6ojn>niero o&beMa HHdpopMauHH o xapaicrepHCTH- 
Kax CHTHajIOB npHHHMaeMbix B PJIC. C 3TOH uejibio 
npefljiaraeTCH MCTOU OToGpaxeHHH PJI HH- 

(popMauHH Ha SKpaHe HBeTHoro flHcroiea nojia- 
pH3auHOHHoro paflHOJioKaTopa, ocHOBaHHbift Ha 
HCnOJIb30BaHHH KpOCC-nOJIflpH3aUHOHHMX KOM- 
noHeHT H3JiyHaeMoro H npHHHMaeMoro CHraa- 
JIOB paflHOJioKaTopa. 

flra OTo6paxeHHH Ha 3KpaHe flHcruiea BbiSpa- 
Hbl TpH KpOCC-nonHpH3aUHOHHbie KOMnOHeHTbi: 
KpyroBoro narapH3amroHHoro 6a3Hca, jiHHeftHo- 
ro no^apH3auHOHHoro 6a3Hca BepraKanbHOH H ro- 
pH30HTajibHofl nojiHpH3aiuiH H3Jiy4aeMoro H npH- 
HHMaeMoro CHrnajioB, a Taicxe jiHHeßHoro 
nojrapH3auHOHHoro 6a3HcacnrHajioB, H3ayHaeMbix 
H npHHHMaeMbix nofl yrjioM ±45°. 

Ka>KflbIH H3 KpOCC-nOJiapH3aUHOHHbIX KOM- 
noHeHTOB noflBOflHTCH K cBoeMy KaHajiy RGB 
HHcrmea nojiHpH3aHHOHHoro paflHOJioKaTopa. B 
xaHaji jiyna Green BBOäHTCH Kpocc-noJinpH3a- 
HHOHHan KOMnoHeHTa KpyroBoro nojiHpH3aHH- 
OHHoro 6a3Hca, B KaHaji jiyqa Red BBOäHTCH 

KpOCC-nO^HpH3aUHOHHaH KOMnOHeHTa nojiHpn- 
3aHHOHHoro 6a3Hca BepTHKajibHoß H ropH30H- 
TaflbHOH   nOJIHpH3aHHH   H,   COOTBeTCTBeHHO,   B 
KaHaji jiyqa Blue BBO^HTCH Kpocc-noji$ipH3aHH- 
oHHaa KOMnoHema jiHHeöHoro nojiapH3aHHOH- 
Horo 6a3Hca cHraanoB, H3jiyqaeMbix H npHHH- 
MaeMbix nofl yrjioM ±45° (CM. pncyHOK). 

AMnramyfla cHraanoB Kpocc-nojiHpH3auHOHHbrx 
KOMnoHeHT, noflBoflHMbix K .OHcruieio nponopuH- 
OHMbHa MOIUHOCTH cHraajioB, pacceHBaeMbix ue- 
JibK) npH oöjiyHeHHH ee 3M BOJIHOH cooTBercrBy- 
lomero nojiHpH3aHHOHHoro 6a3Hca. MOXHO 

noKa3arb, HTO cyMMa MoumocreH Kpocc-nojMpH- 
3aHHOHHbix KOMnoHeHT cnraanoB, pacceHBaeMbix 
uejibio, Bbi6paHHbix flira OTo6pa»ceHHH Ha UBeT- 
HOM .HHciuiee nojrapH3anHOHHoro paßHonoxaTopa, 
paBHa cjiefly SHepreraMecKOH MarpHHbi paccea- 
HHa uejiH P0. TaKHM o6pa30M, Ha 3KpaHe flHcn- 
Jiea nojrapH3aimoHHoro paßHojioicaTopa OTo6pa- 

proportional to amplitude of the received 
signals, or pseudo-color images with the 
prescribed correspondence between the 
signals amplitude and table of colors. For 
example, soft green color may be used 
for the received radar signals with mini- 
mum intensity, whereas bright red color 
may represent signals with high intensity. 

On the other hand, development of 
a polarimetric radar may require to 
display much more data on characte- 
ristics of the received signals. With this 
purpose, we suggest a method of radar 
data imaging on color display of polariza- 
tion radar, based on using cross-pola- 
rized components of the transmitted and 
received radar signals. 

Such cross-polarized components as 
circularly polarized, linearly polarized 
in VH-basis, and linearly polarized 
components at ±45° were chosen for 
imaging on the radar display. 

Each of the cross-polarized compo- 
nents is applied to corresponding RGB- 
channel of the display. Green-, Red- and 
Blue-channe.1 are connected with circu- 
larly cross-polarized component, VH- 
basis cross-polarized linear component, 
and ±45° rotated cross-polarized linear 
component, correspondingly (Fig. 1). 

The amplitude of cross-polarized 
components applied to ÄGß-channel of 
a radar display is proportional to power 
of the signals scattered by radar objects 
while radiating the corresponding polari- 
zation of electromagnetic wave. It is 
possible to show that sum of powers of 
the scatterd cross-polarized components 
equals to spur of power backscattering 
matrix P0. Thus, display of the 
polarization radar presents data on cha- 
racteristics of radar objects decomposed 
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OmoöpaMeHue PJI uwpopMcmuu 

acaeTCH BCH HH(}>opMaiiHH o xapaKTepHCTHKax 
uejiH, pa3Jio>KeHHaa no cocTaBJi$noruHM UBCTO- 

Boro TpeyrojibHHKa RGB. 

into color components in correspon- 
dence with the RGB scheme. 

PHC.       CrpyKTypHaa cxeMa nojwpn3aunoHHOH PJIC: 1 - nepe/raTiHK, 2 — aHTeHHO- 
4>nnepHWH TpaKT, 3 - aureHHa, 4 - npweMHHK, 5 - ÄHCiuieir 

Fig. Block diagram of the polarization radar: transmitter (1), antenna feeding chanel 
(2), antenna (3), receiver (4), display (5) 

Bbi6paHHbie fljm 0T06paaceHna UBeTOBbie 
cocTaBJi$noinne OTpaxeHHoro cnraana nojiapn- 
3auHOHHoro paflHOJioKaTopa no3BOJiaiOT onepa- 
Topy PJIC npoH3Becra npe/TBapHTejibHyio HfleH- 
THipHKanHio uejiH Ha SKpaHe /rwcnJieH B 

cooTBercTBHH c ee xapaicrepHCTHKaMH paccea- 
HHfl. B HaCTHOCTH, 3ejieHblM UBeTOM oTo6pa»caioT- 
CH Bee uejiH, xapaKTepH3yiomHeca HeneraHM 
KOJiHHecTBOM nepeoTpaxeHHH naflarouieH 3MB, 
HanpnMep, oTpaxcaTejiH rana ccpepa, ruioacocmb, 
mpexzpaHHbie yzojiKoeue ompaoicamejiu H flp. Cn- 
HHM UBCTOM OToepaacaioTCfl uejiH, xapaKTepn- 
3yioiirHecfl neTHbiM KOJIHHCCTBOM nepeoTpaxe- 
HHM naflaiomen 3MB, HanpnMep deyzpanHue 
yzosiKoeue ompaoKame/iu, pacnojioaceHHbie ropn- 
30HTaiIbH0 no OTHOllieHHK) K aHTeHHe PJIC. 
KpacHbun UBeTOM OTo6paxaiOTca uejiH, TaKxe 
xapaKTepH3yromHeca nerabiM KOJIHHCCTBOM ne- 
peoTpaxeHHH (deyepaHHbie yeo/ucoebie ompaxca- 
me/iu), HO pacnojioxeHHbie no/i yrjioM 45° no 
OTHOUieHHJO K aHTeHHe PJIC. OTMeTKH OT nejiM, 
noHBJifliomHecfl Ha 3KpaHe ffHcrraea B pa3JiHHHbix 
UBeTOBHX KOMÖHHaUHHX n03BOJIHK)T CfleJiaTb Bbl- 
BO/I o cjioacHOM xapaKTepe uejiH, Ha6jnoflaeMOH 
onepaTopoM. 

riocKOJibKy cymecTByeT B3anMocBH3b MOK- 

ay HHBapHaHTaMH MaTpnuw pacceaHHH nejra H 

The chosen color scheme for output 
of the reflected signal components allows 
to radar controller to preliminary iden- 
tify a radar target on the display by its 
scattering characteristics. In particular, 
green color displays all targets with odd 
reflections number of the incident EM 
wave (for example, sphere, plane, trihe- 
dral reflectors, etc.). Blue color displays 
targets, which are characterized by even 
number of reflections (dihedral reflectors 
located in the horizontal plane relatively 
the radar antenna). Red color displays 
dihedral type targets rotated at 45° rela- 
tively the radar antenna. Radar blips 
appearing on the display in various color 
combinations allow to draw a conclusion 
on complex character of the objects 
observed by radar controller. 

Because of interrelation between pola- 
rization invariants of the backscattering 
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CHraajiaMH, IIO,HBO,HHMMMH Ha uBeraoft flHcnjiefl, matrice and output signals on the color 
onepaTop MoaceT npon3BecTH (bmibTpaiiHio display, radar controller can make a visual 
Ha6jno,aaeMoro H3o6paxeHHfl MecTHOcra B co- filtering of the observed locality images 
OTBeTCTBHH c 3aflaHHHMH napaMeTpaMH MaTpH- in accordance with the given parameters 
m>i pacceaHHH H BHflejiHTb HHTepecyioiirHe yna- of the backscattering matrix and selecting 
CTKH paflHO^OKanHOHHoro H3o6paaceHHfl. the radar image zones of interest. 
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A series of artificial radar reflectors having 
asymmetrical backscattering matrices are 
presented in the paper 

BBcaeiiHC 

npH H3MepeHH$ix xapaKTepHCTHK pacceH- 
HHH paanmiHMX oGteKTOB, npeÄBapHTejibHO 
npOBOflflT KaJIH6pOBKy  paflHOJIOKaUHOHHOM 
(PJI) annaparypbi [1]. IIpH STOM Hcnojib3yiOT 
TaKHe 3TaiTOHHbie oTpaxaTejin KaK MeTamiH- 
necKaa c<pepa, KOHyc, nvunmap, a Taoce VTOJI- 

KOBbie orpaxaTejiH, BburncnMTb scprpeKTHBHyio 
noBepxHOCTb pacceaHHH (SUP), KOTOpbix OT- 

HocHTejibHO npocTO. npeflCTarafleT HHTepec 
co3AaHHe aHanorw^Hbix 3TanoHHbix pawojio- 
KauHOHHbix oTpaxareneH (PO), o6jianaioiirnx, 
B o6meM cnyMae, npoH3BojibHOM HecHMMeT- 
pHiHOH MaTpnueii o6paTHoro pacceHHHH 
(MOP), HMHTMpyioinHX peaiibHbie oöieKTbi 
c HeB3anMHMMH cBOHCTBaMH. B pa6oTe [2] 
BBOÄHTCH napawreTp £, Ha3biBaeMbin KoacbcpH- 
UHeHTOM HeB3aHMHOCTH (KH), KOTOpbIM ITO3- 
BOJIfleT npOH3BOflHTb KJiaCCHCpHKaUHlO cpeß H 
oöteKTOB Ha B3aHMHbie cpe/ibi (|£p=0), a6- 
COJHOTHO HeB3aHMHbie cpeflbi (|£p=l), Hac- 
TMHHO HeB3aHMHbie Cpeflbl (0<|i;p<l). 

PaAHOJioKauHOHHbiif oTpajKaTejib Ha 
OCHOBe (pCppHTOBOrO BCHTHJ1H 

Ha pHC. 1 H3o6paxeHa KOHCTpyioiHH PO, 
B cocTaB KOToporo BxoflHT KOHHHecKHH ne- 
peH3^yiiaiomHH pynop «1», KOHcrpyKTHBHo 
06l>eÄHHeHHbIM C BOJIHOBOflHMM yCTpOMCTBOM 
pa3flejieHHH ajieicrpoMarHHTHOH BOJIHH Ha 
jMHefiHbie opToroHajibHo nojwpH30BaHHbie 
KOMnOHeHTbl. 

Introduction 

The measurements of scattering 
characteristics of various objects includes 
preliminary calibration of radar equip- 
ment [1]. For this purpose, such refe- 
rence reflectors as metal sphere, cone, 
cylinder and also comer reflectors are 
used, which radar cross-section (RCS) 
is a rather simple to calculate. Const- 
ruction of the similar reference radar 
reflectors (RR), which would have in 
general the asymmetrical arbitrary back- 
scattering matrix (BSM) and simulate 
real objects with nonreciprocal pro- 
perties, is of most interest. In [2], so called 
non-reciprocity coefficient (NC) \ is in- 
troduced, which allows to classify different 
media and objects into reciprocal with 
|£p=0,absolutely nonreciprocal (|^p=l), 
and partly nonreciprocal (0<|£p<l). 

Radar reflector based on ferrite 
isolator 

The radar reflector design is shown 
in Figure 1. It has conical re-radiating 
horn «1» which is mechanically united 
with waveguide electromagnetic wave 
splitter into linear orthogonally pola- 
rized components. 
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'\ 2 3 

PHC. 1.   PaflHojioKaimoHHMH oTpaxaTejib Ha ocHOBe (J)eppHTOBoro 
BeHTHJW 

Fig. 1.    Radar reflector based on ferrite isolator 

flaHHoe ycipoHCTBO npeacraBJiaeT co6ofl OT- 

pe30K Kpynioro BOJiHOBoaa «2» c ÄByMa Bcrpo- 
eHHHMH BOJfflOBOflaMH npaMoyrojibHoro ceHeHHH 
«4» H «5». IlpH 3T0M npHMOyrOJlbHMH BO/IHOBOfl 
«5» npeflHa3HaqeH ßjw BbwejieHHa ropH30HTajib- 
HOH JIHHeÖHOH KOMnOHeHTbl 3JieKTpOMarHHTHOH 
(3M) BOJiHbi M o6beflHHaeTCfl c BOJIHOBOJOM 

Kpyrjioro ceneHna «2» c noMombio ceianiM «3» 
nnaBHoro nepexoaa c Kpyraoro Ha npaMoyrojib- 
HHH BOJiHOBOfl. BOJIHOBOH. «4» npeflHa3HaHeH ana 
BbmeJieHHfl BepTHKajIbHOH JIHHeHHOH KOMnOHeH- 
Tbl 9M BOJIHM H COeflHHaeTCH C BOJIHOBOflOM «5» 
c noMombio npHMoyrojibHoro BOJiHOBOflHoro 
Tpaicra (co CKpyrKoft Ha 90°), B cocxaB KOToporo 
BKJIIOTeH dpeppHTOBblH pe30HaHCHbIM BeHTHJIb «6». 

i?<ail 

The device consists of a section of 
circular waveguide «2» with two built- 
in rectangular waveguide «4» and «5» 
sections. The waveguide section «5» is 
intended for selecting the horizontal 
component of the electromagnetic (EM) 
wave and is joint with the round wave- 
guide «2» by waveguide round-to-rec- 
tangular adapter «3». The waveguide «4» 
serves for selecting the vertical compo- 
nent of the EM wave and is joint to 
waveguide section «5» by rectangular wave- 
guide (with 90° twist) including the fer- 
rite resonance isolator «6». 

0.5 

0.4 ^~~ 
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0.1 
101 og(A),dB 
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PHC. 2. 
Fig. 2. 

15 20 25 30 35 40 

3aBHCHMOCTb |x|2 OT X 

|£|2 dependence versus X 

CoraacHO [3] MOP oipaxaTejia MOJKHO on- 
peflejiHTb cjieayiomHM o6pa30M 

"0 
S,= B 

KaK cjieayer H3 (1), MOP HMeeT HecHMMeTpuH- 
HHH BHfl (A ■£ B), a K03(pd)HHHeHT HeB3aHMHOCTH 
PO onpeaejiaeTca KoadpcpHimeHraMH 3aTyxaHHa 
BojiH B npaMOM (A) H o6paraoM (B) HanpaBJie- 
HHH dpeppHTOBoro BeHTHna (3flecb X=B/A) 

According to [3], the reflector's BSM 
is written in the form 

(1) 

It follows from (1) that the BSM is asym- 
metrical {A * B), and NC of the reflector 
is defined by wave attenuation factors in 
direct (,4) and opposite (B) directions of 
the ferrite isolator (here X=B/A) 

I4|  = 
2    X2-2X + \ 

2-(X2+l) 
(2) 
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BwiuHHa Kaauöpoeica paduoAOK.au,uoHHbtx no/wpuMempoe ... 

Ha pHC. 2 npMBejteHa 3aBHCHMOCTb |£(.X)P (OT- 

HOUieHHe X BbipajKeHO B flE), H3 KOTopoH cjie- 
jryeT, I

ITO c noMombio onHcaHHoro OTpaxaTejiH 
MO)KHO HMMTHpOBaTb WHpOKHM lOMCC UeJieH PW 
KoropbK gp * 0. npH B/A > 30 ÄE, ßP -» 0,5 (T. C PO 
o6jiaflaeT qacraHHO HeB3aHMHWMH cBoiicTBaMH). 

OieayeT 3aMeTMTb, HTO aHajiorHHHbiMH no- 
JIflpi13aUHOHHbIMH CBOHCTBaMH MTOKeT o6jia,ziaTb 
PO OTJIMHaiOlUHftCH OT paccMOTpeHHoro TeM, 
HTO BMeCTO BeHTHJia HCnOJlb3yeTCH (peppHTOBHH 
Y-unpKyjiflTop oflHo M3 rmeM KOToporo noflcoe- 
aHHeHo K coraacoBaHHofi Harpy3Ke [3]. 

PaflHOJioKamiOHHMii oTpaxaTejib na OCHOBC 

4>a30BpamaTejifl 

HeaocTaTKOM B pa6oTe KOHCTpyKiuiM PO Ha 
ocuoBe (peppHTOBoro BeHmira H Y-impKyjurropa 
HBJweTca noraomeHHe oopaTHOH 3MB. Bcjie.ii- 
CTBHe 3TOrO He BCfl 3HeprHfl npMHflTOH KOHHqec- 
KOH aHTCHHOH BOJiHbi 6yaeT nepewanyqeHa orpa- 
xaTejieM, a 3HaiHT Hejib3fl peajirooBaTb o6i>eKT c 
|£p = 1. HapHC. 3H3o6pa*:eH POjiHineHHbiHyKa- 
3aHHoro Bbime HeflocraTKa, B COCTüB KOToporo 
BBeaeH (peppHTOBbiH <£a30BpamaTeJib «9». 

Figure 2 shows \£,(X)\2 dependence 
(X in dB) confirming that the reflector 
can be used for simulation of radar 
objects for which £|2 * 0. If B/A > 30 dB, 
then |£p-> 0,5 (i.e. the reflector has partly 
non-reciprocal properties). 

It should be noted that RR, differing 
from above by the use of ferrite Y-circu- 
lator (with an arm connected to matched 
load [3]) instead of the ferrite isolator, 
can possess the similar polarization 
properties. 

Radar reflector baseb on phase 
shifter 

The drawback of RR designs based on 
the ferrite isolator and Y-circulator is 
absorption of the backward wave. Because 
of this not all energy, which is received 
by the conical antenna, will be reradiated 
by the reflector. Therefore, it is impossible 
to realize object with gp=1. Figure 3 shows 
reflector with added ferrite phase shifter 
«9» without the drawback. 

PHC. 3.   PaHHOJioicauHOHHbift OTpaxaTejib Ha ocHOBe 
(J)a30BpamaTejia 

Fig. 3.    Radar reflector based on phase shifter 

BßefleHHe (peppHTOBoro (pa30BpainaTeJifl B 

CBH  TpaKT,   CBH3bIBaiOIUHH   BOJlHOBOflbl   «4»   H 
«5», BHOCHT ÄonojiHHTejibHyio (pa30Byio 3aaepx- 
Ky <p, pw o6paTHoft BOJIHM H 3a#ep>KKy cp2 um 
npHMOH BOJIHbl. ripH 3TOM 9MB npOXOflHT BOJI- 
HOBOflHblft TpaKT PO B OÖOHX HanpaBJieHHHX 
npaKTHHecKH 6e3 3aTyxaHHH c nocjieflyiomHM ne- 
peH3JiyqeHHeM pynopHon aHTeHHOH. CoraacHO 
[3] MOP oTpaxaTe/ia onpeflejiHTca KaK 

0       , 

H3 (3) BHAHO, HTO .iiaHHbiH oTpaxaTejib, TaK- 
ace KaK H paccMOTpeHHoe paHee ycTponcTBO, 

Insertion of the ferrite phase shifter 
into the microwave channel connecting 
sections «4» and «5» gives an additional 
phase delays (p, and cp2 for the backward 
and direct waves. Thus, the EM waves 
pass the channel in both directions 
almost without attenuation and then they 
are re-radiated. In accordance with [3] 
the reflector's BSM is written as 

0 
(3) 

It follows from (3) that the given 
reflector just as the considered above 
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HMeeT HecHMMeTpHHHyio MOP, a ero noJWpH- 
3aiIHOHHbie CBOHCTBa OnpeflejIHIOTCH CBOMCTBa- 
MH 4>a3ocppamaTejiH. IlpH STOM 

has the asymmetrical BSM, and its 
polarization properties depends on the 
phase shifter properties, and 

|£|2 = 0.5-(l-cos(Acp)). 

H3 npHBefleHHon Ha pnc. 4 3aBHCHM0CTH |^|2 

OT pa3H0CTH 4>a3 A(p=cp1-(p2 cjieayeT, HTO C no- 
Mombio paccMOTpeHHoro oTpaacaTejia MO>KHO 

MOflejiHpoBaTb oßieKTbi, äJIH KOTOpblX |£p JieXHT 
B npeflejiax OT 0 ao 1. B cjryqae y=n H cpl2=0 (<pep- 
pHTOBHH 4>a30BpamaTejib »BJiaeTca rapaTopoM 
A(p=180°) PO aBJiHeTca a6co/noTHO HeB3aHM- 
HbiM, win KOToporo Bee BHUM nojiflpH3auHH na- 
flaiomen 3MB HBAHIOTCH äJIH oTpaxaTejia Hyne- 
BHMH, H MOP Kotoporo paBHa 

It follows from the dependence |£p 
on the phase difference A(p=(p,-(p2 shown 
in Fig. 4 that the given reflector can 
simulate objects with 0 < |£p < 1. If cp,=7c 
and 912=0 (the ferrite phase shifter is a 
gyrator with A(p=180°), then the reflec- 
tor is absolutely nonreciprocal. For this 
case, all polarization states of the incident 
wave are zero for the reflector, and the 
BSM becomes 

0 -1 
1 0 
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ZOT A(p 

PaAHOJiOKauHOHHbrii oTpaacaTejib Ha ocnoBe 
pemeTOK BaH-Arra 

Ha pnc. 5 npe^cTaBJieHa erne oflHa KOHCTpyK- 
UHfl paanoJioKauHOHHoro 0Tpa»caTejiH, oojiaaa- 
lomero HeB3anMHbiMH cBOHcreaMH. OrpaxaTejib 
BbinojiHeH B BHfle JIHHCHHOH pemencH BaH-Arra 
H COCTOHT H3 nonapHO COeflHHeHHblX c nOMO- 
uibio BOJiHOBOflOB Kpyrjioro ceqeHHH KOHHnec- 
KHX pynopHbix aHTeHH. AJIH npocTOTbi Ha pnc. 5 
npeflCTaBJieHbi jiHiub Tpn napw KOHHiecKHx py- 
nopoB. OaHaKo B peanbHoft KOHCTpyicnHH HX KO- 

jiHHecTBO MoaceT 6biTb jno6biM, H orpaHHHHBa- 
eTCH TOJIMCO flonycTHMHMH reoMeTpnqecKHMH 
pa3MepaMH OTpaxaTeJiH. IlpH STOM aneicrpH^ec- 
Kaa ajiHHa BOJIHOBOäOB, coeflHHHiomHX pynopbi, 
BbiÖHpaercH oaHHaKOBoft AJIH Bcex nap. 

C uejibio npunaHHa oTpaxarejno HeB3aHMHbix 
Ha npneM H nepeaaqy CBOHCTB, B BOJIHOBOäHOM 

TpaKTe «1», coeflHHHiouieM pynopbi «PI» H «P2», 
pacnojioaceHO ycrpoHCTBO npeo6pa30BaHHH no- 
JIHpH3aUHOHHOrO COCTOaHHfl  npOXOflfllUHX  3M 

Radar reflector based on Van-Atta 
arrays 

Figure 5 shows another design of 
radar reflector with nonreciprocal pro- 
perties. The reflector is a linear Van-Atta 
array and consists of conical horn 
antennas in pairs connected by round 
waveguides. For simplicity sake, Figure 
5 shows only three pairs of conical horns. 
However, a real design can consist of 
any number of homs and is restricted 
only to maximum dimensions of the 
reflector. Moreover, the electric length 
of waveguides connecting the homs is 
chosen equal to all pairs. 

The nonreciprocal reception and trans- 
mission properties of the reflector are 
provoded by inserting (into the waveguide 
channel «1» connecting pairing horns 
«PI» and «P2») device (Fig. 6), which 
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BOJiH «3» (PMC. 6), B cocraB KOToporo BKniOHeHbi 
Bpamarejib IUIOCKOCTH noiiapioauHH 3MB, oc- 
HOBaHHbiid Ha adHpeicre Oapaaea (npeacTaBJiHio- 
IHHH CO6OH ceiajHio Kpynioro BOJiHOBOfla c (pep- 
pHTOM «5» BHyrpH, cxeneHb HaMarHHieHHocra 
KOToporo MOHCHO H3MeHan> B uiHpoKHx npeaejiax 
c noMombio 3JieicrpoMarHHTa «6» pacnaroxeH- 
Horo Ha OCH BojmoBOÄa «1»); ceion« Kpynioro 
BOJIHOBOÄa C BHeCeHHOH  Cpa30B0H   nJiaCTHHKOH 
4, MeflneHHaH ocb KOTopoii, opneHTHpoBaHHa, 
nofl yrjioM a oraocHTejibHO OCH X B npaBocro- 
poHHeö cHcxeMe KoopflHHaT xyz. CorjiacHo pa- 
6oTe [4] MOP oTpaacaTejia 3anHineTca B BHfle 

transforms the passing waves polarization 
state. It consists of the polarization plane 
rotator based on the Faraday effect (a 
section of round waveguide with inser- 
ted ferrite «5», which magnetization deg- 
ree can be changed over a wide range by 
electromagnet «6» located along the 
waveguide axis «1»), round waveguide 
section with inserted phase plate «4» 
(with the slow axis oriented at angle a 
relatively x-axis in the right-handed 
coordinate system. According to [4], the 
reflector's BSM is written as 

S3 = 
-2-C2 -6V +C, -e'1^)   -£, -(C, -S.Xl-e"7*) 

S2•(<:,'-S,>(l-e-")     2-c2-(s;+Cl-e-^) 
(4) 

BbipaaceHHe ana K03(b(pHUHeHTa HeB3aHM- 
HOCTH MOP BH.ua (4) 6yaeT BbinumeTb cjieay- 
IOIUHM o6pa30M 

The expression for the non-reciprocity 
coefficient of the BSM (4) takes the form 

m 
[sin(e)]2 • [cos(2 • a)]2 • [l - cos (4>)] 

[[sin(e)]2 - [sin(2 • a)]21 • [l - cos (<(>)] + 2 • [cos(e)f 
(5) 

PHC. 5.   HeB3aHMHaa peuieTKa BaH- 
ATra 

Fig. 5.    Nonreciprocal Van Atta array 

PHC. 6.  ycrpottcTBO npeo6pa30BaHH« nojwpH3auHH 
Fig. 6.    Polarization transforming device 
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HapHC. 7 H pHC. 8 npHBeaeHH 3aBHCHMocrH |£p 
or yrjioB a, E ami cjiynaa, Koma B Tpaicr noMe- 
meHa HeTBepn>Bo^HOBaa (4>==90°) H nojiyBOjmo- 
Ban 4>a30BHe iwacraHH (<|>=180o). 

Figures 7 and 8 show dependences 
|£P on angles a, 6 for the case of inserted 
quarter wave (<t»=90°) and half-wave 
(<|>=180°) phase plates. 

>3«0' 

PHC. 7.  3aBHCHMOCTb ßp or a,e npn <j>=90° 
Fig. 7.    gp versus a,E (case of (t>=90°) 

PHC. 8.  3aBHCHMocn> l^poT a,6 npH 4>=180° 
Fig. 8.    fcp versus a,e (case of <^= 180°) 

H3 rpadrnxoB cnenyer, «no PO Moxer oüna- 
flaXb paanMMHblMH nOJIflpH3aUHOHHMMH CBOÖ- 
CTBaMH: OT aOCOJDOTHO HeB3aHMHUX flO B3aHM- 
HHX, a xaioKe Moxer nposm/Bm. ce6a JOK oöbeicr 
C MaCIWfflO HeB3aHMHHMM CBOftCTSaMH. Cny- 
naft 6=0 coarBercTByeT OTCVTCTBHIO dpa30Bpa- 
marena B TpaKxe, npH OTOM fep^O. Ocorjo He- 
OOXQHHMO oTMeTHTb oivMaÄ a=±45° ±90°n, 
n = 0,1. AHajiH3 BbipaxeHHH (5) noKa3HBaeT, 

It follows from the diagrams that ra- 
dar reflector can possess different polari- 
zation properties varying from absolutely 
nonreciprocal to reciprocal.and also to be 
as object with partly nonreciprocal pro- 
perties. The case E=0 corresponds to absence 
of phase shifter in the channel, so that 
|^p=0. It is imporatnt to mention the case 
a=+45° ±90°n, n = 0,1. The analysis of 
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HTO Bee ajieMeHTbi MOP B STOM cjrynae Hyjie- 
Buc. Oa30Boe pacnpeaejiemie KOjieoaHHH BO3- 
6yxaaioiHHX pynopw B peuicnce TaxoBO, HTO 

MaxcHMyM JIH anreHHOH pemencH He coBna- 
aaeT c HanpasjieHHeM Ha oojiynaiomyK) uejib 
cTaHUHK). 3M BojiHbi, pacnpocrpaHaiomHeca B 
HanpaBjieHHH Ha PJIC OT nonapHo conpaxeH- 
HHX pynopoB, npoTHBonojioxHid no (pa3e H 
KOMneHCHpyroT apyr apyra. 

3aKjnoieHHe 

PaccMorpeHHMe Bbmie, HCKyccraeHHUc PJI 
orpaxareriH, HMeioume paunpooie noaapfoauHc-H- 
Hbie CBoficiBa, ncoBonaiOT HMHTHpoBan> UIHPOKHH 
Biacc ueneft oojiaaaiouoix HecHMMerpHHHHMH MET- 

pHuaMH ooparHoro pacceaHHa. Ko3<lxpHUHeHT HC- 
B3aHMHOcm ana 3THX oGbeicroB (xvnoiie Hyna. 3ro 
no3BOJiaeT Hcnojib30Ban> yKa3aHHwe OTpaxaroiH 
B 3aaanax KajiH6poBKH nojiapHMerpoB, npeaHa3- 
HaneHHbix ana rayqeHHa CBOHCTB HeB3anMHHX 
06teKT0B.  PaCICTbl 3dXpeKTHBH0H nOBepXHOCTH 
pacceHHHH, npoBeaeHHbie 3a paMKaMH aaHHOü 
pa6oTbi [3-6] yKa3bffiaioT Ha TO, HTO ana sdxpeK- 
THBHOFO Hcncwib30BaHHfl OTpaxaTeneH npH Hccne- 
aOBaHHH nOJMpH3aUHOHHbIX CBOHCTB, HX HVXHO 
HCnOJIb30BaTb B COCTaBe aHTCHHblX peiUCTOK. 

(5) points to that all BSM elements equal 
to zero. The phase distribution of waves 
exciting horns in the array is such one 
that its pattern maximum does not coin- 
cide with backward direction of the soun- 
ding radar. The reflected waves propa- 
gating to the radar from in pairs matched 
horns have opposite phase and compensate 
each other. 

Conclusion 

The considered artificial radar 
reflectors having different polarization 
properties allow to simulate a lot of ob- 
jects with asymmetrical backascattering 
matrices.The non-reciprocity coefficient 
does not equal to zero for these objects. 
It allows to use the reflectors for cali- 
bration of radar polarimeters intended 
for investigations of nonreciprocal 
objects. The RCS calculations, which 
have been carried out in other works 
[3-6], indicate that the effective use of 
the reflectors for polarization analysis 
is possible in the array antennas. 
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HefipoHiibix ceTeii 
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IJpu peiueuuu 3adan o6napy3tceimsi paduo/ioKau,u- 
OHHbix neneii no no/wpusauuoHHbiM npusmKOM npo- 
ifecc oGmpydKemisi npedcmae/memcH e ende tteico- 
mopozo amopwrma npimnmim peiueimn, e KomopoM 
pemenue o Hanumtu unit omcymcmeuu nenu öOAOK- 
HO npumiMambCH na ocnoee coeoKyrmocmu 3nane- 
HUÜ no/mpiaanuoHHbix napaMempoe, nojiynemmx e 
daHHbiii MOMenm epeMemi. B nacmomneu paöome 
npednazaemcsi peaiunaufw anzopunma npummunpe- 
uienun e nozmecKOM 6a3uce uatyccmeeimux neü- 
poHHbtx cemeii e cnynae odHonapajuempiiHecKOZo 
deyxajibtnepHamueHozo pacno3HaeaHun 

OnTHM&iibHoe peniaiomee npaBMio 

3HaqeHHH nojiHpn3au;HOHHbix napaMeTpoB 
npeflCTaBJiHioT co6oft 3HaneHHH HeKOToporo cjiy- 
qaiiHoro npouecca, nosTOMy anropHTM onra- 
ManbHoro oÖHapyaceHHH MoxeT 6biTb nocTpoeH 
nyreM co3flaHHH pemaromero npaBHJia, npe^- 
cTaBJiaromero CO6OM oTHOiueHHe ycjioBHbix co- 
BMeCTHblX  (pyHKUHH   nJIOTHOCTH   BepOHTHOCTH 
napaMexpoB uejiefl. FIojivMeHHoe oTHomeHHe 
cpaBHHBaeTca c noporoM, onpe/jejiHeMbiM BH6- 

paHHblM KpHTepHeM OnTHMajIbHOCTH [1]. 
ripn pa6oTe c peanbHMMH paflHOJioKauHOH- 

HHMH   (PJI)  UeJIHMH  eflHHCTBeHHOH  HHCpOpMa- 
mien o HHX HBJiaeTca coBoxynHOCTb Bbi6opoq- 
Hbix 3HaqeHHH nojiapH3auHOHHbix napaMeTpoB. 

Mcnojib3yH flaHHyio coBOKynHocTb MOXHO 

nocTpoHTb 3MirapiwecKyio rpyHKHHio pacnpe/je- 
nemm Bepoflraoc™ 3HaneHHH napaMeTpoB ue- 
jieft, a no Heft oueHKy (pyHKUHH IUIOTHOCTH Be- 
poflTHOcTH, nyreM annpoKCHMaiiHH onepamiH 
JUKpCpepeHlMipOBaHMfl C nOMOIUbK) pa3HOCTHHX 
ypaBHeHHH [2, 3]. 

B [3] npeAnoaceH BHBOä BbipaaceHra JJJM oueH- 
KH (pyHKUHH njioTHocra BepoaTHocTH. B cnynae 
QHHOMepHOH (pyHKUHH nJIOTHOCTH BepOHTHOCTH, 

Optimum Detection of Radar 
Targets by Means of 

Polarization Signatures with 
Application of Artificial Neural 

Networks 

V.V. Ryzhakov 

Surgut State University 
E-mail: ryzvit@mail.ru 

Solution of radar targets detection prob- 
lems by polarization signatures implies that 
the detection process is presented as a 
decision-making algorithm, in which the 
decision on target's presence or absence 
should be accepted on the basis of a values 
set of polarization parameters obtained 
at the given instant. In this paper, reali- 
zation of decision-making algorithm in 
logic basis of artificial neural networks is 
suggested for the case of one-parametric 
two-alternative recognition. 

Optimum decision rule 

Polarization parameters are values of 
a random process, therefore the optimum 
detection algorithm may be developed by 
construction of a decision rule, which 
is a ratio of conditional joint probability 
distribution functions (PDF) of radar 
targets' parameters. The ratio is compa- 
red to some threshold determined by 
chosen optimality criterion [1]. 

In real conditions, the only informa- 
tion about radar targets is a set of sample 
values of polarization parameters. 

Using this set, one can determine an 
empirical probability distribution func- 
tion of the targets parameters, and then 
to find PDF estimate by approximation 
of differentiation with using difference 
equations [2, 3]. 

Derivation of expression for estimate 
of the probability distribution function 
was considered in [3]. In the case of uni- 
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T.e. B cjrynae, Koraa npHHarae pemeHHH o HajiH- variate PDF, i.e. when decision making 
HHH HJIH oTcyrcTBHH uejiH ocymecTBjraeTca Bee- on target's presence or absence is carried 
ro no oflHOMy nojiflpH3auHOHHOMy napawceTpy, by only one polarization parameter, the 
BHpäMceHHe ÄJia oueHKH ycJiOBHoft (pyHKUHH expression for estimate of conditional 
itnoTHOCTH BepoHTHOCTH w( x \ S.) nojraproa- PDF w( x | S.) of polarization parameter 
nHOHHoronapaMeTpaxnpHycjTOBHHB03HHKHOBe- x on conditions that event S. 0=0, 1) 
HHH CO6HTHH S. (j - 0, 1) BbiDismHT cjie,iryioiUHM occurs, takes the form 
o6pa30M 

npn HeneTHOM £* =2k}-\ , t = 1, 2,... 

.,,,,   ('-11)(F(X„W„|S,)-F(,(,„_1„|S,))   m (F(",»..tB IS,)- F(x(1,,_k)) | S;)) 

•H8-)- ^=ijs;  J^ ' (1) 

ecjiH if 

x e [JC{2(_1)9X(20) , /= ...,-2,-l,0,+l,+2,...; 

WHS> [äHS ^ ' (2) 
ecjiH if 

npH ieraoM Jt* = 2kj ,k = l,2,... for even value k) = 2kj,k = l,2, ... 

-/   lc\     (1-T'i)(g(X(^))lSi)-f(X(^--»)lSJ)     ^(?(X(^-0)lSi)-g(X(^))lSj)) 
WMSj) = 4k^ + (2V^ ' (3) 

ecjiH if 

x€[x(2(),x(2,+1)),r=...,-2,-l,0,+l,+2,...; 

/ ,   x   0-T»i)(P(x(2(.+k+,»|SJ)-F(x(2<t_k+1))|Sj))   ^(Ffa^sj-Ffc^js,)) 

*(*M= Sä + (2v^ ■ (4) 

ecriH if 

x e [*(2,+i)>*(2.,+2)). ' = .-,-2,-l,0,+ l,+2,...; 

B BHpaaceHHflx (l)-(4) CO6MTHH S0 H 5, co- In expressions (1) to (4), the events 
oTBercTByiOT cJiynaflM OTCVTCTBHH H HajiHHHH iS"0 and 5, correspond to absence and 
uejin;  F(x(m)\Sj) - ycjioBHaa SMnHpmecKafl presence of a target;  F(x(m)\Sj)  is 
(byHKUHH pacnpeflejieHHH BepoHTHOCTH, onpe- conditional empirical PDF determined 
nejieHHaa B TOHKax x(m) (m = ..., -2, -1, 0, 1, 2, in points x(m) {m = ..., -2, -1, 0, 1, 2,...), 
...), npeflCTaBJijnoiirtfx CO6OH rpaHHirbi OTpe3KOB which are borders of grouping segments; 
rpynnnpoBaHHa; h. - junffla orpe3Ka rpymrapOBa- A. is length of a grouping segment; kj is 
HHH; £* - pa3Max armpoKCHMauHH, onpeaejiaeT approximation scope determining scope 
pa3Max onepaTopa, ocymecTBnaioinero annpoK- of an operator, which carries out the 
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cHMauHio onepaiiHH ,mi<P<pepeHUHpoBaHHH 3Mnn- 
pnqecKOH (pyHKUHH pacnpeflejieHHH BepoflTHO- 
CTH ÄJia nojiyneHHH oueHKH (pyHKUHH njiorao- 
CTH BepOHTHOCTH; T). — BeCOBOH K03(p(pHUHeHT 
onepaTopHOH annpoKCHMauHH. 

BbipaaceHHJi (l)-(4) no3BOJiHioT onpeaejiHTb 
3HaqeHHe OUeHKH (pyHKUHH IIJIOTHOCTH BepoflT- 
HOCTH cjiyqaHHoro napaMeTpa x, npn ero nona- 
flaHHH B TOT HUH HHOH OTpe30K rpynnHpoBaHHH. 
ripn 3T0M ycjioBHaa SMnnpHHecKaH (pyHKUHa 
pacnpeaejieHHa BepoHTHOcra F(x(m)\Sj) (pop- 
MHpyeTCH no COBOKynHOCTH BblÖOpOHHblX 3Ha- 
neHHH cjiynaHHoro napaMeTpa x, nojiyneHHOH 
Ha npeflBapHTe^bHOM 3Tane o6yqeHHH [3]. 

B cjiynae flByxajibTepHaraBHoro oaHonapa- 
MeTpH^ecKoro pacno3HaBaHH« pemaiomee npa- 
BHJIO c Hcnojib30BaHHeM onepaTopHbix oneHOK 
pyHKUHH njIOTHOCTH BepOHTHOCTH MOXeT SblTb 
3anHcaHo B cjieayiomeM BHfle [1,3] 

approximation of differentiation of the 
empirical PDF, in order to get the PDF 
estimate; TJ . is a weighting factor of the 
operational approximation. 

The expressions (1) to (4) allow to 
find the estimate of PDF of the random 
parameter x, when it falls into some grou- 
ping segment. In this case, the conditional 
empirical PDF F(x(m) \ Sj) is formed by 
set of sample values of the random 
parameter x obtained at the preliminary 
learning stage [3]. 

For two-alternative one-parametric 
recognition case, the decision rule using 
the operational estimates of PDF can be 
written as [1, 3] 

\n(L(xj) = \n{w{x\Sx))-\n{w(x\S0)) * ln(c), (5) 

rfle L{x) - oneHKa OTHomeHHH npaBflonoflo- 
6HH; W^IS,), W{X\S0) - ouemcH VCJIOBHMX 

(pyHKUHH njioTHocTH BepoHTHocTH cjiyiaHHoro 
napaMeTpa x, npn ycjioBHH HajiHTOH H oTcyr- 
CTBHH ueJiH cooTBeTCTBeHHo; c - nopor, BeJIH- 
HHHa KOToporo onpeaejiaeTca Bbi6paHHbiM Kpn- 
TepneM KaqecTBa npHHjrora pemeHHH. 

Peammimx onTHMaiibHoro peniaiomero 
npaBHJia B jionraecKOM 6a3Hce 
HCKyccTBemibix HeftpoHHMx ceTefi 

AHajiH3 BbipaxeHHH (l)-(5) noKa3bmaeT, MTO 

peajiH3auHH pemaiomero npaBHJia (5) TecHo CBH- 

3aHa c Heo6xoflHMOcTbK> npoBeaeHHH 3Tana o6y- 
qeHHH. Ha STOM 3Tane npoHcxoflHT, BO-nepBbix, 
nocTpoeHHe ycnogHbix SMnnpHHecKHX (pyHKUHH 
pacnpeaejieHHH F(x(m)\Sj), a BO-BTopbix, on- 
peaejieHHe 3HaqeHHH rararx napaMerpoB oueHOK 
(pyHKUHH nnoTHocTH BepoHTHocTH w(xj 5,) and 
w(x\S0), KaK hv Ti,, k\, h0, r\0 H k*0. 

TaKHM o6pa30M, ycTpoHcrao, peanH3yioinHH 
npaBHiro (5) aojixeH 6biTb peajiH30BaH B TaKOM 
JIOTHHeCKOM   6a3HCe,   KOTOpblH   6bl   n03BOJI5UI 
npoH3BOflHTb ero ooyyeHHe. 

B HacTOHmeH pa6oTe B KanecTBe TaKoro 6a- 
3Hca npeflJiaraeTCH jiorHiecKHH 6a3HC HCKyccT- 
BeHHbix HenpoHHbix ceTen [4, 5]. 

HcKyccTBeHHaa HenpoHHaa ceTb, peanH3y- 
romaa pemaiomee npaBHJio (5), 6y«eT Bbiraa- 
jjeTb KaK Ha pHC 1. 

where L(x) is an estimate of the likeli- 
hood ratio; w(x 15,), w(x \ S0) are esti- 
mates of the conditional PDFs of x for 
presence and absence of target, corres- 
pondingly; c is a threshold, which value 
is determined by the chosen quality 
criterion of the decision making. 

Realization of an optimum decision 
rule in logic basis of artificial neural 
networks 

The analysis of (1) to (5) expres- 
sions has shown that implementation of 
the decision rule (5) is closely connec- 
ted with the learning stage. First, at this 
stage the conditional empirical PDFs 
F(x{m)\Sj) are found. Secondly, such 
parameters of PDF estimates w(x 15,) 
and w(x\S0) as A,, TI,, k*, h0, r\0 and 
k*0 are determined. 

Thus, a device realizing rule (5) 
should be implemented in such logic 
basis, which would allow to make its 
learning. 

In the given paper, the logic basis of 
artificial neural networks [4, 5] is sugges- 
ted to use as such basis. 

An artificial neural network realizing 
the decision rule above is shown in 
Figure 1. 
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•«-So- 

»IAH1 

1-ft CJIOÖ 

(1-st layer) 
2-ftcnofi 

(Z-st layer) 
3-ftcjiofi 

(3-st layer) 
4-ftcnofl 

(4-rt layer) 

PHC.1.    HcKyccroeHHaH HeftpoHHaa ceTb, peajiH3yiomaa npaBHJio npHHjmw 
pemeHHH O HajIHHHH HJIH OTCyTCTBHH uejiH 

Fig. 1.    Artificial neuron network realizing decision-making rule on presence or 
absence of a target 
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B HeftpoHHoii cera Hapnc. 1 Hcnojrb3yiorca He- 
rape CJIOH HeflpoHOB. riepBMH cnofl npeflcraBJieH 
flByXBXOflOBblMH HewpoHaMH HL, (/' = 0, 1; / = 1, 
..., N0 aim i = 0; H / = 1, ..., 'Nl AJIH /' = 1) c 
<J)yHKUHeÜ aKTHBaUHH BHfla 

yhjW- 
o, 
i, 

rae x' = ajgix + a>jH>, (g = 2, 4), N, - HHCJIO 

HHTepBajioB rpynnHpoBaHHH. 
TaKyio xe (byrnauiio aKTHBauHH HMOOT Tpex- 

BXOflOBbie HefipoHbi BToporo (H2.,.) H eÄHHcraeH- 
HHH HeftpoH neTBepToro (H4) ciioeB. HefipoHbi 
TpeTbero CJIOH H30 H H3, oöjiaaaioT JiorapHcb- 
MHHeCKOH (^yHKUHeft aKTHBaUHH, T.C (byHKUHeft 
BHAa y3. = ln(x"), rae x" HBJineTCH cyMMapHbiM 
BxoflHbiM CHmajioM HefipoHOB H30 H H3,. 

BecoBbie KosdpcpHUHeHTbi HeftpoHOB nepBO- 
ro CJIOH onpeflejiHK)TCfl BbipaaceHHHMH 

<*,,,= ——, am = /,!.' h. 

In the neural network (Fig. 1), four 
layers of neurons are used. The first layer 
is presented by two-input neurons HI. 
(/ = 0, 1; /= 1,..., iV0for / = 0; and / - l',' 
..., JV for/' = 1) with activation function 

(6) 
JC'<0, 

x'>0, 

where x' = a, , x + aJjg_ul (g = 2, 4), vV. 
is a number of'grouping segments. 

Three-input neurons of the second 
(H2. ) layer and a neuron of the fourth 
(H^ layers have the same activation 
function. The third layer neurons H30 and 
H3, have such logarithmic activation 
function as y3. = ln(x"), where x" is a sum- 
mary input signal of H30 and H3, neurons. 

The weighting factors of the first 
neurons layer are determined as 

> aix< h,        ' 

1 
ajA>=-, (7) 

rae xmjnj - MHHHMajibHoe 3HaneHne coBOKyn- 
HOCTH Bbi6opoHHbix 3HaMeHHfi, nojiyHeHHbix npn 
yCJIOBHHX S. (/ = 0, 1). 

BecoBbie KoacbcpHinieHTbi HeftpoHOB TpeTbe- 
ro CJIOH b., onpeaeJifliOTCH BbipaxeHHHMH (1)- 
(4), 3a HClOIIOHeHHeM KOSdMpHUHeHTOB b0fl H blfi. 
C TOMKH 3peHH3 noJiyneHHH onepaTopHb'ix oue- 
HOK (byHKUHM nJIOTHOCTH BepOHTHOCTH 
W(JC| 5,) H W(X\ S0) 3HaMeHHfl 3THX K03(J)CbH- 
UHeHTOB flOJÜKHbl 6bITb paBHH HyJIIO. OflHaKO flM 
HCKJIIOHeHHH CHTyaiTHH, npH KOTOpofl B HefipO- 
He TpeTbero CJIOH 6yaeT npoHcxoflHTb BbiHHCjie- 
HHe HaTypajibHoro jiorapHdpina OT HVJIH, 3Hane- 
HHH 3THX KOSdXDHUHeHTOB Heo6xOflHMO npHHHTb 
paBHHMH HeKOTOpOH MHHHMajIbHOH BeJIHHHHe. 

B HeßpoHHofi ce™ pHC. 1 HeftpoHH nepBoro 
H BToporo CJIOH pemaioT 3aflany onpeaejieHHH 
HHTepBajia rpynnnpoBaHHH, B KOTOPHH nona- 
flaeT 3HaTOHHe cjiynaftHoro napaMeTpa x. Hefl- 
poHbi TpeTbero CJIOH ocyiuecTBJiHioT onpeaejie- 
HHe 3HaieHHH onepaTopHOH oueHKH ycjiOBHbix 
(bVHKUHH BepOHTHOCTH Ha 3TOM HHTepBajie H 
BbiHHCJieHHe HaiypajibHoro jiorapH(J)Ma OT STHX 

3HaieHHft. HeftpoH neTBepToro CJIOH ocymecTB- 
jineT npHHHTHe peuieHHH o najimmi HJIH OT- 

CVTCTBHH o6Hapy«MBaeMoft uejin. 3HaneHHe z =1 
cooTBeTCTByeT CHTyauHH HajiHMHH oÖHapyaoi- 
BaeMoft uejiH, a z=0 cooTBeTCTByeT CHTyauHH 
OTCVTCTBHH UeJIH. 

where xmin; is the minimum value of the 
samples set obtained on conditions Sj (J = 
0, 1). 

The weighting factors of the 3rd neu- 
rons layer *.; are found from (1) to (4) 
expressions except for bQ0 and bx(j fac- 
tors. In the view of getting the opera- 
tional estimates of PDFs w(x \ 5,) and 
w(x \S0), these factors should be equal 
to zero. However, in order to exlude a 
possibility of caclulation of natural loga- 
rithm of zero in the 3rd layer, the factors 
values should be set equal to some mini- 
mum value. 

In the neural network in Fig. 1, the 
first and second layer neurons deter- 
mine the grouping segment, in which 
the random parameter x falls. The third 
layer neurons determine the operational 
estimate of conditional PDF for this 
segment and calculate natural logarithms 
of these values. The fourth layer neuron 
makes decision on presence or absence 
of the detected target. Values z=l and 
z=0 correspond to the cases of the 
target's presence and absence, correspon- 
dingly. 
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AnropHTM o6yneHHfl HeftpoHHOH cera 3ax- 
jiiOHaeTCfl B TaKOM nofl6ope napaiweTpoB one- 
paTOpHOH OUeHKH (H, COOTBeTCTBeHHO, BMHHC- 
JieHHH BeCOBHX K03(p4>HUHeHTOB), npH KOTOpOM 
npH Bbi6paHHOM KpHTepHH onTHMajibHocTH ao- 
crarajiacb 6bi 3aaaHHaa BepoaTHocTb OUIHGKH 

npHHHTHH peuieHHH. B npouecce HacrpoHKH cem 
TaKxe onpeÄejmeTCfl H o6mee KOJIHHCCTBO Heß- 
poHOB nepBoro H BToporo cjioeB. 
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The learning algorithm of a neural net- 
work consists in such parameters selection 
of the operational estimate (and, therefore, 
calculation of the weighting factors), 
which provides the given probability of 
decision making error for the chosen opti- 
mality criterion. During the network tuning, 
total number of the first and second layer 
neurons is also found. 
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In the given paper, approach allowing to detect 
subsurface low-contrast (by dielectric pro- 
perties) objects with attracting data on 
reflected electromagnetic signals is suggested 

BBcaeime 

Hcnojib30BaHne reopaaapa Ana oßHapyxeHHH 
nounoBepxHOCTHbix O6I«KTOB npeanojiaraeT cxa- 
HHpoßaHHe noBepxHOcra CHraanoM FF n o6pa- 
6oTKy oTpa>KeHHoro cHmajia FR. 06MHHO, Mare- 
MaraHecKaH o6pa6oTKa CBOAHTCH K nocTpoeHHio 
c HeKOTopbiM uiaroM H3OJIHHHH «aMnJiHiyflbi» - 
MaKCHMaribHoro 3HaneHHfl FR (HUH HHOH, MO- 

aceT 6biTb, HHTerpajTbHOH xapaKTepHCTHKH) Bcex 
OTpa>KeHHbix cHraajioB. IlojiyMaeMbie npn STOM 

KOHTypbl   n03B0^HK)T  o6pHCOBaTb   OHepTaHHe 
oöteicra npH nanwmw flocraTOTHoro KOHTpacTa 
no aHSJieicrpHHecKHM cBOHCTBaM o6T>eicra H cpeffbi. 
Koraa TaKOH KOHTpacT Man H, K TOMY xe pa3- 
Mepbi o6teKTa HeBeaHKM, npHXOflHTca npw6e- 
raTb K apyrHM, 6ojiee H3ompeHHHM crroco6aM 
o6Hapy>KeHHfl. K HX nncjiy OTHOCHTCH H Ham 
noaxofl. 

1. MeTOfl BMHBaeHHH CTpyKTyp 

ripeAnaraeMbiH HaMH utron. ~ B aaabHefiiiieM 
6yaeM ero Ha3biBaTb MeroaoM BMHBJICIIHH crpyK- 
Tjp (MBC) - 6a3HpyeTca Ha noaxoae, KOTO- 

pHH MO>KHO oxapaKTepH30BaTb KaK cnocoS 06- 
napy*eHHfl 3aK0H0MepH0CTefi B SMnHpHiecioix 
aaniibix [1]. Ero npHMeHeHHe K STOH 3aaane oc- 
HOBbiBaeTca Ha npocTOH Hflee Haxo>KAeHHH npo- 
CTpaHCTBeHHbix ToneK, oSaaaaioiaHX Han6ojib- 
UieH   KOHTpaCTHOCTbK),   OTHOCHTejIbHO  flpyTHX 
«cpoHOBbix» ToneK. Haanwe noa noBepxHocrbio 

Introduction 

The use of a georadar for detection 
of subsurface objects meams the surface 
scanning by signal FF and processing of 
reflected signal FR. Usually, the mathe- 
matical processing consists in plotting 
"amplitude" (maximum value FR or may 
be another integrated performance) iso- 
grams with some increment for all 
reflected signals . The obtained contours 
allow to depict an outline of objects if 
there is sufficient contrast in dielectric 
properties of object and medium. When 
the contrast is low, and object sizes are 
small, it is necessary to use other, more 
refined, detection methods. Our approach 
refers to their number also. 

1. Method of structures revealing 

Our method is based on the appro- 
ach which can be characterized as detec- 
tion method of regularities in empirical 
data, and we shall call it as method of 
structures revealing (MRS) [1]. This 
method is grounded on simple idea of 
finding space points having the most 
contrast range relatively other "back- 
ground" points. The presence of objects 
under surface with other permittivity 
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oöbeicra c apyrofi AHSjieicrpHMecKOM npoHHuaeMo- 
CTblO npHBOflHT K HCKaxeHHK) OTpaxceHHoro CHT- 

Hana FR B oöJiacTH HaxoameHHH o&beicra no cpaB- 
HeHHK) C «dx>HOBbIMM» TOHKaMH. 9lM KOHTpaCTHbie 
TOHKH H BblHBJWIOTCfl flaHHilM MCTOflOM. VL eCJIH 
3TH TOHKH pacnOJIOXCeHbl KOMnaKTHO HJIH fleMOH- 
CTpwpyiOT HHJTO npocTpaHCTBeHHyro 3aKOHOMep- 
HOCTb, TO 3Ta COBOKynHOCTb TOieK MOXeT 6bITb 
JIH6O o6T>eKTOM, JIH6O npocTO flHSjieicrpHHecKOM 
HeoflHopoflHocTbio cpeflbi, o6pa30BaHHOH, Ha- 
npHMep, noBbimeHHOH BJiaacHocTbio rpyHTa. 

MeTOfl OTHOCHTCH K rpynne MCTOAOB, HC- 

nojib3yiomHX npeflCTaBJieHHH TeopHH rpa<|)OB [2], 
H npeOTa3HaneH ma oÖHapyxeHHH 3aKOHOMep- 
HOCTeft B SKcnepuMeHTanbHbix aaHHbix JIK>6OH 

npwpOÄbi. Bojiee noapo6HO STOT MeTOfl H3jio- 
aceH B [3]. B caMofl o6ineft nocTaHOBKe 3aaaqa 
4>opMyjiHpyeTca cJieayioiriMM o6pa30M: HMeeT- 
cfl N oÖTieKTOB, KaambiH o6i.eKT xapaKrepH3y- 
eTca Ha6opoM KomcpeTHbix 3HaneHHH no Kaac- 
aoMy H3 MnpH3HaKOB. Heo6xoj[HMo pa36nTb BCK> 

COBOKynHOCTb o6i>eKTOB Ha HeSojibinoe IHCJIO 

KjiaccoB (cTpyKTyp) TaK, HTo6bi B Kaxflbrä loiacc 
BxoflHJiH o6ieKTbi, o6jiaaaiomHe MaKCHManbHoft 
cxoacecTbio. Hm^e roBopa, Haao CTpyKrypHpo- 
BaTb aaHHbie. 3TO nepBbifl 3Tan oÖHapyxeHHa 
3aKOHOMepHocTeH. VLMCH noaoÖHoe pa36neHHe 
MoacHO peuiaTb H Gojiee TOHKne 3ajaHH, BHHB- 

jiaTb .npyrne CKpbiTbie CBH3H. 
B npHjioxeHHH K 3ana4e o6Hapy>fceHHH nofl- 

noBepxHocTHbix o&beKTOB MeTOfl BbiraaaHT cjie- 
ayiomHM o6pa30M. 

HccjieayeMaa noBepxHocn. noKpbiBaeTCH pe- 
ryjiapHOH (He o6a3aTejibHo, BooSme roBopa) 
ceTKofl, B Kaxcfloft TOMKe xr (i=l,...,kx; j=l,...,ky) 
KOTopofl HMeeTca oipaaceHHbiH CHI-HM, npen- 
CTaBJiaiomHH co6ofl BeKTOp pa3MepHOCTH M, T.e. 

results in distortion of the reflected signal 
FR in the area containing an object in 
comparison with the "background" points. 
It is the contrast points that are revealed 
by the given method. If the points are 
located compactly or show other spatial 
regularity, then this points assemblage 
can be either object or a dielectric 
inhomogeneity of medium formed, for 
example, by increased moisture of soil. 

The method belong to the group of 
methods using representations of graph 
theory [2] and is intended for detection 
of regularities in experimental data of any 
nature. In more details, this method was 
described in [3]. In general, the problem 
is formulated as follows. There are N 
objects, each of which is characterized 
by set of specific values for every of M 
attributes. It is necessary to divide all 
assemblage of objects into small number 
of classes (structures) so that each class 
includes objects having the maximum 
similarity. In other words, it is necessary 
to structure the data. It is the first stage 
of regularities detection. Having the 
similar separation, it is possible to solve 
and more fine problems, and reveal 
other latent relations. 

As applied to detection of subsurface 
objects, the method looks as follows. 

The explored surface is plotted by 
regular (not necessarily) grid, where 
in every point x. (/'=l,...,fcc; j=\,...,ky) 
there is reflected signal as M-dimensioanl 
vector, i.e. 

nm,f(t2),...,f(tM)) : Ay — -"V > (1) 

rae /(/.) - 3HaneHHe OTpaaceHHoro cwraajia B 

MOMeHTBpeMeHH r., a k=\,...,N. B npocrpaHCTBe 
Q pa3MepH0CTH L (6yaeM o6o3HanaTb Q(I)), 
06pa30BaHH0M KOOpflHHaTHHMH OCflMH f,,^,...,^, 
TaKOH BeKTOp OT06pa3HTCH B TOHKy C KOOpflHHa- 
TaMH /(/,), f[t2),..., f{tM). y Hac N cHrnajioB 
(N^kx-ky), nosTOMy B STOM npocrpaHCTBe 6yneT 
N ToneK Fk. HCHO, HTO ecjiH flBe TOMKH 6yiryr 
6JIH3KO Äpyr OT flpyra, TO cooTBeTcrayiomHe CHT- 

Hajibi (KaK dpyHKUHH) 6yayT noxoacn flpyr Ha 
apyra. B STOM cjrynae HX MOXHO oraecTH B O^HH 

xnacc. B nporaBHOM cjryqae OHH flonxHbi nonacTb 
B pa3Hbie KJiaccbi. B KanecTBe Mepw CTeneHH 

where f[Q is the reflected signal at instant 
/., and k=\,...,N. In L-dimensional space 
Q. (denoted by Q(L)) formed by coordi- 
nate axes t{,tv...,tM, such vector will be 
mapped into point with coordinates /(/,), 
/(/2),..., fitM). We have #signals (N=kx-ky), 
therefore, in this space will be N points 
Fk. It is clear that if two points will close 
to each other, the corresponding signals 
(as functions) will be similar. In this case 
they can be attributed to one class. 
Otherwise, they should be put in different 
classes. A measure of the points proximity 
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6JIH30CTH OÖblHHO HCnOJIb3yK>T noHATHe paccTO- 
HHHH Meayry TOHKaMH. ,H,Ba o6T>eKra 6y/ryT noxo- 
XH flpyr Ha Äpyra, eaiH paccroHHHe Meaqry HHMH 

Mano. A 3TO 6yaeT B TOM cjiynae, Kor/ja COOTBCT- 

CTBJTOmHe 3HaMeHHfl npH3HaKOB am 3THX O&beK- 
TOB oTJiHMaioTCJi flpyr OT flpyra He3HaHHTejibHO. 
PaCCTOHHHe  M02CH0  BbIHHCJIHTb  pa3JIHHHMMH 
cnoco6aMH B 3aBHCHMOcm OT CBOHCTB npocrpaH- 
CTBa Q(L). ECJIH MH cHHTaeM npocTpaHCTBo 
Q(Z.) eBKJIHflOBbIM, TO paCCTOHHHe Mexay TOH- 
KaMH paccHHTbiBaeTca icax KopeHb KBaflparabiM 
H3 KBaapaTOB pa3HocTefl KOopflHHaT. Tenepb, HTO- 

6w pacnpefle/iHTb Bce TOHKH no joiaccaM, Ha#o 
noHHTb, KaK OHH pacnojioaceHbi B Q(L). ACHO, 

HTO 3T0 6y,HeT 3aBHCeTb OT Bbl6paHHOH MeTpH- 
KH, TaK HTO 3fleCb HMeeT MeCTO HeOflH03HaH- 
HOCTb. OflHaKO, npH HCnOJIb30BaHHH CHJIbHHX 
iiiKan ana onwcaHua npH3HaKOB, pe3yjTbTara, 
KaK npaBHJio, He cwJibHo 3aBHCflT OT Bbiöopa 
MeTpHKH. EcTb pa3Hbie MeTOflbI KJiaCCH(J)HKaimH, 
npHBOflfliUHe K pa3HHM pe3yjibTaTaM, HO, K 

coxajieHHK), HeT oöteKTOBHoro KpHTepwa, KO- 

TopbiH no3BOJi5Ui 6bi CKa3aTb KaKoe pa36HeHne 
flBJiaeTCH onraManbHbiM. MBC o6jiaflaeT uejibiM 
pHflOM npeHMymecTB nepea /rpyrHMH MeTOflaMH. 
CaMoe raaBHoe cpenH HHX cjiezryiomee - He Hyac- 
Ha HHKaKaa anpHopHaa HHcpopMauHH o KOJIH- 

qecTBe KJiaccoB. CTpyicrypa sKcnepHMeHrajibHbix 
aaHHbix BbiflejiaeTCfl ecTecTBeHHbiM o6pa30M 6e3 
Hcnojib30BaHHH npoue/ryp caMocorjiacoBaHHH. 

2. AnropHTMM MBC 

2.1 ÄAZopumm KjiacaufruKaufiu 

KaXflOH npOCTpaHCTBeHHOH TOHKe Xk CTäBHT- 
cji B cooTBeTCTBHe BepuiHHa k HeKOToporo rpa- 
(pa G. flanee, paccHHTbraaiOTCH paccTOHHHH d.j 
MejKay KaacaoM napow roneK x, H X. KaxflOH ,nyre, 
coeflHHHiomeH BepiiiHHbi i-ro H /-ro rpacpa, npn- 
cBaHBaeTca cTOHMOCTb (ßec), paBHaa paccTOH- 
HHK) d.. B npOCTpaHCTBe npH3HaKOB Q(I) Mex- 
ay TOHKaMH x, v. x.. nojiynaeTCH nojiHbrii rpacp, T.e. 
Kaautaa BepuiHHa CBH3aHa co BceMH ocrajibHMMH 
N-\ BepuiHHaMH. ECJIH Tenepb nocjieaoBaTeJibHO 
yjjajmTb H3 rpatpa jryrH c 6ojibiiioH CTOHMOCTHO, 

TO, HaHHHaa c HeKoroporo MOMenra, HCXO/JHMH 

rpaip CTaHeT HecBH3HMM. Kaxflaa KOMnoHeHTa 
CBH3HOCTH COflepXHT B Ce6e OTHOCHTeJIbHO KOM- 
naKTHO pacnojioxeHHbie TOHKH B npOCTpaHCTBe 
Q(I). ripoflOJDKaa 3Ty npoue/rypy, MH 6yaeM no- 
jiynaTb Bce HOBbie H HOBbie KOMnoHeHTbi CBJBHO- 

CTH C pa3HbIM KOJIHHeCTBOM BeplIIHH. 
Kaamyio KOMnoHeHTy CBH3HOCTH 6yaeM Ha- 

3bIBaTb KJiaCCOM. KoJIHHeCTBO KIiaCCOB, KOTopoe 
Haflo BioiiOHaTb B pe3yjibTHpyjomyio KJiaccH(pH- 
KauHK), onpeaejiaeTca uejibio HccjieaoBaHHH. 

is a distance between these points. Two 
objects will be similar if a distance 
between them is small. This will take place 
in the case when the corresponding at- 
tributes for these objects differ from each 
other slightly. The distance can be found 
by different methods depending on the 
space Q(L) properties. If we consider 
the space as Euclidean, the distance 
between points is a root square of squares 
of coordinates differences. To classify all 
points, it is necessary to understand how 
they are located in Q(L). It is clear that 
it will depend on the chosen metric, so 
that we have some ambiguity. However, 
with the use of the strong scales for the 
attributes description the results depend 
not strongly on the metric choice. There 
are various classification methods, 
which lead to different results. Unfortu- 
nately, there is no objective criterion 
which would allow to tell what separation 
is optimum. MSR has a lot of advantages 
compared with other methods. The most 
important consists in that we need no 
any a priori information about number 
of classes. The structure of experimental 
data is revealed naturally without using 
procedures of the self-coordination. 

2. MSR algorithms 

2.1 Algorithm of classification. 

Each space point is associated with 
vertex k of some graph G. Then, the 
distances dr between each pair of points 
x. and x. are calculated. A cost (weight) 
equal to distance rf.in space of attributes 
Q(L) between points x. and x; is attri- 
buted to each arc connecting vertices of 
/-th and /-th graph. Thus, we get com- 
plete graph, i.e. each vertex is connected 
to all other N-l vertices. Now, if consis- 
tently delete arcs with large costs from 
the graph, that since some moment the 
initial graph becomes inconsistent. Every 
connectedness component comprises a ra- 
ther compactly spaced points. Procee- 
ding with this procedure, we will get 
new components of the connectedness 
with different number of vertices. 

Let call every connectedness compo- 
nent as a class. The number of classes to 
be included in the final classification 
depends on the purpose of studies. 
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2.2. ÄAiopumM HaxoMdeHUH KOitmpacmHbtx 
moneK 

Ha ocHOBe Meroaa MBC 6HJIH co3flaHbi n 
flpyrae, 6o.nee npocrue ajiropHTMbi o6Hapy>Ke- 
HHH CTpyKTyp, KOTOpwe He Hcno^b3yiOT npo- 
ue^ypH BbmejieHHH KOMnoHeHT CBH3HOCTH. 3flecb 
npHBOflHTCH OflHH H3 HHX. 

B 3TOM ajiropHTMe Taioce yaaraiOTCH zryrn, HO, 

HaqHHaa c ayr c MajibiM BecoM. 3aTeM nocjiezio- 
BaiejibHO (c HeKOTopbiM iuaroM no BejiHHHHe) 
H3 rpadpa ygaraiOTCH ayra co Bee öojibuieH H 6ojn>- 
uieH CTOHMOCTbio. Ha Ka>KflOM mare BeaeTca pac- 
neT creneHefl Bcex BepuiHH rpatpa sk. CTeneHbK) 
BepuiHHbi Ha3biBaeTca HHCJIO ayr, CBH3biBaK>mHX 
3Ty BepmHHy co BceMH ocTanbHHMH. noaroMy 
BepiuHHa k*, oöjiaaaiomaa MaKCHManbHbiM 3Ha- 
neHHeM sk, 6yneT MaKCHMam>HO yaajieHHoft OT Bcex 
ccrajibHbix BepuiHH rpacpa. B pe3yjn>TaTe STOM npo- 
ueaypbi opopMHpyeTCH coBOKynHocTb BepuiHH, 
OOJiaflajOIUHX HaHÖOJIblUHMH 3HaMeHHHMH sk, KO- 
Topaa H 6yfleT npencraBJiHTb coöofi MHOscectBo 
HaHÖojiee KOHTpacrabix ToneK. 

flaHHbie anropHTMbi o6jiaaaiOT cjiejiyioinHMH 
flOCTOHHCTBaMH: 
- npoHBJiHeTCH flaace Heöojibuiaa pawnma B m- 

sjieicrpHHecKHx CBoftcTBax, nocKOJibKy OTBIC- 

KHBaioTca T04KH OTHocHTejibHoro KOHTpacxa; 
- c Hcnojib30BaHHeM no^oÖHbix npoueflyp MOX- 

HO HaftTH BpeMeHHoe OKHO, rae cymecTByeT 
HaH6ojibiuee oTJinqne Mcxjxy OTpaxeHHbiMH 
CHrHajiaMH. B STOM cnyqae, BepiiiHHaM rpacpa 
CTaBHTCfl B COOTBCTCTBHe BpeMeHHbie OTCHe- 
Tbl, a pOJlb npH3HaKOB BbinojIHHIOT npocTpaH- 
CTBeHHbie TOHKH; 3aTeM CHOBa BbiHHoraeTCH 
MaTpHua paccTOHHHfl D={d.} H npHMeHfleT- 
cfl JH060H H3 BbimeynoMflHyTbix ajiropHTMOB. 

3. Pe3yjibTaTM 

MeTOfl 6bui Hcnojib30BaH ann o6Hapy>KeHMH 
HecKOJibKHX oöieKTOB, pacnojioxeHHbix B cyxoM 
necKe Ha pa3Hbix rjiyoHHax, a Taicxe Ha noBepx- 
HOCTH. PHCyHKH, npHBefleHHbie HHXe, 0TH0C3TCH 
K flaHHHM, nojiyneHHbiM Ha OäHOM creHae. Illar 
no OCHM 10 CM. OrpaxeHHbiH cnraan 3aaaBajica 
256 OTcneTaMH B 121-OH npocrpaHCTBeHHOH TOM- 

Ke. nOJWpH3aUHOHHbie SCpCpeKTbl HMHTHpOBajIHCb 
HanpaBjieHHeM flBHxeHHH aHTeHHH. Tax, npH «- 
opneHTaHHH KHpnHH pacnojiaranca naparaejibHo 
HanpaBneHHio ABioKeHHfl aHTeHHbi, npn p-opneH- 
TaiiHH - nepneHOHKyjiHpHo, H npn s - nofl JTJIOM 

45°. BeroiMHHbi B KaxflOH HHeftKe Ta6jiHUbi xapaK- 
TepH3yioT CTeneHb KompacTHOCTH aaHHoft npo- 
crpaHCTBeHHOH T04KH. 3areMHeHHbie KUCIKH OT- 

2.2. Algorithm for contrast points 
searching 

Based 011 the MSR method, other 
more simple algorithms of structures 
detection, which do not use procedure 
of selection of the connectedness compo- 
nents, have been developed. Below we 
present one of them. 

In this algorithm, the arcs are deleted 
starting with arcs having small weights. 
Then, step by step the arcs having more 
cost are deleted from the graph sk. At each 
stage, calculation of all nodes extents of 
the graph is performed. The vertex extent 
is a number of the arcs connecting this 
vertex with all others. Therefore, the vertex 
k* with maximum value will be as much 
as possible distant from all other nodes 
of the graph. As a result of this procedure, 
the set of vertices having maximum values 
sk is formed, which will represent the 
most contrast points totality. 

The given algorithms have the 
following advantages: 
- since the points of relative contrast 

are found, even small difference in 
dielectric properties is manifested; 

- with the use of similar procedures it 
is possible to find a time window where 
there is the largest difference between 
reflected signals. In this case, time 
samples are compared to nodes of a 
graph, and space points play the role 
of attributes; then the distance matrix 
D={d) is calculated again, and any of 
the mentioned algorithms is applied. 

3. Results 

The method has been applied for 
detection of some objects located in dry 
sand at different depths and on the 
surface. The figure shows data obtained 
on the same test-bench. The increment 
along the axes is 10 cm. The reflected 
signal was set by 256 samples in 121-st 
space point. The polarization effects were 
simulated by direction of the moving 
antenna; with «-orientation a brick was 
aligned in parallel to the antenna 
movement direction, at p-orientation it 
was perpendicular, and at 45° under s- 
orientation. Each value in the Table cell 
characterizes the contrast degree of the 
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HOCHTCH K cyxoMy KHpmiHy, 3aKonaHHOMy xax, HTO 

ero BepxHan rpaHb pacnojiararach Ha OAHOM ypoB- 
He c noBepxHocTbio necKa. 

given space point. The dark cells refer to 
dry brick burden so that its upper edge 
was at the same level as the sand surface. 

0 0 0 0 0 0 0 0 0 0 0 

0 11 16 16 5 0 6 9 15 12 0 

0 8 12 10 4 0 5 6 15 15 0 

0 25 8 14 29 30 23 5 5 9 0 
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a) 
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0 67 4. 17 17 15 4 10 18 23 0 

0 0 0 0 0 0 0 0 0 0 0 
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0 0 0 0 0 0 0 0 0 0 0 

0 14 11 12 14 19 18 17 5 7 0 

0 25 13 13 12 4 2 2 2 5 0 

0 36 19 22 43 H47 27 8 18 0 
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PHC. H3o6paxeHHe KHpnma Ha noBepxHOCTH am cJKÄViomHX 
cjiynaeB: a) B /i-opneHTaunn, b) B p-opneHTauHH, c) B S- 

opneHTaunH 
Fig.        Image of a brick on surface for the cases: a) /j-orientation, b) p- 

orientation, c) ^-orientation 

c) 
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Hcnojib30BaHne nojrapH30BaHHoro cHraana 
no3BOJiaeT yroHHHTb cpopMy oGteicra, ero opu- 
eHTaUHK) B npOCTpaHCTBe, HMfMCb, TeM CaMHM, 
He06X0flHMHM SJieMeHTOM ÄJIH HfleHTH(J)HKaUHH 
o6T>eKTa. 

The use of polarized signal allows to 
detail the objects shape and spatial 
orientation, being thereby the necessary 
part of subsurface objects identification. 
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The paper presents a short review of expe- 
rimental investigations of UHF wave pro- 
pagation conditions over the West Siberia. 
There is given information concerning the 
equipment for experiments and opportunity 
to expand investigations of radiosignals 
structure in the area 

KpaTKHH 0630p npoBe/iemibix HccjieAOBamiH Short review of the experiments 

3KcnepnMeHTajibHbie HccjieaoBaHHH pacnpo- 
crpaHeHHfl paflHOBOjm YKB flHana30Ha H conpa- 
aceHHbie HccnefloBaroiH rnapoMereopojiornMecKHX 
xapaicrepHCTHK HHXHCH aTMOcrhepbi Ha TeppHTO- 
pHH 3anaflHofl CHöHPH Hanajiwcb B KOHue 50-x rr. 
npoiiuioro CTOJICTHH H npoaoJiacaiOTCH c nepe- 
pbiBaMH flo HacToamero BpeineHH. 

B ToMCKe B 1958-1961 rr. cöipyzmHKaMH TOM- 

CKoro nojiHTexHHHecKoro HHcraTyra, a B aanb- 
HeftmeM - ToMCKoro rocynapcTBeHHoro yHHBep- 
CHTCTa CHCTeM ynpaBJieHHH H paflHoarceicrpoHHKH 
(TYCyP), 6MJIH npoBefleHH HccjieflOBaHHH 
CTpyKTypbi npHMblX paHHOJIOKaHHOHHMX CHTHa- 
JIOB 3-CM flHana30Ha B ycjioBHax npaMofl BHOT- 

MOCTH   H  B  30He flHCnpaKUHH   BOKpyr 3eMHOH 
noBepxHOCTH Ha c;ia6o nepece^eHHOH Mecrao- 
CTH,   nOKpblTOH JieCHOH  paCTHTeJTbHOCTblO   [1]. 
MccjieflOBaHHH BmiioHajiH B ce6a /uiHTejibHoe 
H3yneHHe ypoBHH CHraanoB H HX 6bicTpbix H 

MefljieHHbix dpjiyKTyauHH, npocTpaHCTBeHHOfl 
(nonepe^HOH) KoppejiHUHH ypoBHa cnrHajia, 
yrJioB npHXoaa BOJIHM (B TOM HHCJie c a6co- 
JHOTHOH  TOnorparpHHeCKOH  npHBH3KOH),  Bpe- 
MeHHbix H npocTpaHCTBeHHbix (nonepeHHbix) 
CTpyKTypHbix (pyHKUHH (pa3bi. Ebuia noKa3aHa 

Experimental investigations of UHF 
radiowaves propagation and attendant 
investigations of hydro-meteorological 
characteristics of low-level atmosphere 
started in West Siberia at the end of fifties 
of the last century and goes on up to now. 

People from Tomsk Polytechnic 
Institute in 1958-1961 and further from 
Tomsk State University of Control Systems 
and Radioelectronics (TUCSR) carried 
out experiments meant to investigate the 
structure of 3-cm band direct radar sig- 
nals within line-of-sight coverage and in 
the diffraction zone over the cross country 
covered with the forest [1]. Experiments 
included investigation of the signal level 
and its fast and slow fluctuations, the 
spatial (cross) correlation of the signal 
level, angles of arrival (including absolute 
topography affixment), time and spatial 
(cross) structural phase functions. The 
possibility to measure arriving angles by 
the phase method with the error less than 
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npaKTHHecKan BO3MoacH0cn> H3MepeHHH ynioB 
npuxofla cpa30BbiM MeroflOM c norpeuiHOCTbio 
MeHee OäHOM yraoBon MHHyrbi Ha oncpbiTbix H 
nojry3aKpbiTbix rpaccax npoTjaceHHOCTbio no 30- 
40 KM. B nocneflyroiime roflbi HccjiefloBaHHH 6HJIH 
npoflonxeHbi Ha npH3eMHbix Tpaccax 6ojibineH 
nporaxeHHocTH (no 200 KM). 

MeTOflHKa H3yneHHa npocrpaHCTBeHHO-Bpe- 
MeHHoft cTpyKrypH nojiH npHMbix paflnojioKauH- 
oHHbix cHraajioB, pa3pa6oTaHHaa npn npoBeae- 
HHM SKcnepHMeHTOB B paftoHax 3anaflHoft 
CH6HPH, 6bma ncnojib30BaHa KOJIJICKTHBOM 
HUM PTC TYCYP B nocjieflyiomHe roflbi npn 
HccjiezioBaHHKX JJJP YKB B pa3m«Hbix paftoHax 
CoBeTCKoro Coi03a (BOCTOHHHH KaBKa3 H ce- 
BepHaa nacTb KacnnncKoro Mopa, ceBepo-Boc- 
ToiHan qacTb HepHoro Mopa, CaxajiHHCKaa 06- 
jiacTb H K»tcHaH nacrb OxoTCKoro Mopa), a TaKxe 
B ueHTpaJibHOH H ceBepo-3anaflHoft qacTax TH- 

xoro OKeaHa [2-7]. 
CoTpyflHHKaMH CHÖHpCKOrO (pH3HKO-TeXHH- 

necKoro HHCTOTyra npn TOMCKOM rocyHHBepcn- 
Teie (COTH) B 80-X rr. npoBcaeH UHKJI nccjie- 
AOBaHHH pacnpocTpaHeHHH paflHOBOJiH CBH 
anana30Ha B ropoae c loyneHHeM MHorojiyqe- 
BOH cTpyKTypw nojia [8]. COTH B coTpyuHHHe- 
CTBe c OTflejioM paaH0<|>ii3HKH KpacHoapcKoro 
(pHJinajia CO PAH npoBcaeHH TaioKe onbiTbi no 
onpeflejieHHK) xapaicrepHCTHK CBH cHraanoB, 
OTpa>KeHHHX OT JieCHblX MacCHBOB. 

HHCTHTYTOM ecTecTBeHHbix HayK BypsiTCKO- 
ro (pHjmajia CO AH CCCP npoBefleHbi cepHH 
3KcnepHMeHTOB no H3yqeHHK> ociia6jieHHH, 
(JwiyKTyauHH H nonapH3auHOHHbix HCKaacemiH 
CHraanoB CBH npn flTP B pawoHax BOCTOHHOH 
CH6HPH, a Taoce npn .zuKppaKUHH YKB Ha rop- 
HHX MaccHBax [9-11]. 

B 1978 TOW B ToMCKe Ha 6a3e TYCYP, COTH 
H HHCTHTyra onraKH axMoccpepbi CO AH CCCP 
6biJia npoBe^eHa 12-a BcecoKWHaa KOHepepeH- 
UHH no pacnpocTpaHeHHK) pa^HOBOJiH. 

C 1990 r. B HHH PTC TYCYP npoBe^eHa ce- 
pna SKcnepHMeHTOB no onpeflejieHHio (pjiyicrya- 
UHH BpeMeHH pacnpocTpaHeHHH cnrHajiOB H 
OUIH60K H3MepeHHH pa3HOCTH MOMeHTOB npn- 
xofla B pa3HeceHHbie nyHKTH Ha pa3JiMHbix Ha- 
3eMHbix ipaccax pjnmoVi no 100 KM [12]. Pe3yjib- 
TaTH 3THX HccjieflOBaHHH Hcnojib3yK)Tca npn 
npoeicrapoBaHHH Ha3eMHbix pa3H0CTH0-aanbH0- 
MepHbix HaBHrannoHHbix CHCTCM. 

HccneflOBaHHH nojmpH3auHOHHHX xapaicre- 
PHCTHK paflHocnrHajiOB cam-HMeTpoBoro flnana- 
30Ha HaqanHCb B TYCYP B KOHue 60-x rr. H npo- 
aojDKaioTca c nepepbiBaMH no HacroHiiiero Bpe- 

one angle minute over open and semi- 
open paths up to 30-40 km long was shown. 
In the following years the investigation 
continued over longer paths up to 200 km 
long. 

Method of time-spatial field structure 
of the instant radar signals investigation, 
worked out in the process of experiments 
in West Siberia, was used by the people 
from the Research Institute of Radio 
Systems TUCSR later in experiments 
carried out at different regions of the 
USSR (Eastern Caucasus and the 
Northern part of the Caspian Sea, North- 
Eastern part of the Black Sea, Sakhalin 
region and the Southern part of the Sea of 
Okhotsk) and at the central and Northern- 
Western parts of the Pacific Ocean [2-7]. 

In the eighties, people from Siberian 
Physical-Engineering Institute (SPEI) at 
the Tomsk State University investigated 
UHF waves propagation in urban areas 
and multi-beam structure of the field [8]. 
SPEI in cooperation with the Physical 
department of the Krasnoyarsk branch of 
the SB RAS investigated characteristics of 
UHF signals scattered by forestry. 

Some experimental investigations of 
attenuation, fluctuations and polarization 
distortions of UHF signals in beyond the 
horizon troposphere propagation (HTP) 
in the Eastern Siberia as well as UHF waves 
diffraction in the mountains were carried 
out by Buryat Institute of Natural Sciences 
(SB RAS) [9-11]. 

The 12-th Ail-Union Conference on 
Wave Propagation was organized by 
TUCSR and Institute of Atmosphere 
Optics of SB RAS in 1978. 

Since 1990 RIRS carried out a series 
of experiments measuring time fluctu- 
ations of propagated signals and estima- 
ting errors of time of arrival difference at 
diverse points over different terrestrial 
paths up to 100 km long [12]. Results of 
investigations are used now to design 
ground-based time-difference navigation 
systems. 

Investigations of polarization characte- 
ristics of X- and L-band radiosignals 
started in TUCSR at the end of sixties 
and are going on. There were investigated 
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MeHH. MccjieflOBajiHCb KaK xapaicrepHCTHKH npa- 
MblX paÄHOJIOKaUHOHHblX CHrHaJIOB Ha 3aKpH- 
Tbix Ha3eMHHX [1] H MopcKMX [13] Tpaccax, TaK 
H  XapaKTepHCTHKM  CHrHaJIOB,   OTpaxeHHHX OT 
npocTbix H cnoacHbix uejieft, a Taoce OT pac- 
npeflejieHHoro rhoHa [14-16]. B pe3yjibTaie nojry- 
leHH HcxoflHHe flaHHbie JJJIJI npoeKrapoBaHHH 
nojiapH3auHOHHbix paflHO^oKaTopoB, pa3pa- 
6oTaHbi MeTOflbi onraMajibHOH o6pa6oTKH BeK- 
TopHbix CHraanoB [17]. 3KcnepHMeHTajibHO noa- 
TBepayieHa B03MOXHOCTb cejieKUHH HCKyccr- 
BeHHbix uejieft Ha CJIOXHOM rhoHe. 

CepHH SKcnepHMeHTOB no royneHHio pacnpo- 
CTpaHeHHH aKyCTHHeCKHX BOJIH B HeOÄHOpOflHOH 
aTMOcdpepe najx 3CMHOH noBepxHOCTbro npoBe- 
jieHa B HHCTHTyTe MOHHTopiiHra luiMMaTmiec- 
KHX H 3K0JI0rHieCKHX CHCTCM CO PAH (HM- 
K3C) [18] c noMouibio cneunajibHO co3jj,aHHoro 
oGopyflOBaHHa. Pa3pa6oTaH nporpaMMHO-anna- 
paTHbrä KOMnjieKC AJIH nporH03a xapaicrepMCTMK 
3ByK0BHX CHrHaJIOB. 

ITojiHroiibi H o6opyaoBaHHe 

TYCyP HMeer pa/iHO(pH3HHecKHe nojiHroHbi 
BÖJIH3H T.  ToMCKa H  B  CaxajIHHCKOH  o6jiacTH 
(loacHaa qacTb OxoTCKoro Mopa), a TaioKe Hayq- 
H0-3KcnepHMeHTajibHyro 6a3y HenocpeflCTBeHHo 
B r. ToMcxe Ha BHCOKOM 6epery p. ToMb (pwc 1). 

characteristics of the instant radar sig- 
nals over hidden terrestrial [1] and sea 
[2, 3, 6] paths, and characteristics of sig- 
nals scattered by simple and complex 
targets and natural distributed back- 
grounds [13-15]. There were formulated 
initial ideas for polarization radar design 
and worked out methods of optimal 
vector signal processing [16]. Possibility 
to select artificial targetbi against complex 
background was proved. 

A series of experiments to investigate 
propagation of acoustic waves in hete- 
rogeneous atmosphere over the Earth 
surface was carried out by people from 
the Institute of Climatic and Ecological 
Systems Monitoring (ICESM) of SB 
RAS [17] with using specially designed 
equipment. There was developed hard- 
software complex to forecast sound signal 
characteristics. 

Proving grounds and equipment 

TUCSR has radio-physical proving 
grounds near Tomsk and in Sakhalin 
region (Southern part of the Sea of 
Okhotsk) and the research sight in Tomsk 
at the steep bank of the river Tom (Fig. 1). 

PHC.1.    TwiHHHaH KapTHHa CHÖMpcKoro JiaHjmiaijrra. BHJI C npaBoro 6epera p. ToMb 
B OKpeCTHOCTHX ToMCKa (BMCOTa 40 M HOT! ypOBHCM BOflbl). MeCTHOCTb 
nOKpblTa XBOHHblM H JIHCTBeHHbIM JieCOM. 

Fig. 1.    A typical view of Siberian landscape. View from right shore of Tom river in the 
vicinity of Tomsk (40 m height above river level). The area is covered with 
coniferous and deciduous forest 
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IlojiHroHbi oßopyflOBaHbi ycraHOBKaMH aim 
aBTOMaTH3HpoBaHHbix H3MepeHHH npocrpaH- 
CTBeHHO-BpeMeHHOH H nOJIHpH3aUHOHHOM CTpyK- 
TypH npHMWX H OTpaxeHHHX paaHOJIOKaUHOH- 
HblX CHrHaJlOB  (CM.  pHC.   2H3)H  H3MepeHHH 
pa3HOCTH BpeMeHH npHXOfla CHraajioB B pa3He- 
ceHHbie nyHKTH B ,zrHana30Hax 3 H 10 CM. H3Me- 
peHHa BO3MO)KHH KaK Ha Tpaccax npnuovt m\m- 
MOCTH,  TaK  H  Ha  3aKpbITHX Tpaccax 6oJIbIlIOH 
npoTJDKeHHOCTH. Pa3pa6oraHa CHcreMa KanH6poB- 
KH annapaTypbi [19]. reoHHcpopMauHOHHaa CHC- 

TeMa no3Bo;i5ieT aflanrapoBaTb H3MepeHHa K pe- 
jibecby MecTHOCTH. 

The proving grounds are equipped 
with devices for automated measure- 
ments of time-spatial structure of instant 
and backscattered radar signals (Fig. 2 
and Fig. 3), for measuring arrival time 
difference of signals (A.=3 and 20 cm) 
received in diverse points. Measurements 
are possible over line-of-sight and hidden 
long paths. System for calibration of the 
equipment was designed [18].The available 
geo-information system allows to adapt 
the measurements to the locality relief. 

PHC. 2.  3KcnepnMeHT£uii>Hafl ycraHOBKa 
Tycyp Ha HayHHO-HCCJieaoBaTejibCKOM 
cyaHe «AKaaeMHK IIIupuioB» 

Fig. 2.    Experimental setup of TUCSR installed 
on research ship «Academician Shirshov» 

PHC. 3.   SKcnepHMeHTantHaH yeraHOBKa 
TYCYP ma HccjiejjoBaHHH (pa30Boft 
H nOJMpH3aUHOHHOft CTpVKTVpbl 

npHMbix PJI CHraanoB B ,imana30He 3 
CM Ha nojiwroHe B6JIH3H ToMCKa 

Fig. 3.    Experimental setup of TUCSR 
intended for investigations of phase 
and polarization structure of direct 
radar signals in X-band on test range 
near to Tomsk 

CypryrcKM rocyHHBepcHTeT HMeeT o6opy- 
HOBaHHe ana nOJIHpH3aiIHOHHbIX H3MepeHHft 
OTpaxeHHbix paflHOJioKaitHOHHbix CHraanoB B 

flHana30He 3 CM Ha KOPOTKHX Tpaccax npaMoft 
BHflHMOCTH. 

HMK3C CO PAH HMeeT nojinroH B6JIH3H r. 
ToMCKa, o6opyflOBaHHbift ycTaHOBKaMH ,OJIH 

Hcc^eaoBaHHa pacnpocrpaHeHHfl aicycTHiecKHX 

Surgut State University has equip- 
ment for polarization measurements of 
X-band signals scattered over short line- 
of-sight paths. 

ICESM SB RAS also have a proving 
ground near Tomsk equipped with devi- 
ces to investigate propagation of acoustic 
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cHmajioB, a Taxxe npn6opM H oGopy^oBaHHe 
wn ÄHCTaHUHOHHoro H3MepeHHfl npodpHJien 
MeTeopOJIOrHHeCKHX SJieMeHTOB H CKOpOCTH BeT- 

pa B HHXHew aTMOccpepe. 
Oraen paj(HO(pH3HKH KpacHoapcKoro <pHJiH- 

ana CO PAH HMeeT B03M0XH0CTb npoBefleHHH 
pEUTMOJIOKaUHOHHblX H3MepeHHH B JieCHOM Mac- 
CHBe C BblLUKH, B03BbIUJaiOmeHCfl Hafl JieCOM. 

BypaTCKHH cpHjman PAH HMeeT HayMHO- 
3KcnepMMeHTajibHyK) 6a3y Ha JOTO-BOCTOHHOM 

öepery 03. Ban Kan. 

Bo3MO)KHOCTH paCUIHpCHHH 
3KcnepHMCHTajibHbix pa6oT 

HayqHO-3KcnepHMeHTaj7bHaa 6a3a no3BOJiaeT 

cymecTBeHHO pacuinpHTb SKcnepHMeHTaribHbie 
pa60TW   B  OÖJiaCTH   nOJIHpH3aUHOHHOM   paflHO- 
jioKauHH. Moryr 6biTb npoBe^eHbi cjieflyromne 

HCC^eflOBaHHa: 
- HCnbIT3HH5I H KajlH6pOBKa nojiflpH3aunoH- 

Hbix PJTC M MaKeTOB, Hcnojib3yeMbix ara on- 
pejxencmia Marpnu pacceaHHH uejieft; 

- 3KcnepHMeHTajTbHoe onpeaejieHne nariHbix 
MaTpMH paCCCflHHJI pa3flHHHbIX HCKyCCTBeHHblX 
06l.eKT0B ÄHH OflHO- H flByxn03HUHOHHOH 
paAHOJIOKaUHOHHOH CXeMW B 3aBHCHMOCTH OT 
paicypca uejw; co3,aaHHe cooTBeTCTByroinen 

6a3M aaHHbix; 
- SKcnepHMeHTMbHoe onpeaejieroie Marpnu pac- 

ceHHHH ecTecTBeHHbrx pacnpeÄejieHHbix uejieii 
pa3JiHqHoro xapaicrepa {none, nee, oonomo, pen- 
non doAUHU H flp.) B JieTHHX H 3HMHHX yCJIOBHflX 
B 3aBHCHMOCTH oT yma naaeHHa BOJIHH H pa3- 
Mepa sjieMeHTa pa3peuieHHH PJ1C; 

- 3KcnepHMeHTajibHoe onpeaejieHne MaTpnu 
paCCeflHHH   MeTeopOJIOTHHeCKHX   06teKT0B 
\do3Kdb, cnez, epad, pa3nmHue eudbi oönan- 

Hocmu H flp.); 
- 3KcnepHMeHTajibHaa npoBepKa afleKBaTHOc- 

TH Hcno^b3yeMbix H npeÄnoxeHHbix MaTe- 
MaTHMecKHX Mo^ejieH CJIOXHMX paflnojioKa- 
UHOHHbix uejieft sum BeKTopHbix cnraajioB; 

- sKcnepHMeHTajibHaa npoBepKa pa3pa6aTM- 
BaeMbix B HacTOHmee BpeMH MeTo^oB Kop- 
peKTHoro (o/iHOBpeMeHHoro) onpeaejieHHH 
Bcex sjieMeHTOB MaTpnu pacceHHnn; 

- 3KcnepHMeHTanbHoe onpejiejieHHe BO3MOX- 

HOCTH oÖHapyxeHHa OöTJCKTOB C HeB3anM- 
HblMH CBOHCTBaMH; 

- 3KcnepHMeHxajibHoe onpeaejieHHe nojiHpn- 
3aUHOHHWX xapaKTepncTHK npJIMMX paflHO- 
jioxauHOHHbix cnrHajioB H MaTpnu nepefla- 
HH KaHaiia pacnpocrpaHeHna B 3aBHCMMOcra 

signals and with devices for remote mea- 
suring of weather elements profiles and 
wind velocity in low-level atmosphere. 

Radio-physical Department of Kras- 
nojarsk branch of SB RAS has the 
opportunity to measure radar signals in 
the forest from high tower above trees. 

Burjat branch of SB RAS also has a 
proving ground at the Baikal Lake bank. 

Possibilities to expand the 
experiments 

The existing experimental resources 
allows to expand investigations in the 
field of polarization radar. It is possible 
to carry out the following experiments: 

- tests and calibration of polarization 
radars and prototypes used for BSM 
measurements of radar targets; 

- experimental measurements of com- 
plete BSMs of different artificial 
targets in mono- and bi-static confi- 
gurations depending on target aspect 
angle; creation of radar data base; 

- seasonal experimental measurements 
of BSMs of different natural targets 
(field, forest, swamp, river valley, and 
etc.) depending on incident angle and 
dimensions of radar resolution cell; 

- experimental measurements of BSMs 
of weather objects (rain, snow, hail, 
different clouds systems and etc.); 

- experimental verification of validity 
of used and suggested math models 
of complex radar targets for vector 

signals; 
- experimental verification of new 

methods of correct concurrent mea- 
surements of BSM elements; 

- experimental evaluation of a possi- 
bility to detect nonreci procal radar 

objects; 
- experimental measurements of pola- 

rization characteristics of direct radar 
signals and transfer matrices of 
propagation channel depending on 
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OT xapaicrepa ipaccbi H ymoB 3aKpMTHa, ujm- 
HH BOJiHbi, opneHTaunM H urapHHbi nyna ne- 
peaaiomeH H npneMHOH aHTeHH H apyrax 
ycnoBHH. 
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