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Yeaxcaemvie xoanezu,
yuacmuuxu 3-zo Cubupcxozo
NOAAPUBAYUOHHOZO CEMUHAPA
Cué6lloa 2004!

S pazn npuBeTCTBOBATH CTOJIb IIMPOKO
Hpe/ICTABJIEHHYI0 Hay4HYI0 0OLeCTBEHHOCTD
3fiech, B creHax CypryTckoro rocyiapCTBeH-
HOro yHuBepcuTeTa. Kak pexropy yHuBepcu-
TeTa MHE IPUATHO OCO3ZHABaTh, YTO OpraHu-
3alyA TAKOro IpezicTaBUTEeNbHOTO Hay9JHOrO
¢opyMa Ha Gase Halllero YHMBEPCUTETa SAB-
JiAeTcs NpU3HaHMeM JOCTIMIXKEeHWil Hallero
MOJIOZIOT0 YHMBEpCUTETa B HayuHO oBiacTu.

CypryTckoMy yHMBEPCUTETY BCero 11 Jier.
3a 3TOT KOPOTKMII IIPOMEMKYTOK BpEMeHM, A
JIYMAI0, 9TO HaM yJaJlock CO3JaTh B yHMBEp-
cuTeTe TBOPYECKYIO aTMocdepy, HeoTheM-
JleMBIM KOMIIOHEHTOM KOTOPOV ABJIAIOTCS Ha-
y4HbIE MCCIIENOBaHNA

TemaTura ceMuHapa MHe, PUBNKY-Teope-
TuKy, 6im3Ka 1 noHATHa. MccnepoBanme BeK-
TOPHOM NPUPOZB! SIIEKTPOMATHUTHOIO TI0JIA
M BO3MOKHOCTY JCIIOJL3OBAHMA PasIMUHbIX
[IPOSIBJIEHMIT BEKTOPHBIX CBOMCTB IOJA JJIA
peliieHUs NPUKJAJHBIX 3aja4y —~ HECOMHEHHO
aKTyaJbHOe Hay4dHoe Hanpaesernne. CosnaBa-
eMble Ha Gase 9TMX MCCJIE[OBaHMI IPUOOPHI
M CHCTEMBI AMCTAHIVOHHOIO 30HMPOBa IS OK-
PYy?KaIoLLEel cpeibl 0coGeHHO HeobX0MUMEI IIPK
OCBOEGHMM ¥ YCTPOJCTBE KOMCPOPTHEIX YCJIO-
BMit KM3HM B TaKMX pajioHaX, Kak Hallua
HeobbaTHAA CHUOMDE.
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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.




Mue ocobeHHO NPUATHO IPUBETCTBO-
BaTh HAIMX JOPOTMX roCTel, He II0XaJieB-
X YCUJIMI M CPelCTB Ha IIpeoZoJieHMe
OONBIIIMX PacCTOsAHMEe M TPaHUIl, AJA TOTO
4T0o6BI [TOCETUTH HAIM CypOBbIe, HO OYEHb
rocrenpuumeble Mecrta. Hagetoch, B Bameit
[IAMATHM OCTaHyTCHA He3aOblBaeMble BIleYaT-
JIeHUs O BCTpedax M IUIOJIOTBOPHOI pabo-
Te B ropofe Cypryre Ha TperbeM cubup-
CKOM IIOJNISpU3alMOHHOM CeMyHape.

¥YcnexoB BaM ¥ TBOpYECKUX yzad!

Pexmop CyplV,
npogeccop,

axademux MAW u ITAHA
'A. Hazun

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 3™ Siberian Polarization
Workshop.

I wish you all the success and
creative luck!

Rector SurSU,

Professor,

Academician of IIA and PASA
G.I. Nazin




Yaaxcaemvie xoanezu!

Brepebte CHOMPCKII MONAPU3ALMOHHBIN
cevuuap 6buT npoBemeH B ToMCKOM rocyzap-
CTBEHHOM YHUBEPCUTeTE CUCTEM YIIPaBJIeHNUSA
n paamoanextTponuku B 2000 roxy. Ha cemu-
Hape ObLIM HpeZCTaBJeHb! 7 LOKJIanoB CO-
TpymumkoB TYCYP, NocBsUIEHHbIE BO3MOK-
HOCTSIM VCIIOJIb30BaHIUA HAaYYHOTo IOTeHLMaNa
YHMBEPCHTETa [JIA PelleHnsa aKTyaJbHbIX
33724 MOJSPUSALIMOHHON PaaMOJIOKaIMN.

310 HebOJBLIOE HAYYHOE MEpPOIpHUsTHe,
B KOTOPOM IIPMESI ydacTue jupextop Mesk-
AYHApPOIHOIO MCCIIe0BATENIbCKOro LieHTpa
TesiekoMMyHEMKalpit 1 pagponiokammr (IRCTR)
JenbTCKoro yHUBEPCUTETa TEXHOJIOTUY TIPO-
deccop JLIL JInrxapT, [MOCITY KUIIO TOJMKOM
JIIA OpraHM3alyi JOJTOBPEeMEHHOro CoTpy/-
HAYECTBA POCCHICKMX M FOJIAHACKIX yUeHBIX.
B KopoTigi cpok GuLIO 3aKIIOYEHO HECKOJIBKO
MEXKIYHAPOIHBIX KOHTPAKTOB, OPraHU3OBaH
BuauT B Hupepnanzs! pexropa TYCYP mpo-
checcopa AB. KobGzepa, NOAMMCAHO COrMAllICHVe
o cosmammu B cocrase TYCYP Cubupckoro
dummana IRCTR.

Bropoit CuBMpCKMiit IOIAPU3aMOHHbI ce-
Musap 6bu1 nposenet B Tomcke B 2002 r. Ha
HeM OBCY»KIaJMCh Pes3yJIbTaThl MCClIefoBa-
HMIi, CBASAHHBIX ¢ IpobieMoll OAHOBPEMEH-
HOTO M3MepeHUs TIONHBIX MAaTPHML| paccesHna
PajiMOJIOKALOHHBIX OGBEKTOB. Pabotre1, mo-
JIO’KeHHble Ha CeMMHApe, [OCIIYXIII OCHOBOM
TpeIoKerIit 0 PaspaboTKe NOJLIPHUBAIIMOHHBIX
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Dear colleagues!

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 JRCTR) 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 voBOro mokosenus Ans oOHapPyMKeHMUS
U ompeeseHNs KOOPAMHAT CJIOMHBIX He-
cTabuibHbIX 00BEKTOB MPUPOJTHOTO M MC-
KYCCTBEHHOTO NTPOMCXOMKICHN .

TpeTuit MNONAPUIALMOHHBIA CEeMMUHAD
npoBoauTess B MoJiofoM CypryTCKOM rocy-
JapCTBEHHOM YHMUBepCHTeTe, ObICTPBIMM TEM~
maMy HapalyBalolleM CBOJM Hay4HO-TeXHM-
yeckuili morennuaj. TemMaTuka ceMMHapa
3HAYUTEINHHO paclnpeHa. B nporpamMmy BKIIO-
yeHo oxoJyio 40 IokJazoB, B TOM 4icje JOK-
Jafbl BeyLMX CIeIyaMCToB B o6acT mo-
nApU3alMoHHoit panuoinokamym us CIIIA,
Hupepnannos, YKpaMHBI, a TaksKe M3BeCT-
HBIX yYeHBIX 9TOTO HamlpaBJeHuA u3 MoCKBEL,
Canxr-Ilerepbypra, Tomcka, KpacHoapcka.
Psan noxknaznoB ¢ pesysbTaTaMi OPUIMHAJb-
HBIX Hay4HBIX MCCJIeZIOBaHMIE HPeCTaBIIeH Cclie~
maJmeraMy CypryTcKoro rocyzapCcTBEHHOIO
YVHMBEPCUTETA.

IIporpaMMHBIZI KOMUTET JKeJjlaeT BCEM
Y4YaCTHMKAM CeMMHapa IJIOAOTBOPHBIX KOH-
TaKTOB, YCIIEXOB B Hay4HO} HesATeJIbHOCTH,
paCIIMpeHysl HAy4HOrO B3aMMONENCTBUA U
COTPYZiHMYeCTBa.

IIpogeccop I'.C.Ilapwvizun
IIpedcedameas npozpammnozo
xomumema Cu6lloa-2004
Hayunwviii pyxoeodumeav HUN PTC
TYCYP

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.

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

Research Director of RIRS
TUCSR




Hayunble HCCJIEIOBAHHA H HAYIHbI
norenuuan Cypryrckoro
rocyAapCTBEHHOTO YHHBEPCHTETA

H.H. Banymu }, 1.A. Ilmochan?

CypryTckuil rocyqapcTBeHHBIH  YHHBEPCHTET,
626400, Cypryt, TioMeHcKO# 061.,
yi1. DHEPreTHKOB, 14
E-mail: ! bnn@mail.ru; 2 pii@no.surgu.ru

CypryTcKuii rocy1apcTBeHHBI# YHHUBEPCHTET
(Cypl'Y) aBnsiercsl SOpoM CHCTEMBI BBICIHETO
o6paszoBaHns XaHThl-MaHCUHCKOTO aBTOHOMHO-
ro okpyra. ObecrieyeHye perMoHa BbICOKOKBA-

JIH(l)PILalOBaHHbIMPl crieuManycTaMy — rjaBHad -

3ajaya yHuBepcHTeTa. BaxkHy10 ponb UrpaeT yHH-
BEPCUTET U B YNOBIETBOPEHMM NOTpeGHOCTEMH
OKpYra B Hay4HbIX UCCICAOBaHUIX.
HanpapneHus HaydHBIX MCCAEOOBaHMH oI-
peaensiorcs creiuduKoil pasBUTHSI SKOHOMU-
YyecKoro rnoTeHuurana paiioHoB Cepepa Cubupu,
OpHMEHTHPOBAHHBIX Ha A0ObIYY U nepepaboTKy
YIJIEBOAOPOIHOrO ChIpbsi. D10l crieuuduke co-
MYTCTBYET KpailHAs PaHMMOCTh U HEYCTOHYM-
BOCTh NMpHUPOAHKIX 9KocHcTeM CeBepa U Heob-
XOOUMOCTb obecreyeHHsI B 3THX YCIOBHAX
PasBUTHA NPOM3BOACTBA U OOecIieyeHHsl Hace-
JIEHUIO HajyIexallero yposHsa koMmdopra.
HayyHuiii OTEHLIMAT YHHBEPCHTETA, NPEXae
BCero, onpeaensercs ero rnpogeccopcko-nperno-
IaBaTeJbCKMM COCTaBoM. B Hacrosiniee BpeMd B
CypTI'V paboraiot 92 npodeccopa, JOKTOpa HayK
u 195 f011eHTOB, KaHAWAATOB HayK. Bosrasnsger
yHusepcuter pexrop eopruit Mpanosuy Ha-
3uH, npodeccop, akagemuk MAHW u [NIAHU. B
cocTaB YHMBepcuTeTa BXxogaT 10 daxynasTeTos:
1. daxkynprer HHGOPMaALIMOHHBIX TEXHOJIOIMIA;
2. MHXeHepHO-(U3INYECKUI (DaKyJIbTeT;
3. sKkoHOMMYeCKMiT (aKyNbTeT;
4. ropuanyeckuil ¢bakynerer,
5. MenuuMHcKu#l dakynbreT;
6. Guonoruyeckuii GakyabTeT;
7. daxynereT GDHU3NUECKON KYILTYPHI;
8. dakynsTer NCUXOJIOTHM;
9. GaKyIbTeT IMHIBUCTHKH;
10. ucropruecxkuit HakyabTeT.
OcHOBHasi HayYHO-HCCIeI0BaTeNbeKas Jest-
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Scientific Research and
Potential of Surgut State
University

N.N. Badulin !, L.I. Pljusnin?

Surgut State University
Energetikov Str. 14, Surgut, 626400
E-mail: ! bnn@mail.ru; ? pii@no.surgu.ru

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.

"0il 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;
engineering-physical faculty;
" economical faculty;
faculty of law;
medical faculty;
biological faculty;
faculty of physical training;
faculty of psychology;
faculty of linguistic;
. history faculty.
46 chairs and 28 research department

SO N A W

<




Scientific Research and Potential of Surgut State University

teapHoctb B Cypl'Y ocyluecrsisercs Ha 46 ka-

denpax ¥ B 28 HayuHBIX 1toapasaeneHusax. Bey-

LMMH TOApa3AcIeHUSIMU ABISAIOTCA:

1. Hay4HO-MCCIeNoBaTeIbCKUN MHCTUTYT IIPU-
pornoronb3oBaHud U 3Kkonorun Cesepa;

2. y4ebHO-HayyHBIH MHCTUTYT KMOEPHETHKH,

WHGOPMATHKH Y TeIEKOMMYHUKAUW;

LIEHTp MH(OOPMALIMOHHBIX TEXHONOIUH;

LEHTp HeprocGeperaioux TEXHONOTHH,

nabopaTopus MaTeMaTHYecKoro MOIENpo-

BaHUS;

6. naboparopus GuoknbepHeTUKH N 6rodusn-

KM CJIOXHBIX CHCTEM;

7. nabopaTopus CHMCTEM TENCKOMMYHMKALMNA U

MOHHTOPHHTa OKPYXAIOIEH Cpeibl;

8. naGoparopus panuodu3NYecKMX METONOB

VCCIIeNOBAHMIA;

9. J1abopaTopusi COLIMOIOTIYECKHX UCCIIETOBAHHMIA.

B yHuBepcHTETe OTKPHITA ACTIPAHTYPA 110 35
CIELIMANLHOCTSIM, B KOTOPOI B HacToslllee Bpe-
Ms obyuarorca 350 acriupaHToB. B 4acrHocTH,
obyueHie oCyINeCTRISIETCs 110 CIEAYIOIIMM CITe-
LIMANBHOCTAM €CTECTBEHHO-HAyYHOro Harpas-
JICHUS:

1. pammodusuka;
2. CHUCTeMHBIH aHAIU3, yIpapjieHue u oopaboT-

Ka uHbOPMALINY;

3. MareMaTMyecKoe U NporpaMMHoe obecrieye-

HHe BBIYMCINTENBHBIX MAIIMH, KOMIUIEKCOB

M KOMITBIOTEPHBIX CeTelt;

4. MeTomBl U CHCTEMBI 3alllUThl MHGOPMALIMH,

MH(opMalioHHas 6e30I11acHOCTb.

Vyensie Cypl'Y BHMMateIbHO OTHOCATCA K
Hay4HO-TEXHUYECKUM Tpo0bieMaM DpeaNpUs TR
OKpYTa M BBITTONHSIOT AN HayyHO-UCClenoBa-
TenbcKUX pabor Mo 3akazaM AIMHHMCTpalMii
XMAO-IOrpa u r. Cypryra, a tarxcke OAO «I'as-
nipoM» (1. Mocksa), OAO «CyprytHedreras», 000
«Cypryrrasnpom», OAO «TroMeHb3Hepro», OAO
«CypryTreIeKoMceThb».

B nonpasnenennsax yausepcutera B 2003 romy
BBITONIHEHO HAy4HO-HCCIeHOBATENbCKUX paboT
Ha cyMMy 15 MiH. py6.

B yHuBepcuteTe 3a KOPOTKOE BpeMsi Gblna
cos3faHa 6asza [ig IpoBedeHHsl HayyHBIX yccne-
nosauuii 1 OKP ¢ HMcIonb30BaHUEM JIA3€PHBIX
texHonoruit. B 2002 r. CypI'Y Bomten B Jlasep-
Hylo accoumaumio P®, a B 2003 r. — B cocraB
Esporieiickoro ontuueckoro obuiecra (EOS).
OCHOBHOM KOCTSK TI'DYIIBl YYEHBIX 3TOFO Ha-
TIpaBjieHHs COCTOMT M3 BBICOKOKBaNMGMIMpoO-
BaHHBIX CHEUMAIMCTOB, HMEOWMX OomblIon
OnpT paboT B OBOPOHHBIX W aKaleMUYCCKHUX
HUUY Tomcka, Hopocubupcka u Tiomenn. Bos-

bt adead

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;

Centre of information technology;

Centre of energy-efficient technology;

Laboratory of mathematical modelling;

.Laboratory of biocyternetics 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.

S

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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Hayunwie uccredoeanus u nayunwiii nomenyuan Cypl'y

rmasun pabotsl goileHt ILnocHny U.W., Hayy-
HBIMH PYKOBOAMTENAMM CTaMH A.(.-M.H., Tpo-
deccop Tabapus B.A., a.1.H., npocdeccop bany-
anmd H.H. u n.Mm.H., npodeccop 3yesckuit B.I1.
I'pynina exeroqHo pacrer, B HaCTOSILUEE BpeMsl
oHa coctouT M3 27 yueHsIX, 14 acrpaHToOB M
Gonee 40 ctynenroB. MccnenoBaHus npoBoasir-
¢l 110 HECKOJIbKHM HaIpaB/ieHUsIM C OpUEHTa-
HHMEH Ha IPaKTUYECKOE HCIIONb30BAHNE KOHEeY-
HOro pe3yibTara.

ITepBoe HanpasneHue: «AccnenoBanye u co-
3JanHe NHCTAHIHOHHBIX JIA3EPHBIX CPEACTR>.

[IpoBomuMele HCCIENOBAaHUSA BO3MOXHOCTH
ofHapyXeHHusl yTeueK rasa (MeTaHa) BbIIBHIN
0COBEHHOCTH UCMONB30BAHUS NUCTAHIIMOHHBIX
nazepusix cpeacte (JUIC) na Bepronerax. Ouu
ObUIM CBA3aHHBI C HaIMYUeM BbicoKkoro ¢oHa
rasa, crietiMPUUHLIM XapaKTepoM MOACTUIAIoIEH
IOBEPXHOCTH, OTPAHNYUBAIOIUNM YYBCTBUTENb-
HOCTb alapaTyphl, ¥ YCIOBUSAMH IoyeroB. Beum
paspaboraHsl HoBrle TpeGopanus K JJIC. Oxno-
BPEMEHHO MPUCTYITWIM K MOJIEpHHU3ALUN HUMe-
ouerocsa B CypryrrasnpoMe BepTOJIETHOrO Ja-
3€EpHOro  JioKaropa. PaszpabGoTaHHH
BEPTOJIETHLIH JIOKATOP HOBOI'O TIOKOJEHHUS
«JIYT-1», ocHOBaHHBIf Ha UCMOJNb30BAaHHH CO-
BPEMEHHBIX ONTUKO-3JIEKTPOHHBIX YCTPOUCTB,
undpoBbIX MeTonOB 06paboTky HHGpOPMaUU 1
MHGOPMAIMOHHBIX TEXHOJOTHI, obnagaeT Bbl-
COKVMMH TEXHNYECKHMH XapaKrepucTukamu. lo-
MoJIHUTeAbHAs (IocienoneTHad) obpaboTka
MHGOPMALMM H4 aBTOMATH3NPOBAHHOM pabo-
yeM Mecre (APM JnokaTopa) ¢ MCIONh30BaHU-
eM dororHboOpMaLH, XKOTopass perucTpupyeT-
cA JOKaropoM, TMNO3BOJWIa TOBBICUTH
IOCTOBEPHOCTb Pe3yabTaToB obcieJoBaHMil ra-
30MpoBofios. B Hacroslee Bpems 11o 3akasy OAO
«lasnpom», I. Mocksa H3roTaBIMBAIOTCH He-
CKOJIBKO 3K3eMIUIApOB jJokaropa «JIYT-1».

Bropoe Hanpasnenue: «Co3panne ceTH Cran-
HKil KOHTPOJA COCTOAHMA aTMOchepsl (B OCHOB-
HOM, MeTaHoBoro hona)».

CraHuMH, KOTOpble KOHTPOIMPYIOT COCTOS-
HYe GoHa MeTaHa U YIJIEKHCIIOro ra3a, HaynHa-
10T pasMelliatbes Ha Tepputopin XMAO-IOrpa.
Takue cTaHLMM, KpOME HaydHbIX npobneM, Oy-
IyT pelIaTh M IIpaKTHYECKHE 3afauy obHapyxe-
HHA paifoHa ¢ HOBbILLIEHHBIM (OHOM MeTaHa. DTa
uHbopMalms 3aTeM OyoeT UCTIONb30BAThCA IS
Honee THIaTeNbHOrO 00CNEeNOBaHUA paifoHa Jio-
xaropoM JIYT-1. PaGoTbl BeAYTCA COBMECTHO C
yaeasiMu MOA CO PAH (r. Tomck), UMB PAH
(r. Mocksa) u llenrpa rjobanbHbIX HCCIIEXOBA-
HU# okpyxatouieit cpeas! (HanuonanbHoro uH-

12

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 modemized. The designed helicopter
laser radar of new generation «LUG-1»,
using modern 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
(«<LLUG-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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CTUTYTa U3y4eHMS oKpyXatotiei cpeasl, Lykyba,
Srouns). :

TpeTbe HanpaeieHue: «MOHHTOPHHT BLICOT-
HBIX c/ioeB aTMocdepbi».

DT0 HampapjieHHe TPeCTaBIgeT YUCTO Ha-
YUHBII MHTEpEC, BHIMONHAETCS B paMKaX MeX-
IyHapoOHOH nporpaMMmsl ¥ (GuHaHCUpyeTCs
MexayHapoOHBIM HAYYHO-TEXHUYECKUM LIEHT-
pom (MHTII). PaGoThI mocBsteHbI HCCenoBa-
HMIO a3pO30JIbHBIX HOJIell M 030Ha B BEPXHHX
crmosgx arMocdephl.

Yerpeproe HanpabBleHue: «Jla3epHbie TeXHO-
JIOTHH B MEXHIHHE».

VyenriMu CypIl'Y COBMECTHO C yYEeHBIMH
TIY (r. ToMcK) co3naHa MeIHLIMHCKas anmapa-
Typa [UIA JieueHUs! pakoBbix 3abGonesanmit. Uc-
C/IeIOBaHMS 1O CO3AAHHUIO aITiapaTypsl ObUTH MO~
JepxXaHsl rpantoM MunnpomHayku PO, B
Hacrosiee BpeMs OTpaGarbiBaeTcss METOAMKA
JieueHNs paka B KiHuKax T. Cypryra u r. ToMcka.
_ Ammaparypa roToBUTCA K cepTHdHUKALINY.

Iaroe nHanpasnedue: «IloasapH3anuoHHbIE
OHCTaOIIbHBIE ONTHYECKHE YCTPOHCTBA».

DTH McceNoBaHUA HalpaBlieHH Ha co3fia-
HME 3JIEKTPOHHBIX M ONTHYECKMX JATYNKOB U~
3UYECKUX BEJIMYMH, JIOTMYECKUX 3JIEMEHTOB Y
3JIECMEHTOB NaMSITH BIYMCITUTETBHBIX MAllHH Ha
0ase NMONAPU3ALUOHHO-OMCTAOMIBHBIX YCT-
poiicrs. TIpoBonsiTCs TEOpETHYECKIE M SKCTIEPH-
MEHTILHBIE UCCIIEIOBaHMA 0cOBeHHOCTEI ITpo-
apinenust addekra Papages mwig ga3epHoro
M3JTYYEHHUS B ONITHUYECKUX IJIEMEHTaX ¥ BO3MOX-~
HOCTH MCIONIb30BaHUA 2TOro 3ddekra s co-
3MAHUS CBePXOBICTPOIEHCTBYIONIMX JIOTMYECKUX
3JIEMEHTOB M JaTYUKOB.

Pa3paboTtkoii cuCTeM TeIEKOMMYHMKaUUI U
6CCKOHTAaKTHBIX METONOB 30HAMPOBAHUS OKpY-
KalUeH cpelb! ¢ UCIIOb30BaHHEM JIEKTPOMATr-
HMTHOTO M3MY4YeHMs pajMoxUaria3oHa 3aHUMa-
ercs Ilpo6nemHass naGoparopusa «CHCTEMBI
TeJIEKOMMYHUKAIIME 1 MOHUTOPMHIA OKpYXKa-
IOIIEH Cpepl».

JlaGopaTopus OCYILIECTBIISIET HAyqHO-MCCIIe-
IIOBATENbCKYIO NESITEIFHOCTD COBMECTHO C BELY-
1MMH BY3aMH U aKaIeMUYECKMMH HHCTHTYTaMH
Poccun: Cankr-IleTepOyprckuM rocynapcrBeH-
HbIM YHHBEPCUTETOM TEICKOMMYHUKAIIWH HMe-
Hu nipod. M.A. bonu-bpyesnua, ToMckuM rocy-
IapCTBEHHBIM YHHBEPCUTETOM, TOMCKUM
TOCYIApCTBEHHbIM YHMBEPCUTETOM CUCTEM YII-
PaBlIEHHSA M paguo3NIeKTpoHuKHU, HUHcTUTYTOM
onrnyeckoro MoHutopunra T® CO PAH, Cu-
6UpCKUM (DU3MKO-TeXHUUECKUM WHCTUTYTOM
npu TI'Y u np.

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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Hayunvie uccaedoeanus u Hayunwiii nomenyuan Cypl'y

OCHOBHBIMH 3a]a4aMH JJaOOpATOpUY ABISIIOTCS:
- paspaBoTKa M co3maHWe UMQPOBBIX KAHAIOB

CBSI3M WIS KoMIbioTepHoi cetn Cypl'Y, ropo-

Ia Yl OKpyra, o0beIUHIOLLMX TI0pa3ae/IeHUS

YHHBEpCUTETA M APYTHE 0OpasoBaTe/bHbIe Y4-

pexnueHus, ¥ obecrieynBaroux goctyn B MH-

TEepHET Yepe3 CUCTEMY CITyTHUKOBOM CBA3Y;

- paspaboTka pafHOJIOKALMOHHBIX METONOB
30HAMPOBaHUA aTMOCQEPHBIX 00pa3oBaHHM
Y TIPOMBILUTEHHBIX BBIOPOCOB U MCCIEROBa~
HUE MX BO3MOXHOCTEH TIpH onpelesieHUH
(PU3NYECKHX XapaKTEePUCTHK OOBEKTOB 30H-
IHPOBAHUS;

-  DKOJOFHYECKUH MOHHUTOPUHI 3arps3HeHHUs
BO3/1yXa, BOJIbI H IIOYBLI TEPPUTOPUH OKPYTa;

- pa3paboTKa W CO3NAHNE HAaTYMKOB dhusnyec-
KUX TapaMeTpoB uist HedrerazonobeiBarolieH
TPOMBIILIJIEHHOCTH;

- pa3paboTKa MeTOJOB IOAIIOBEPXHOCTHOIO
30HANPOBAHUA 1 CO3JAHUE HA KX OCHOBE Jiei-
CTBYIOLIMX MAKeTOB Feopaapos Ul onpe/e-
sieHMs GU3UYECKIX XapaKTEPUCTHK M peruc-
TPALMH KOOPIMHAT OOBEKTOB, HAXOIAILMXCS
TIOJl TOBEPXHOCTHIO 3EMIIH.

BaxHBIM HanpapieHUEM VCCIENOBAHUM SB-
JISETCSl OLIEHKa BO3MOXHOCTH MCHOJIb30BAHMS
TIONSIPU3ALIMOHHBIX 3¢DEKTOB U1 peHIcHUs CTO-
amux nepen naboparopueii 3agay. B yacrHocTy,
pa3pabarsIBaIOTCS JUCTaHIMOHHbIE METOIBI 30H-
IUpOBaHUA MeTeoo0pa3oBaHUM M IPOMBILUICH-
HBIX BEIGPOCOB B arMocdepy € IOMOILBIO panro-
JIOKALUMOHHEBIX NongpuMeTpoB. OcHoBOH wig
NOLOGHLBIX pa3paboToK SIBISIOTCH TEOPETHYECKIE
HCCIENOBAHUS XapaKTEPHUCTHK paccesiH1s 00beM-
HO pachnpee/JeHHbIX LiENeH ¥ YUCTEHHBIE METO/IbI
MOZIEIMPOBaHMSI PAMONOKALIMOHHOrO KaHaa.

Jlabopatopus sBNsiETCS CTPYKTYPHBIM IIOI-
pasiefieHueM Y4ye6Ho-HayYHoro MHCTHTYTa KU-
GepHeTHKHY HHGOPMATHKH M TEJIEKOMMYHMKALWHA
(YHUKHT), B HOBOM 30aHMM KOTOPOTO B CEH-
a6pe 2004 roaa rIaHNpyeTcH pasMelleHHe 3K-
CTIEPUMEHTAJIBHBIX YCTAHOBOK 1ab0paToOpHH.

Fute oqHMM HamnparjeHHeM HCCIelOBaHUIA,
NPOBOIMMBIX B JTAGOPATOPHH, SIBTIAETCA paspaboT-
Ka ¥ CO3IaHYe TIOANOBEPXHOCTHOrO pajapa (reo-
panapa), IpeiHa3sHaYeHHOTO IS KapTorpadupo-
BAaHUS [OATIOBEPXHOCTHOM cpefibl B Tpoliecce
MOHUTOPHHIA COCTOSIHHSI MArHCTPAILHBIX TPYGO-
MPOBOAOB. DTO HaNpaRiIeHHe 0COOEHHO aKTyallb-
HO 0151 HedTerasonoOLIBAIOIINX MPEANPUATHR
oKpyra. BeCKOHTaKTHbIE METOMB! OLIEHKH COCTO-
SIHUS TPYBOITPOBOJIOB NAIOT 3HAYMTENIbHBIN 3KO-
HOMUYECKHUI 5 dEKT B TPYAHOAOCTYIIHLIX paiio-
Hax Cubupmu.
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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
Telecommmunications. 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.




Scientific Research and Potential of Surgut State University

OueHuBas Hay4YHO-HMCCIIEIOBATENbCKYIO [~
arenbHocTh Cypryrckoro rocyiapcTBEHHOro
YHUBEPCHTETA B 11€JI0M, MOXHO YTBEPXAATb, UTO
B YHHUBEPCUTETE, 32 IUIeYaMM KOTOPOIO BCEro
OITHO IECATWIETHE, CO3NAHEI BCE YCIIOBUSA IS yC-
TENIHOM HaydHOM paGoTH. YuuThiBas OYpHBIA
SKOHOMHMYECKHMII POCT perMoHa, MOXHO OXH-
IaTh JayibHe1Iero pa3sBUTUS HAyYHBIX UCCIEN0-
BaHWI B YHUBEPCUTETE.

So, having evaluated research activity
of Surgut State University on the whole,
we can say that the young University,
only ten years old, provides perfect
opportunities for successful work. Taking
into consideration the rapid economical
development of the region, one can
expect further evolution of research in
the University.
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ILnockas anTeHHa C ABYMSA
NOJIAPH3ANMAMM I KOPPeJSIMOHHBIX
H3MepeHMi KaHajia ¢ pejieeBCKHM
3aMHPaHHeM BHYTPH NOMEIEHHsA H
NOJIAPH3ANHUOHHBIM PA3HOCOM

M. Xaiian, JLIL. Jlutxapr, uien IEEE,
BaH jge 3Ban, A. Boiok

MexayHapoaHbIiA KCCIIeNOBATEbCKUIT LIEHTP
TeNeKOMMYHHUKALUMA U pamronoxauuu, Jenbdreknii
YHUBEPCUTET TEXHOJIOTHH,

Mexensser 4, 2600 GA Hensdt, Hunepnanast
E-maijl: m.hajian@ewi.tudelft.nl,
®axc: +31 15 278 4046, Ten.: +31 15 2786256

Taxue MemoOsi RPOCMPAHCMEEHHOD PAHOCA KAK NO-
MAPUSGUUONHBIL PA3HOC, COMemaHUe NPOCMPAHCMEEH-
HO-BPEMEHH020 KOOUPOBAHUA LAl MAKCUMARBHOZ0 OM-
HOWeHUs OaIOm 6WILZPbI 8 TOM CAYHae, ecAl CUZHANB
npunAmble 6 NWIeHax pasHoca GoCMamovHO Hexoppeni-

poeartbt. JIns ugyMenun e3aumnoil Koppensuul 0gyx npu-
HAMbBIX OPMOZOHANNLHO NOAAPUIOBAHHBIX CUSHAAOS C

NOMOUNO AUHELIHO-NOAAPUIOGAHHON NAOCKOIT GHIMEHHY
Gouan npogedenst uaMepenus <Henpsamoli eUOUMOCII
arympu nomewsenun. JlaHnas aHmenna mana, u3-
2omoanena u uzmepera ¢ IRCTR. B cmamve npusodsm-
a1 pesynemamis uamepenuii kanana. Jenaemca 66i600 0
mMoM, WMo NPUHSMbIE OPMOOHAANBHO NOASAPUIOSAHHbIE
CUZHANB! 6 KAHAAAX C PeNCOECKIM 3AMUPGHUEM HE UMEHOM
CylecmeenHoli Koppeasyun no oeubarowell.

I. Brenenne

B Mertode nonsipusaliMOHHOTO pasHoca AN
NpyeMa paoCUrHana ¢ 3aMUpaHMsIMH OTHOBpe-
MEHHO MCITONb3YIOT FOPU3OHTANIBHYIO U BEPTH-
KIbHYIO TIONAPHU3ALUH JUTS YCWICHUS HHTEHCUB-
HOCTH cuTrHana. JoxaszaHo, YTO MCIONbL3YA
aHTEHHBI ¢ ABOIHOM 145° nonspuzalueil MOXHO
MOBBICUTh MHTEHCHBHOCTL CHrHania Ha 5-6 1b, B
TO BpeMsl KaK HCIIONIb30BaHHE AHTEHHbI C TOpH-
30HTAILHOM/BEPTHKATBHOM ToJspy3aLysIMu obec-
riewmBaeT Tuib 3-4 1B semrpsm [1]. ViydiueHve
XApAKTEPUCTHIK 3aBUCHT OT B3aHMHOI KOPpPessLI
(BK) npuHSTBIX CUTHAJIOB B IUleyax pasHoca. Dra
KOPpeJIALMs HCUIENOBaTach TEOPETUYECKH, U pe-
3YJILTATHI OBUTH [peICTARIEHS! B [2]. OnHako rmonod-
HBIC MOIETH HeobBXoIMMOo ripoBepsith. IToaToMy ¢
LIENbIO M3YYEHHUs KOppeNALMHM HaMK ObUIH TpoBe-
JieH psa, Mamepernii. Boe M3Mepeys GbUiv BBIIOJHE-
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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. Buke

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.

1. 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




Dual Polarized Patch Antenna for Branch Correlation Measurements ...

Hbl B TIOMEIUEHNH (aKyJbTeTa 3/IeKTPOTEXHHKH,
Maremariku ¥ uHbopmariky endrekoro yHusep-
cuTera TexHomorni. PaHee yxxe GbUTH BBITIOMTHEHB!
CXOmHbIe u3MepeHus {2, 3]. [ng n3Mepenns Koad-
duumenra xoppensuu, B IRCTR 6bu1a paspa-
6orana (1 nsmepena B DECT (Digital European
Cordless Telecommunications) muana3soHe) mioc-
Xasi aHTeHHa ¢ IBolHO# nmonspusauyeit. s obe-
VX TOJNSAPU3ALMI OTpaXeHHe OT BXoja 6bUIo He
xyxe -20 nb, a pa3Ba3Ka MeXIy OBYMSI BXOIAMM
6bu1a nopanka -33 nb. JanHas aHTeHHa UCIIONb-
30BIACh WIS U3MEPEHUST BHYTPEHHErO KaHajla ¢
P3JIEEBCKUMU 3aMHPABMAMH B TOJISIPH3ALIMOHHOMA
obnacty.

I1. A3mepenus

ILA. Hpouedypa

KoHcTpykTBHOES WK pa3pyLINTENBHOE BO3-
IeHCTBUE KPATHHIX BOJIH B MHOTOJIYYEBOM Paquo-
KaHajie TIPUBOIMT K ObICTPHIM M3MEHEHMAM MHTEH-
CHBHOCTH CHTHala B IIPOCTPAHCTBEHHOM, IOJSApH-
3ALMOHHON Y BPEMEHHOI 00n1acTsIX. BT0 Ha3bIBaeTCa
MeJIKoMAacIuTabHbIM 3aMHpaHueM. MHoromyyesoe
pacripocTpaHeHue oOycIOBIEHO pacCesiHUEM pa-
IVOBOJIH M CYHIECTBEHHO 3aBHCUT OT OKpPYXalo-
et cpeanl. s 60psbsl ¢ 3aMUPAHUAMH BBHITOJ-
HO UCTO/B30BaThb aHTCHHBI C OBOMHOI TONsIpU3a-
uueit (AIIB) mwrs ogHOBpeMEHHOTO NpHeMa
ocsabneHHoro curHaia Ha V- u H-nonsapusanysix, B
IaHHOI paGore MBI JejiaeM YIIOp Ha BHYTPEHHMX
cpesax ¢ «BAUIMMOCTHIO, OTIMYHOM OT MpSIMOi», KO-
TOpbIe MOXHO CMOIE/TUPOBATH C UCTIONL30BAHHEM Po-
JIEEBCKOTO PacTpOCTpaHeH . 19 M3MepeHnst B3anM-
'HO¥ KOPPE/SILIMM, MBI H3TydacM HENPEPLIBHYIO BOTHY
(HB) B DECT (wm PCS) yacTorHoM Auana3soHe
TUIOCKOH JIMHEHO-TIONMSIPU30BAHHON aHTEHHOIA.

Ilnockas AIIB, ucrionbayeMass B KadyecTBe
TIpPUEMHON aHTeHHBI, YCTAHABIMBAETCS Ha Tepe-
HOCHOM JIEpeBSIHHOM CTeHIE, KOTOPBI MOXHO
niepeBUTarh. [IpUHATEIE CUTHATBI TIpeoGpasyioTcs
Ha ITY, ux oruGaroiue oliudpoBHIBAIOTCS U 3a-
MHUCBHIBAIOTCA UIsSE TIOCIIECAYIOlel o6paboTKu
BrlyncneHus koaddunrenta BK. Tpacch # Ha-
NpaBJIeHUs] BBIOHpaNHUCh NPOU3BOJIBHO, TIPU
3TOM obecrieunBaoch GOJBIIOE YMCIO KOHK-
PETHBIX CUTYaLlHii pacTipOCTpaHEHHA.

IL.B Annapamnas ycmanosxa

AnrnapaTHas yCTaHOBKa aHaJOTMYHA TOH,
xortopas Obin onncana B [4]. s HarnagHocTH
Ha puc. | mpuBeneHa ee 6/10K-cxemMa. XapakTepu-

indoor and have been carried out in the
building of the Facuity 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

ILA. 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 amobile wonden
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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CTHKY YCTAHOBKH 371€Ch HE TIPUBOSATCS, ITOCKOb-
Ky ouM fannl B [4]. Ha puc. 2 nokasana ¢ororpa-
¢HI0 NepeHOCHOTO JAepeBsiHHOro cTeHaa ¢ MIIY
M TIpHeMHOI aHTEHHO.

2
HO
11

3
8
3
&
8
-]

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.

Oighal
-2

Onte ocquisiion ¥

Puc.1. Brok-auyarpamMma amnmapaTHOW 4acTH
Fig. 1. Block diagram of the hardware set-up

a)

Puc. 2. (a) MepeHocHan mepepAHHast crofika ¢ MIIY u npueMHbIMU aHTeHHaMy, (b) KpPYTHBI

iad

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

11.C Aumennu

B sToM pasneine Goee noapoGHO paccMoTpe-
Ha KOHCTPYKLMs aHTeHHH C JKBOMHOIA rrondapu-
3anMell. AHTeHHa paccunraHa Ha 1,89 I'Tu, n
shinonHeHa Ha momwioxke RT/Duriod BricoTO#
1,58 MM M JMONEKTPHYECKONM NOCTOSHHOH 2,33.
Tanrenc yria norepb Marepuana Ha pabodeit
YACTOTe HE3HAYUTENICH.
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I1.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 Pazmeper nnacmumst II.C.1 Patch dimensions

ITIupuHa 1 3ddeKTUBHAA UIMHA TUTACTUHEL The width and effective length of the
CBf3aHBI ¢ PE30HAHCHOM yacToTol cnenylolM patch is related to the resonance
o6pasom [5] frequency as follows [5]

=X |2, )

L=—2".2Al @)

21",\/2,;

TJIe ¢ = CKOPOCTD CBET, f, — pe30HAaHCHas 4acToTa, where c is the free-space velocity of light,
a e, — AM3NEKTPUYECKAA OCTOSHHAS TIOUTOXKH. f, is the resonance frequency, and ¢ is
€ P 3¢ dexTUBHAA IN3TEKTPUIECKAs TOCTOSH- the dielectric constant of the substrate.
re|

Hasi, KOTopas 3allChIBAaeTCs B BUIE €, ”iS the effective dielectric constant and
is given by
-0.5
e,+1 e -1 h
, =t L1412 — 3)
L4 2 2 /4
ITockonbKy pasMephl IVIACTHHEI KOHEYHBI, TO Since the dimensions of the patch
ToNie Ha ee KpasgX NojBepraeTcd Tak HaspiBae- are finite, the field at the edges of the
Moii napasuTHoil okanToBKe (cM. puc.3) [5]. patch undergoes the so-called fringing

as illustrated in Figure 3 [5].

AL AL

e —atd

a) b)
Prc. 3. Pusmnueckas n scdeKTHBHAA LTMHA NPSIMOYTOIBHONH MMKPOIIOIOCKOBOM
TIACTHHBL, (a) — 3¢xbeKTHBHBIN pa3Mep, (b) — KpaeBoil addexr [5]
Fig. 3. Physical and effective lengths of rectangular microstrip patch, (a) effective
dimension, (b) Fringing effect [5]

IIpyuMHE 37Ol "OKAHTOBKHU" COCTOSIT B TOM, The fringing causes that electrically
41O 2MIEKTPUYECKH NIMHA IUlacTHMHH Gonbiue ee  the length of the patch is longer than
duanyeckoi [UIMHEL. YBemMueHHe JIHHE ofipefe-  its physical length. The extension of the

JieTcst BBIPAXXKECHHEM length is given by
w
AL (e, +0.3)(7+o.264)
-—;—,—=0.4l2 )

(e, - o.zss)(fz-w.s]
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CornacHo BblpaxeHusm (1)-(4), ruractuHa
uMeeT crenyiome pasMeper: L =51,273 mmu W
" = 61,465 MM. UTOORI NMONYYHTL OIHY U TY Xe€ pe-
30HAHCHYIO YacToTy IUIS BEPTUKAIbHOM M TOpH-
30HTAJIBHON TOSAPU3aLAY, NIMPUHA TUIACTHHBI
paBHa ee IIMHe. 3aTeM 3Ta BEJIMUHHA ONTHMH3K-
pyercsa no 50 mm B nakere FEKO mnst Monens-
posanusa OMB.

11.C.2 Bxodnoii umnedarc

JInist cornacoBanusi aHTeHHBI ¢ 5002 vHueR
nepesayy HeoOXOOUMO OCYILIECTBUTDH ClelyIo-
1uee:

- BBHIYHMCIUTB IIMPHHY MUKPOTIONIOCKOBOH a1~
THIBAIOILIEH JIMHUH,

- OHpeleuTh BXOIHON MMIIENAHC TUIOCKOH aH-
TEHHbI HAa PEe30HAHCHOM 4YacTroTe,

- BBHIYHMCAUTDL [JJIMHY 3anuTeiBalolliell JUHUH B
ONOPHOi IUIOCKOCTH, TIE BXOAHOW Bellle-
CTBeHHBIH MMnieaadc paseH 50€). BTo BbINoON-
HsETCA ¢ TIpUBIeYeHEM TeOpuM JIMHUWIA 11e-
penay;

- TIOAABMTh PEAKTUBHYIO YACTh BXOIHOTO UMITE-
IaHca.

[LIvpyuHa MIKpPOTIONOCKOBOI 3arNThIBAIOLLESH
JIUHVH OIIpEieNIAeTCs U3 BLIPAXCHHUS

120p

Using equations (1)-(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 the same as its length. This value
is then optimized in the EM simulator
package FEKO to be 50 mm.

I1.C.2 Input impedance

In order to match the antenna to the
50€) 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

&)

Z():

CornacHo (5), LMpyHA 3aUTHIBAIOLLEH JIMHUKA
paBHa 4,78 MM. BxoHoilt MMIIeaHC ILUTOCKOH aH-
TEHHB! HA PE30HAHCHO# YacToTe TOYTH BEILECTBE~
HeH U paseH Z,=320,8 + /5,193 Q. Kax nokazaHo
Ha puc. 4, Ha PacCTOSHMH / OT aHTEHHBI MOZIETD
JIMHVY TTepeJayy TIo3BoJIseT NMpeobpasoBaTh MM-
NefaHe aHTEeHHLL.

e, [(%)+1.393+0.667ln(%j +1.4444]

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,7=3208 + j5.193 Q. At a distance / from
the antenna the transmission line model
as illustrated in Figure 4 allows for trans-
forming the antenna impedance.

Puc. 4.
JIMHUH
Fig. 4.

B oropHO# TIOCKOCTH (CM. pHC. 4), BXOTHOH
HMIeaHc Z, paBeH
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CxeMHBIH 3KBUBWICHT IUIACTHHBI K1 nuTaKLei

Network equivalent of the patch and feed line

At the reference plane (see Figure
4) the input impedance Z, becomes
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rie Pp=2n/)\ - mocTostHHAas PaclpoCTPaHEHUA.
)\ - IUTHa BOJIHBI B TIO[VIOXKE. Z) - XapaKkTepuc-
TH4ecKuil umnenaHc jguHuu. Ha paccrogHun
49,95 MM BXOIHOI MMIEJaHC aHTEHHbl paBeH
Z =50,4 + j107,37. daxTryeckas JIuHa JUHUU
nepefayn BuiGpana pasHoii 50 MM. B 3Tom cny-
yae BXOJHOH! MMIIENAHC aHTEeHHBI HAa paccTosi-
Hum 50 MM paseH Z, = 52,26 + j109,30. PeakTus-
Has 4aCTb BXOZHOrO HMIIEJAHCa TIOAABISETCS
HacTpanBaeMol eMkocThio. Ha puc. 5 nokasana
reoMeTpHusl aHTEHHB Y Pe3yJabTaThl MOAEIUPO-
BAaHMS BXOJHOIO OTPAXKEHUS.

— P .
[ =] & o
T T v

Amplitude (dB)

B
=]

.25h

<301

.34 A . L R .
1.86 1.87 1.88 1.89 19 1.91 1.92
Frequency (GHz) :

a)

Fig. 5.

AnTeHHa 6b1a pazpaboTaHa, U3rOTOBJIEHA U
namepena B IRCTR. Ha puc. 6 nokasans! pa3me-
pbI pa3paboTaHHOM AHTEHHB! C COTNIACYIOLINMMU
LENSIMH.

TBxonHoe oTpaxeHue, pa3Bsi3ka MEXIY BXO-
JaMH ¥ abCoOTHOE YCWIEHHE CUTHAJIOB € OC-
HOBHO} ¥ OPTOrOHABbHOI ToNsipH3auyeil 61N
u3MepeHbl B 0e33X0BOM Kamepe ISl aHTEHHBIX
n3Mepennit DUCAT (xamepa Jendrckoro yHu-
BEpPCUTETA IJ1 aHTeHHBIX u3MepeHnit). Ha puc. 7
TIPUBE/ICHBl U3MEPEHHOE BXOZHOE OTpaXeHME U
KO9(DGULIMEHTH! CBA3U JBYX BXOJOB.

BbUTo MonydeHO yMepeHHoe ycwieHue 6-7
1B (OTHOCUTENIbHO M3OTPOITHOIO M3Ny4aress).
0062 Bxoja NoKa3aIy aHaJIOTUYHBIE AUArPaMMbl
M3JTyYeHUd 1 30ech He npuBonsTesi. OMMHaKoBoe

Z,+ jZytan(Bl)
"0 7o+ jZ tan (B1)

(6)

where Pp=2n/A is the propagation
constant. A is the wavelength in the
substrate. Z; 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 + j107.37. 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 + j109.30. 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.

b)

Puc. 5. (a) PesynbraT MomeiMpoBaHMsS OTpaXeHUs OT BXoJa aHTeHHBI, (b) ceT4arast reoMeTpus,
nonyyeHHasi B cuMynsitope FEKO
(a) The simulated input of the antenna, (b) the geometry after meshing in EM simulator FEKO

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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TIOBeleHWEe IBYX BXONOB HEOOXOAMMO I TOY-
HbIX H3MEPEHHUI KaHana B MOSIPU3ALIMOHHOMN 00-
nactu. JIvHeHHO-NONApU30BaHHAS MJIOCKas aH-
TEHHA MCIMOJIb3YETCS B KauecTBe Iepelaiouieil.
Ha npueMHoM KoHle ocnaGneHHBIH cUTHaN
TIipuHUMaeTea tiockoii AT

Capacitor

T
-»| L"l<—-
Port 2

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.

Capacitor

/=189 GHz
L=W=350mm

W =Ln=4T8 mm
Wi=L,=500mm

Wy=L;=10.0mm
Cy=Cy= 67pF
g, = 2457

Puc, 6. PasMepbl KOHCTPYKUMH IMIOCKOH aHTEHHBI ¢ NBOHHOIM

oNsApU3aune i

Fig. 6.

fos o~
g 3
D
3 2
g . £
2 s,
g 1 &

-30¢

ast St ]

40 R . . . . et N

18 182 1.84 136 1.88 19 192 194 196 1.98 2
Frequency (GHz)
a)

The design dimension of the dual polarized patch antenna.

<50 N L " L . . . L L
18 182 1.84 186 188 1.9 192 1.94 196 198 2
Frequency (GHz)

b)

Puc. 7. Pe3ynbraThl H3MepeHHS OTPaXEHMs OT BXOHA ¥ KO3(dUiIMEeHTa CBA3M ABYX BXOIOB.

Fig. 7.

II.D 3ona uzmepenuii

HaMepeHus npoBoauauch Ha sTaxe daxynb-
TeTa SJEKTPOTEXHUKH, MareMaTHKH U uHop-
Maruku JlendTckoro yHuBepcUTETa TEXHOMIOTUH.
3an ¥MeN XOCTAaTOYHO Mecra yTroObl mepeaBu-
raTh IIPUEMHBIN CTEH] MO pa3IMYHBIM MapLUpy-
taM. IlepegaTymk Haxomwics B Ooiblloil KoM-
Hare. Takum obpa3zom Oblna cozgaHa CUTYauMst
«HENpAMOI BUIMMOCTH», KOTJAa H3JIYYECHHBIA
CHUrHAaN JOCTUraeT MPHUEMHON aHTeHHBI pa3nuy-
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Measurement results of the input reflection and the coupling coefficient of the two ports.

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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HBIMU IIYTAMM, MYTEM PAcCessHUS OT CTEH U
0GBEKTOB. DTH TPACCHI, XapaKTepU3yIoLMecs CBO-
MMM HE3aBUCHMMBIMHM (ha3zaMu, CXOAATCA Y AHTEH-
HBbI, IPYBO/IA K BOSHUKHOBEHUIO KaHAJa C paJie-
eBCKMM 3aMupaHueM. Ha puc. 8§ nokasaHa 30Ha,
IZie IPOBOAMIUCH U3MepeHus. [lyTeM miuTess-
HBIX U3MEPEHHI U CTyJafiHBIX MapLIPYTOB B pas-
JIMYHBIX HATIPABJIEHUSX Mbl TIOJNYYWIH CPeIHUH
PE3YNIbTAT VTSl Pa3HbIX CHTYalUii pacTipocTpaHe-
Hus. Takum obpazoM u3MepeHusi Koo bHLIMEH-
Ta KOppeAsSLIMH JOKHEI AaTh o61mil Koaddu-
LHeHT, AeHCTBUTENAbHBINA st BHYTPEHHMX
ITOMeEILEHWH.

Lo

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.
#

Puc. 8. Mecro usMepeHuil; opUchl U KOPUIOP
Fig. 8. The measurement area; offices with corridor

ILE O6pa6omxa dannvix

B xadecTBe CHIpHIX OJAHHBIX LIMGPOBOro OC-
mwitorpada seicTynan Texcrosblit ASCII daitn,
coziepXalliyit BHIOOPKY aMIUTUTY KBaIpaTypHBIX
I- 1 Q-xaHa10B IUIg ABYX NOJSIPU3ALIMIA, T.€. MBI
HOYYHIIM MATPULLY TaHHbIX 4 KaHatos 13 100000
BuIGOpoK. DTa MaTpuila Obu1a UMIIOPTUPOBAHA B
Matlab, a 3aTeM ObITY BHITTONHEHD! CIEAYIOLTHE
3Tanb! 00paboTKM JAHHBIX Y BBIYMCIIEHHUS KO-
s dULIMEHTA KOPPETSILH ornbalomeit.

1. CwmemieHue MO MOCTOSHHOMY TOKY OGBUIO
HEe3aBMCHMO YIAJICHO M3 BceX YeThIpeX KBalpa-
TYPHBIX KAHAJIOB, IIyTEM BBIYMTAHUSI COOTBET-
CTBYIOIIMX BeMWuMH. Ormbaiomme curHana r,
r,, THO€ i COOTBETCTBYET HOMeEpY BHIGOPKH, pac-
CUMTHIBAJIUCh KaK KBaJpaTHBIAH KOPEHb CYMMBI
xsaaparoB [, u Q,

ILE Data Processing

The raw data acquired from the digital
oscilloscope was an ASCII text file
containing the sampled signal amplitudes
of the 7 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 r, and r,, where i
refers to the sample number, were
calculated by taking the square root of
the sum of /, squared and Q, squared, as

)
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2. IonrocpouHsle MOTEpH Ha Tpacce M 3are-
HEHMeE TIPUBOIAT K KPYITHOMACIITAOHOMY 3aMHpa-
HMIO, K KOTOpOMY [J0DaB/sieTcsS] MEIKOMAacITa0-
HOE, BbI3BAHHOC MHOTOJIY4eBOCTbIO. Takoe Kpyr-
HoMacluTabHoe 3aMHpaHue HeOGXOIUMO YIAIUTh.
Ocyiuecrsisgercss 970 IMyTeM HOPMUPOBAHMSA OBYX
orubarolMX CKOJIB3SIIYMM CpedHUM Ha 6 IUTMHAX
BOJIH, YTO B HAILICH N3MEPUTEILHOM KOMITAHUH CO-
oTBeTCTBYeT OKHY ycpenHeHus no 200 BeiGopkam,
KOTOpoe O0bIYHO UCTIONb3yercst Ha TipakTHke. ITo-
JOBHOE, T.H. JIOKILHOE «yJalEHUE CPEIHEND» ObUIO
PEAIN30BaHO CJIEAYIOHIMM 0Dpa3oM:

a. IS KaXJOTO OKHAa ONpelesisioch cpeaHee
aBCoNOTHON aMIUIMTYIbI;
b. cpeaHMe 3HAYEHHMsS BCEX OKOH MHTEPIIONM-

POBAJINCH METOAOM KYOMYECKHX CIUIAHHOB;

¢. orubarolye CUrHala HOpMUPOBAIUCH NTyTEM
JeJIEHHs] UX Ha COOTBETCTBYIOLLUE 3HAYEHUS
HMHTEPIIOIUPOBAHHBIX CPEIHUX.
BdbexT «yaareHne CpeIHEro» MOXHO BUACTD,
cpasHuBast puc. 9au 9b.
OkoHuaTeNbHO KO3GhMHULIMEHT KOPPENsuUH
orubalouiet p, PACCYMTHIBAICA KaK

30 =7)( n)]

2. Long-term path loss and shadowing
causes large-scale fading on which small-
scale fading,caused by multi path,is super-
imposed. This large-scale fading has to
be removed in 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;

¢. 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

®)

A S

Ha puc. 10 noka3aHb! curHanst, OfHOBPEMEHHO
MpUHKMaeMble Ha JBYX Bxogax. MoxHo cienars
BBIBOJL O TOM, YTO 3TH CUTHA/IbI HE3aBUCHMBI, A J10-
JIIpU3AIMOHHBIA Pa3’HOC MOXET NMPHMBECTH K
YAYYLIEHMIO KA4ecTBa TMHUM CBA3U. Pesynbrarhl
MU3MeEpEHNIi TOKA3AIH, YTO TTPUHSATLIE Ha ABYX ITO-
JIApU3AlMSIX CHTHAIBI He o0NajaioT Kakoi-mbo
CYLLIECTBEHHOM KoppeJsiiuei 1o orubaroueit B ps-
JIEEBCKOM KaHaJjie ¢ 3aTyXaHHeM BHYTPH IoMelie-
HMit. 3Hadyenue Koppeasiuuu orudaiomeil Opuio
menbuie 0,1.

III. Briroamr

C roMouIblo IUIOCKOI aHTEHHB! ¢ JBOMHOM
rongpusanyeit ObUTM HallgeHs! Ko3(OPULIMEHTH
KOppeJsLIMA OrMbaioliiXx CUrHaJIOB C T'OPH30H-
TaJIbHOM M BepTHKaNbHOM ronsipusaumeit. Orciona
CIENYeT, YTO CUrHambl TipuHsThie 1utockoit AJITT
MPHU PACIIPOCTPAHEHUH BHE NPSAMON BUAMMOCTH
BHYTPU TNOMELLUEHUS] He UMEIOT HHMKAKOH cylie-
CTBEHHOI Koppessaimy ornbatoumx. Ilonsprsaum-
OHHBIA Pa3HOC MOXET HENOCPEICTBEHO BIHATH
HAa Ka4ecTBO JIMHUY CBA3U.

24

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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Puc. 9. (a) [IpuMep M3MepeHHO! MHTEHCHBHOCTM CHUTHATA B ONHOM M3 IPUEMHBIX KaHAJIOB.
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(51

(b) CurHai ¢ yiaJleHHbIM CPEIHUM 3HAUYECHHEM

.9. (a) Example of measured signal strength of one of receive branch. (b) De-meaned signal.
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Puc. 10. isMepeHHast MHTEHCUBHOCTb CUIHaNa ABYX IOJISIPH3ALMOHHEBIX
KaHaJIoB
Fig. 10. Measured signal strength of the two polarization branches
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OnHoM M3 aKTYANIBHBIX 3a[a4 COBPEMEHHOI
PanMoNoOKaLUMH SIRISAETCS] TIOUCK cpelcTs adiek-
TUBHOTO OOHAPYXEHUSI MATIOTIONBIIKHBIX, CTA0OKOH-
TPACTHBLIX LieJieif Ha oHE MOLIHOTO OTPaXEHHS OT
fioICTWIAIONIMX NToKpoBoB. K nocratouHo addek-
TUBHBIM METOJAM YITyJLUEHWs] OOHapyXeHHA Cely-
€T OTHECTH TMONSIPU3ALMOHHBIE Meronb! [5] U ue-
NOJMB30BAHME AHTEHH ¢ CHHTE3HPOBAHHOM areprypoit.

PenieHMIo ykasaHHOM 3amayu crnocoGeTByeT
PA3IBITHE HeJIMHEHOM pamMonokalyu. B sToM ciaydae
MZET pevb O PATMONIOKALIMOHHBIX LIEJIAX, OTPaXKEH-
HBIi1 CUTHAN OT KOTOPBIX CONEPXXUT YacTOThI, Kpar-
HbIE 110 OTHOMIEHHIO X YACTOTE 30HAMPYIOLLIETO CHI-
Hana — 2f,, 3f, u T.a. Takumu cBoiicTBaMM obnanaor
00BEKThI, IMEIOLLME PXKABYUHY, TPYLIAECA JIEMEHTHI,
KOHTAKTDI, 4 TAKXKE MOyPOBOAHUKOBBIE ITPUOOPEI,
BXOISILUME B COCTAB PAMO3JIEKTPOHHBIX CPEICTB
[1, 7]. TpueM OTpakeHHOro CUTHA/a HA FAPMOHH-
Kax 30HIMPYIOLIEro CUTrHajia JAeT BO3MOXHOCTb
HCNONBb30BATE HENTHHEHHbIE paatoNoKalMOHHbIE
CTAHLMM I OBHApPYKeHMs1 OO BEKTOB, 00NANATOLIHX
HENMHEHMHBIMYA CBOHCTBAMH.

IMpyMepaMH HeJIHEHHBIX MPOLIECCOB SARIAIOTCS:
adbexThl HeMHERHOoM paqronokauuu [1, 3], He-
JIUHEHBIE SBJIEHHMS], BO3HMKAIOWIME TPH BO3-
neiicTBUM Ha MoHochepy uanyyeHus [2] nim npo-
Tekawluye IpH PacpocTpaHEHUH DPaaMOBONH
(ripexJie BCero JIIOKCeMOypreKo-ropbKOBCKMIA 3¢-
dexr [4]). OTMeTHM, YTO TOYTU BCe HEMHENHbIE
3¢ deKTHI TPH PaCTIPOCTPAHEHHUH PAIHOBOJIH CO-
3[aeT HoHochepa.

Kak nmokaseisamor 3KCHepHMEHTANIbHbBIE HC-
CJIENOBAHNs, B psilie CIyYaeB IPH OTPAXKCHHH
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Construction of backscattering matrix of
radar objects having non-linear radiowave
scattering properties is performed

One of the actual problems of modemn
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 2f, 3f; 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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3/IEKTPOMArHUTHBIX BOJIH OT Lieieil BO3HUKAET,
TaK Ha3blBAEMOe, HEJIMHENHOE paccesHue, Koraa
ceasb Mexay £ M E, yXe He MOXeT ObITb Tpe/-
CTaB/ieHa B U3BECTHOM BHUJIE, TaK KaK CIIEKTp OT-
paXXeHHOM BOJIHBI OTJMYAETCSI OT COOTBETCTBY-
JOHIero CcreKTpa Najalouleif, Npexae BCero,
HaJIMYMeEM JONOHUTENbHBIX COCTARNSIIOUIMX. DTO
CBUIIETENBCTBYET O TOM, YTO KOMIIOHEHTHI OTpa-
KEHHOMH BOJTHBI TTONYYAIOTCS ITyTEM HEKOTOPOTO
HENMUHEHHOT0 NpeoOpa3opaHUsI KOMITOHEHTOB N1a-
JAIOIEH BOTHBI.

B nocnenHue roabl nosBWIOCH TOCTATOYHO
MHOTO NyGIHKALIN, TOCBALIEHHBIX OTPAXEHUIO
PaIMOBOJNH OT YKa3aHHBIX Bhillle 06beKToB. On-
HaKO B CTOPOHE OCTAIOTCS BOIIPOCH!, CBA3AHHbIE
C BO3MOXHOCTbIO MCIIONb30BAHUSI METOJOB pa-
IOUOTIONAPUMETPHH 1S PELICHHUS PaAMOJIOKal-
OHHBIX 33/1a4 NPU HeJIMHETHOM paccesiHuM. Ecre-
CTBEHHO, YTO MpPU HEJIWHEITHON panuosioKaluy
KJIacCHYecKasi MaTpHilla paccesiHUs yKe He Mo-
XeT BBICTYNATh XapaKTEPUCTUKOM paccesTHHOTO
Tiosst. B 3T0it CBA3M BO3HMKAET 3a/1a4a Mo ITOCTPo-
€HHMIO MaTpULbI pacCesTHUSA [UTA CITyyast HeJTMHeit-
HOTO paccestHu.

PaccmotpuM BapuaHT npeobpazoBaHuUs ITo-
JIEPU3ANUOHHOTO 6a3uca A1 6e3pHePLIMOHHBIX
pacceuparenieii, KOT1a HENMHEHHOCTD OMICHIBA-
€TCSl 3aBUCHMOCTBIO

when a target reflects electromagnetic
waves. In the case of non-linear scattering
relation between E_ and E; 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

E =§;Am (E2)". ()

Tpebyercsi ONpeAennTh PeakIUIo TAKMX pac-
ceuBaTeneil B c/lydyae, KOTAa Majamolnas BOJNHA
SABJIAETCSA JUTNIITHYECKH TIOJISPU30BAHHOIM, YTO
COOTBETCTBYET Haubojee obleil cuTyaluu

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

E=(E,E) .

OrpanuynmMcs cnyyaem, Korga sce 4, , Kpome 4,,
PaBHBI HYJIIO.

Inga uccnenyeMbIX paccewBaTeNeid, npexie
BCETO0, HYXXHO HallTH COOTBETCTBYIOLIYIO opMy
TipeoOpa30BaHNg KOMITOHEHT MaaloLieil BOJTHBI.
HcxoMoe npeobpa3oBaHue JOJIKHO OBITh MHBA-
PUAHTHO K Pa3JIMYHLIM TPEACTABICHUAM KOMII-
JICKCHOTO BEKTOPA, OITUCHIBAIOLIETO NaJaloLIylo
BOJIHY, T.€. ero ¢opMa (HO He KoabduLeHTHI!)
IOJDKHA OCTaBAaThCA HEM3MEHHOIA.

HerpynHo y6eauTbest, uro o6t BUI TAKOTO
MpeoOpa3oBaHMSA JAONKEH 3aMHChIBAThCA Cey-
omuM obpazoM

Let us consider only the case when all
A,, except A, 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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2 . g ¥ . L 12
ro__ i i i i i
E!=a,|E| +a,|EE |+a,|E E, +a22|Ey|
r il i it i i |2 @
E =b,|El| +b,|E.E, |+b, |E. E, +by|E|
WIM B MAaTPUYHOM BUIIE or in the matrix form
r T
E; ay G, dy 4y £ 2 ’ EiEi‘ Ei*Ei, E 2 3)
E! b, b, b, b * Ty T 7
y 11 12 21 22

PaBeHcTBO (3) 3ammiueM B KOMIUIEKCHOM (op-
Me

CMbIcT BBeIeHHBIX 0603HaYeHUI 04eBUIEH.
Wrtak, Ais ONMCAHUSI PACCEMBAIOILMX CBOWCTB
HEJTMHEITHOrO «YMCTO KBAIpaTHOTO» paccerBare-
ns1 B obuieM cinyuyae Tpebyercs 8 KOMIUIEKCHBIX
yucen, T.e. 16 geficTBUTENbHBIX. DTH YKcna obpa-
3YIOT NPAMOY20AbHY0 Mampuly pasmepom 4x2.
EcTecTBeHHO, 4TO B 3TOM ciaydae mox £ M Ey
HAIo NIOHMMATh He IeKapTOBbie NIPOEKUMH, a He-
KOTOphIE MHbie MPOEKUUH, COOTBETCTBYIOLIME
BbLIGpaHHOMY TOJIApU3aLMOHHOMY Gasucy. B
pasnuuHbix Gasucax OyayT pasnuyHbBIMU Y 327ie-
MEHTBI MaTpULL! A,. PaccMOTpHM Kak OHU OymyT
U3MEHATHCA NIPY BapbHUPOBAHMH TNOIAPU3ALMOH-
Horo Oa3uca.

Crapble KOMITOHEHTb! /IEKTPUYECKOTO BEKTO-

pa E (Z'c) OYIyT CBA3AHbI C HOBBIMH E( Tu ) FIpH
TIOMOLIM JIMHeitHoro npeobpasosanws [8]

E(')AC(T) ZQ(X(‘?XH)EH,

rne O(Zc»Zy) — YHUTapHas MaTpuua.
TpsiMble BLIYHCTEHHS TAIOT CIIEAYIOLIEe CO-
OTHOILEHHE:

Efy (Ro) = Q) (Ros ) Epyy ()

rze [9]
Q(z) (ZC’ZH) =
e*™ cos’ y 0,5¢2® sin 2y
_ g —O,Se‘z’:a sin 2y cos’y
~0,5¢7® sin 2y —sin’y

=2 2 . =2j 8)
e ) gin2y 0, 5¢7 " sin 2y
TIpy 5TOM 1),7,8 — HEKOTOpHIC TIapaMeTphl, Xa-
paKTepM3YIONINe HOBBIA NONISIPU3aLMOHHbIH Ga-
auc [8].
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E=4F,.

Let us write (3) in the complex form
)

The essence of introduced designa-
tions is clear. So, there are needed 8
complex numbers in the general case, i.e.
16 real numbers, to describe scattering
properties of non-linear «purely square»
scatterer. These numbers form rectangular
4x2 matrix. Naturally, projections E_ and
E are considered here as not Cartesian
but some other ones, which correspond
the chosen polarization basis. The elements
of the matrix 4, will be different in
different bases. Let us investigate how
they change under the polarization basis
changing.

Old components of the electric
vector E (%) are connected with new

E(Zy) by linear transformation (8]

5)
where O(Zc» 7y ) is unitary matrix.
Direct calculations give
6
where [9]
0,567V sin2y (" siny
—sin’y 0,5¢*® sin 2y
cos’y 0,5¢*® sin 2y
-0,5¢ 0 sin2y e cos’y
)

In this case parameters T,Y,d are some
values, characterizing new polarization
basis [8].
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HenocpencreeHHoil npoBepKoii -MOXHO ybe- Direct verification gives that matrix
IIMTBCS, YTO MaTpylia Q(z)(f’c,,?y) TAKXe ARIACT- Q(z) (Ze )?H) is also unitary one, since
cs1 YHUTAPHOI, T.K. ’

Q(z) (202” )Q(;) (i;c’ZH ) =1

Taxkum o6pa3zoM, nNpy U3MEHEHUH TOJIIpU3a- So, while changing the polarization
LiOHHOTO basyca MarpuLia-cToibell U3 KBalpa-  basis one should multiply the matrix-
THUYHBIX 3JIEMEHTOB HOMKHA OBITh YMHOXEHA Ha column of quadratic elements by the
ynurapuyo Marpuuy Qp (¥csZy), Kotopas unitary matrix Q) (Xc»> Z ) , which coin-
TpH Npeobpa3oBaHMM COBNAfAeT ¢ KoBapuauu- cide with the covariance matrix in the case
OHHOI MaTpMlieil IpU TUHEHHOM paccesHUH. of linear scattering.

IInst Toro, 4roGB! BRISICHUTD, KaK W3MEHSIETCS In order to find out how the matrix
MarpuLua 4, Np1 cMeHe NOJISIpU3aLMOoHHOTo 6a3u- A, changes when the polarization basis
ca, HYXHO B PAaBEHCTBO (4) IMOACTABUTbL COOTHO-  is changed, one should put (5) and (6)
wennst (5)  (6), a B KadecTBe ero NpaBoi YacTM  in (4), and then take the complex-

B3SITh KOMIUIEKCHO-COTIPSDKEHHYIO BEJIMYMHY conjugate value as the right part
E(w \=0OT (% =~ ) 5 = YED (5
E (Xn)=0" (Tns70) 4 (Xo) Oy (RosXw ) EV (Bw)- ®)
Takum 0bpa3zoM, IpH U3MEHEHHH TTONApH3a- Thus, when the polarization basis is
LMOHHOTO 6asuca MaTpuua 4, noneepraercd cne-  changed, the matrix 4, is transformed
IyiouieMy rpeobpa3oBaHHIO in the following way
— T -~ —~ —_ o~ o~
4, (XN)=Q (XN’XO)A’Z(XO)Q(Z) (XOaXN)a ®
TIpA 3TOM Q(chZH) 3¢ Q(z) (j.;C’/?H) smpmorcs  where Q(/?C’/?H) and Q(z) ()?C’)?H) are
YHMTapHBIMM MaTpPHLIAMH. unitary matrices.
Hns Toro, 4ro6hLI OLIEHUTH MOIHOCTh pacce- In order to estimate power of the
AHHOMN oBpaTHOl BONHEI, HeoOXONMMO BHION-  backscattering wave, it is neccessary to
HuTb onepaumo E + E™: find E" +E™

P=E +E" =[O (R Ro) 4 (o) Oy (Tov ) By (R) | ¥
X[ O (ws%o) 4 (%0) D (Rorin ) B (%) ] = (10)
= By (X ) Oy (Xo»An ) 42 (30) 4 (X0) 5 (Ro» T ) By (T )-
BeeneMm oGosHaueHue Let us introduce the notation
Gy (Ro) =4 (o) 4 (Ro)- ()

3nmech MaTpHLa G(z)(lc) — 3TO KBaIpaTtHasi 9p- Here matrix G(z) ( Z'C) is the square
MHTOBas MaTpHIla pa3MepoM 4x4, NPEACTaBNs-  Hermitian 4x4 matrix presenting the
1otas coboit Marpuily I'peitsca. Graves matrix.

Kak BuzHo u3 paseHcrpa (11), fanHasg mar- As is seen from (11), the given matrix
pHUa NPY W3MEHEHNH TONAPU3ALUNOHHOTO 6a- ¢ transformed by similarity transforma-
31ca MOBEpraeTcs NMpeobpasoBaHUIo MOKOOUS  (ion under polarization basis changing

G(z) (20) = QzT (XO’XN)G(Z) (XO)Q(‘Z) (20’ 'XN) * 12)

PaBeHcTBO (3) 1TO3BONAET JaTh peXOMeHa- The equality (3) allows to give advice
LMY TI0 SKCIEpUMEHTAIbHOMY oTlpelieieHnI0  how the scatterer parameters (elements
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NapaMeTpoB paccenBaTeNil — 3JIEMEHTOB Mar-
puuwml 4,. [lnsi aToro HeoBX0AMMO NMPOBECTH U3~
MepeH1sl Ha YeTbipeX MOJSpU3alusIxX obnydaro-
Hieit BOJHBI, HanpuMep, TOPU3OHTAIBHOM,
BEpPTUKANBHOM, JIMHEHHOM 1ToA yIiioM 45° ¥ Kpy-
roBoii, COOTBETCTBEHHO:

of the matrix 4,) can be estimated
experimentally. Measurements should be
done for 4 polarization types of the
incident wave, for example, horizontal,
vertical, 45° rotated linear and circular,
correspondingly

E=10Y, Ei=01, E=0511", E =0,5v2 (1 i) .

3HaHue aMIUIMTYIbl M ¢$a3sl paccessHHOM| BoJ-
HBI IpH 0ONYUYSHUW BOTHAMM YKa3aHHBIX 1TOJIA-
pH3aLMIA [103BOJIAET OJHO3HAYHO HAXOIHUTD 3J1e-
MeHTb @, b MaTphlbi A,.

mn® " mn
B cnyyae, korna B paseHcTse (1) Bce m# 0,
OyneM UMeETh

=3 a,(E)

m=1

Tpy 5TOM MOXHO IOKAa3aTh, YTO C U3MEHEHNEM
nospu3auHoHHoro 6asuca MaTpubl A, oyayT
Npeo6pa3oBbIBATLCS CISAYIONMM 06pasoM

N " —~ —~ -~ ~ —
Am (iN) = ZQ(Tm) (XO’XN)AM (X())Q(m) (XO’XN) s
m=1

) — ynuTapas Matpuia, Kotopas  where O, (X0 ) is unitary matrix, which

rnie Oy (Xo»Xn
dopmupyetcs aHaorniHo O (Zestw)-
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Under radiating the waves above, ampli-
tude and phase of the scattered wave allow
unambiguously determine elements a
b, of the matrix matrix 4,.

When all values m# 0 in (1), we get

mn’

13)

It is possible to show that with changing
the polarization basis matrices 4, would
be transformed as follows

(14

is formed similarly to O, (ZeoZn)-
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3a nocaednue 10 aem npousoiuen 02poMHbILE npo-
2pecc 6 passumuu dyndamenmansioti POL-IN-SAR
meopun u paspabomxu aseopummos. Jmo 6o
docmuzrymo npu nomouii 6opmoguix u Kocmiec-
KUX NAGMQopM ¢ MHOZOHACMOMHbIMU U MHOZ20pe-
scumnoimu POL-SAR, a maxoce POL-IN-SAR cen-
COPHbIX CUCMEM, CPagHenue U OleHKa Komopbix 0y-
dym Oanbi ¢ yeavlo onpedenenus He306epUIeHHbIX
do nacmosujezo gpemenu mucculi momoepaguiec-
K020 u 2on0zpaguueckozo omobpaxcenus. Ilockons-
Ky (QyHKRQUOHUPOGAHUE 6OPMOSUWX ucnvimamens-
HbIX YCMaHOBOK 'pe3ewualino 0opozo, camonem-
Hble naam@opmu He NOOX0dam 0as PyMUHHOZ20
MOHUMOpUH2a, KOMOPLIll Ayquie ocyuiecmensiemcs
¢ nomouypio Gecnusomuwix JIA (BILTA). Takue Gec-
nunommusie JIA Gbiau pazpabomanst Ons BOEHHBIX NPU-
MeHeHil, OOHAKO @ HUX OMCYMCMBYEem 60IMOMCHOCMb
peanusayuu POL-IN-SAR mexnonozuu. 3mom He-
0OCMamoK MuamensHo anaalsupyemcs, npi smom
denaemcs 661800 0 HeOBX00UMOCMU YPE3GLIMAIIHO
Guiempoti pazpabomicu mexnonoeur POL-IN-SAR
naamepopmet BIIJIA, 6 ocobennocmu 0 Morumo-
puHea uzmenenuil 6 okpyxcaioueil cpede ¢ Gonbutim
YUCAOM NPUACIKCEHUN, HAHUHAA ¢ HO60OHEHUl, aec-
HbUX NOXCApO8 00 MeKMOHUHeCKUX UuameHenult (3em-
AEMPSACERUS, U3BEPHCEHUA YAKAHOS), C l{eablo npe-
oynpexcdenus 606 ONACHOCMU 6 PeabHOM 6peMeHl.
Odnaro, daa ueneil 2106a1bH020 MOHUMOPUHRA
3emHbix noKkposoe Gopmoesix uau BITIIA cpedcme
HedocmamoUHo, HO3MOMY YPe3EbIHaiiHO 6AMCHO KAK
MONCHO Bonee Bbicmpoe pazgumiie mexHoao2ii Koc-
Mumeckux nagme@opm ¢ MHO204ACMONMHbIMU U MHO-
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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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2opescumnoimit POL-IN-SAR cencoproimu cucme-
mamu. Bydem nposedeno cpasnenue cywecmeyio-
weti (ENVISAT) u 6yoywux (ALOS-PALSAR,
RADARSAT-2, u TERRASAT) cucmem, a maxoice
NOKQ3aHO, 4MO HA 3MOM 3Mane pazeumus noAHO-
CMBIO nOAApUMempuHecKue U NoAApuMemplHecKe-
UHMeEppepeRUUORHbIE PeXCUMb pABOMb HYHCHO pac-
CMampueamb, Kax npedeapumensiole It 6CHOMO2aMens-
Hble QA20pUMMbL, d He KaK O0bIHbIE DEHCUMBI.

Karoueewie caosa: Ilorspumempuueckas u urmep-
epomempuneckas SAR, opmuposanue u3zobpa-
orcenuii 6opmoewimu u kocmuyeckumu SAR, omo-
Bpadicenue uamenenuil okpyxcaroweli cpedul

1. Beenenne

Paduonoxayuonnas noaspumempus u unmep-
ghepomempus CTPEMUTEIILHO PA3BUBAIOTCS, M 3TH
HoBble PJI TeXHONOrMM pEIIUTENBEHO OOHOBJISA-
JOT KOHULETIHMIO «opmupoganue u3o6pascenuil
SAR cucmemamu». B 31011 paGote fenaercst Habpo-
COK IOCJIENOBATEeIBHBIX JOCTVXEHNH, HauMHas
¢ (GYHIAMEHTATBHBIX MOHATUI U OCBEICHUS
OCHOBHBIX ITOJIOXEHUIi 9TUX METOLOB NUCTAHLIM-
oHHoro 3onmuposanusa. Ecu PJ noaapumempus
TI03BOJISIET U3BJeYhb ropasno Gonpuyio nHdop-
Ma1Hio o ToHKo# crpykType PJI Tekctyphl, opu-
eHTauuy 1 GopMe LieTH, CAMMETPUU M MaTEpH-
ajie, YeM 00bMHAA AMARAUMYOHAS pacuonoKayus,
to PJI unmepghepomempua yxe MOXET HCCIENO-
BaTh MPOCTPAHCTBEHHYIO (110 INyOMHE) CTpyK-
Typy. Ilpu 'opmuposarnuu usobpasiceHus ¢ noas-
pumempuneckoli unmepgepomempuneckoii SAR
(POL-IN-SAR) MOXHO OIHOBPEMEHHO M3BJIEYb
UHGOPMALIKIO KaK O CTPYKTYpe, TaK M IIPOCTPaH-
CTBEHHBIX cBoiicTBax. Ilon 3TUM INOHUMaeTcs
dbopMupoBaHUe ‘yupposbix Kapm MecmHOCmU
(DEM)' nuGo 1o 'noanocmblo noaapumemputec-
Kum (mampuya paccesnus) NAHHBIM, 160 110
‘Oannbim usobpaxcenuil unmepgepomempueckoli
SAR' ¢ JOMONHUTENIBHOI BHITOAON OT OIHOBpE-
MEHHOTO ToiydeHus TpexmMepHoit 'POL-IN-
DEM wndopmauuu. Hcnonb3osaHue Metona
CIHITI POL-IN-SAR nna 'unmepgepomempuu ¢ ne-
pexpuimuem u3o0paxceHull npu noeMopHuIX RPOXo-
dax' obecrieunBaer muddepeHIIHaNbHYIO OLECHKY
¥ u3MepeHre ¢GoHa U BO3MOXHOCTH MOHHUTOPHH-
ra 9KOJOIMYEeCKHMX M3MEHEHUH ¢ HEeNOCTIKUMOM
T10Ka TOYHOCTBIO, IIPEBPAIAsICh B HEOOXOIMMBIH
MHCTPYMEHT OLIEHKU W KOHTpOJN GroMacchl IUia-

— 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-bome 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 Radar’; 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 Flevation 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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HeTh M 3abooueHHBIX TeppuTopuit. CoBceM He-
IasHo, npuMeHenne Merona EWB-POL-D(RP)-
IN-SAR ¢ MHOIOKpaTHBIM NapaUIeibHBIM I10-
BTOPHBIM TIPOXOIOM IIO TpaccaM, pPa3sHECEHHBIM
10 BBICOTE WIM T10 FOPH3OHTAIM, MPHUBEJIO K I10-
sarnenmio Merona 'Tomoepaghuueckozo (Myaomu-
uRmMephepoMempu1ecKo20) NOAAPUMEMPUHECKO20
SAR cmepeo-omobpaxcenus’, obnaalolLero Bo3-
MOXHOCTSMM 30HAMPOBAaHUS CKBO3b JMCTBY M
BrayGh riopepxHoct. Kpome Toro, Beayres Mc-
clefoBaHMs pasIMYHBIX HanpapineHwit, (i) or-
KPHIBAXOLIMX HOBBIE M 3a1UMIUAIOLIMAX CYILIECTBY~
JIOLIMX CTIEKTPaJIbHbIE OKHA " ecmecmeenH020 Inex-
mpomazrumrozo cnekmpa (NES)" npuroaHsie mis
JUCTAHUMOHHOTO 30HAMPOBaHUsA; U (ii) Hampas-
JIEHHBIX Ha CHHUXeHHue oObIuHBIX "PY nomex
(RFI)" v ipeamnonaraeMoro "HanpagaenHozo aay-
wenus 6opmoevix u xocmuueckux POL-IN-SAR
naamgpopm”.

2. Hcropnsa pazeuthe PJI nonspamerpun n
nurepdepoMeTpuH

IMonsspMeTpus CBA3aHa C BEKTOPHOI MpH-
pONOii NONAPH3OBAHHBIX (BEKTOPHBIX) JIEKTPO-
MATHUTHBIX BOJIH BO BCEM CHEKTpe OT KPaHHX
Huskux yacror (KHY) mo BbicOKuX ynbTpa Ghu-
oneropbix yacror (BY®Y). Tam rae npoucxonar
pe3Kue WIM ToCTeneHHbIe U3MEHEHMS MHIEKca
nipeJioMiacHus (WIM AUSTEKTPUYECKOI TOCTOSH-
HOM, MAarHUTHOM IMPOHHLIAEMOCTH M TIPOBOINMO-
CTH), MOJIAPH3ALMOHHOE COCTOSTHHE Y3KOITOIOC-
Hoit (0JIHOYACTOTHOI) BOJNHBI Npeobpa3syercd,
M 3/1eKTPOMATrHUTHAA "8eKmMOpHas 60HA" OETIONS -
puayercs. Koria BoJlHa MPOXOOUT CKBO3b Cpefy €
M3MEHSIOIMMCA MHIEKCOM TpPETOMIICHUST WIN
obnyyaer PJI uenb u/Wwin NOACTWIAIOLIYIO TOBEP-
XHOCTDb, @ 3aTeM OTPAXaeTcs; TO B ciIydyae 'ynpas-
AeHUA noaspusauuell! MOXHO OLIEHMTb OTpaxae-
MOCTB, HOPMY ¥ OPMEHTALIMIO OTPAXKAIOILETO Tefa.
BpeMensbie QuyKTyaliy BeKTOpa 31eKTpHYEcKo-
'O NoJIsA, B OBLIEM CIIy4ae OMTHUCHIBAIOLIEM SJUTUTIC
B IUIOCKOCTH, MEPNEHIMKYISIPHOI pacnpocTpa-
HEHUIO, UTPAIOT CYLIECTBEHHYIO POJIb BO B3aUMO-
IEHCTBUM 31eKMPOMAZHUMHbIX '6eKMOPHBIX' BOJIH €
MaTepHaTbHBIMH TeJIAMH M cpenoil pacmpocrpa-
HeHus1. Eomi Takoe noseneHue NoNsipi3alivii B Tep-
MHHaXx "noaapuzayuonHozo 3aaunca” B oIITHKE Ha-
3pIBaeTCA "anauncomempueil’; TO B paIMoNoKaLUH,
JIMIAPHBIX/NANAPHBIX TPUIOKEHUSIX M CHCTEMax
SAR 3710 HasmBaerca "nosApumempueil’ - OT OpeB-
HETpe4ecKoro NMOHATHS "H3MEPSIOLLMIA OpueHmauyLio
u gopmy ofsexma’”. TakM obpasoM, IVIUIICOMET-
Py Y TIONIIPHMETPHSI MMEIOT JeJI0 C YIpaBlIeHHEM
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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
"Tomographic (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 aplane
transverse to propagation, plays an essential
role in the interaction of electromagnetic
‘vector 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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KOTEPEeHTHBIMU TIONSIPU3AITMOHHBIMA CBOMCTBaMM
OIITHYECKIX M PAIMIOBOJH, COOTBETCTBEHHO; IPH
3TOM B DJUIUTICOMETPUM B OCHOBHOM HCITONb3YET-
¢ cucreMa KoopmuHat FSA ("paccesnue éneped"),
a B TIO/IPUMETPUM HMCTIONB3YeTCsl CHCTEMa KOOp-
maHaT BSA ("paccesnue nazad").

3. Hoaapumerpus n uarepdepoMeTpus B
cucremax SAR

Ecmu PJI noaspumempus TIO3BONSET U3BIEYD
ropasfo Goipliylo UMHGOPMALMIO O TOHKOM
crpykrype PJI TeKCTyphl, opueHTaluu Leny,
CHMMETPMH U MaTrepHajie, YeM 'obbunan amnau-
myodnas paduosoxayus, To obpruHas (cKansp-
Haa) ' P/ unmepgpepomempus’ O3BONAET OLIEHUTh
TIPOCTPAHCTBEHHYIO CTPYKTYPY (NanbHOCTh/TIIy-
61Ha), 10 KOTopoil MoXeT ObITh IOCTpoeHa ' yug-
poeas kapma mecmrocmy'. OgHaKo, HH OIMH Me-
Tox He TIoMoxeT, ecii cama POL-SAR cucrema
He BhIZAcT MHGOPMALIMIO O TOM, IZie HAa BO3BHI-
LIEHWY TIPOHCXOAUT PAcCesiHUE; HETONSIPUMET-
puueckast IN-SAR win BoeHHad (HeTonsIpuMeT-
puueckas) Goprosas oG3opHas PJIC He Moxer
OTIPEIEIUTD BO3BBILLIEHUE, OT KOTOPOTO IIPUIIIE
paccesHHBI CUTHAJ - HE3aBUCHMO OT ee paspe-
IUEHWS - TIOSTOMY TaKasl CHCTeMa He JaeT HyX-
HoO#l MHGpOpPMallMH O BEPTUKANBHOH CTPYKType
PacTUTENBHOCTA M TOANOBEPXHOCTHON MHGOp-
MaumH. 3ech CTOUT NMONYEPKHYTh, YTO C IOBBI-
LIeHWeM pa3pelieHUs TOoNApU3allMOHHAasT 3aBH-
CHMOCTb CTAHOBUTCS BCe Goyiee aKTyalbHOMH;
CYHIECTBYET TIOPOT, MPH HPEeBBILEHUH KOTOPO-
ro nongpumerpudeckue IN-SAR cucreMnr cra-
HOBATCH abcoMoTHO HeoOxomuMbIMU. Xors IN-
SAR cHCTeMEI M TTO3BOJIAIOT BOCCTAHOBUTS '4ugh-
pogbie Kapmul MecmHocmu', HO 6 GoabutuHCmee
caydaes 6e3 NONIPUMETPHH OyIET TPYIHO NMOHATD
TIPOUCXOXIECHHE MEXAHU3MOB paccestHis. KpoMe
Toro, 6e3 nonxoii peanusauuy POL-IN/TOMO-
SAR Merozna B GoJIBIIOM IHANa3oHe YIJIOB Ha-
KJIoHa Oyner TpyaHO, WIM MOYTH HEBO3MOXHO,
OTIMYUTH BEPXHIOI KPOMKY Jjieca OT TOTO, YTO
HaxXOAWTCA BHU3Y, KyCTAPHUK OT CJIOMCTOH TO-
YBBI WIN TIOATIOBEPXHOCTHBIX OOBEKTOB, T.€. pas-
JIMYUTH BEPTUIKATBHYIO CTPYKTYPY PACTHTEILHO-
CTM ¥ TIOJYTIPO3Pa4YHOTO MPHUIIOBEPXHOCTHOTO
CJI041.

SAR Sensing and Imaging — using the
ancient Greek meaning of "measuring
orientation and object shape”. Thus,
ellipsometry and polarimetry are con-
cermed 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/
TOMO-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. Pa3paGorKa CrneuuaIH3npoOBARHBIX
MYJbTHCEHCOPHBIX 0030pHBIX MiaTdopm

OpHako 10 TOTO KaK peaIM30BaTh HA INpax-
THKE 9TH CJIOXHBIE TEXHOJIOTHH MYJILTHCEHCOD-
HBIX CHCTeM, HeobxoauMo BrIpaGoTraTh cTpare-
TMIO NPOEKTHPOBAHMS M U3TOTOBIEHHS BOPTOBBIX
1aTdopM, KoTopble 6bUM Obl, B YaCTHOCTH,
OpPHEHTHPOBAHBI Ha COBMECTHOE OCYILECTBIE-
Hue Meroga 'paduovacmomuoii EWB-POL-D-IN/
TOMO-SAR' v 'onmuueckozo eunepcnexmpanbro-
20 BUKY-BCY-BYDPYT pexuma paboThl c no-
BTOPHBIM TPOXOIOM. YUHTBIBasA, YTO B HACTOSI-
1ee BpeMs MNPEANPHHHUMAIOTCS YCWIHS IO
ycoBeplleHCTBOBaHMIO TexHosornn POL-IN-
SAR nepennero o63opa, HeoGXOMMMO TIPOEK-
TUPOBATh TIATGOPMEI ¢ MUHUMAJIBHBIMH CTPYK-
TYPHBIMM TIOMeXaMH4, 4YTOOH MOXHO ObUIO
MCIOIb30BaTh BECh AWanasoH yactoT (ot YKB,
ecm He BY, no KBY mioc pacuiMpeHrHbIii on-
Tryeckuit (BUKY-BCY-BY®Y) muanasoH), u
XenaTeJIbHO Ha OHOIl M TO# Xe CeHCOpHOU
ratdopMe. ITocKoIbKyY cO BpeMEeHM NOSBIEHUS
B xoHne 50-x ropop margopmel P-3 Orion —
OXOTHHUKA 32 IOABOAHBIMH JIOAKaMH, He ObuIo
CO03/JJaHO HY OJHOI HOBOI CITELIMATU3UPOBAHHOMU
' Muozouenesoii 6opmosoti naamgpopmer 0630pHoil
SAR', 6b110 GBI YPE3BHIYAIHO CBOEBPEMEHHO U
ONpaBJaHHO OGPATHTbCH K IUIAHUPYIOHIUM
crpykrypam DOD, NASA (HQT-JPL), DOC
(USGS+NOAA), NATO, ESA, NASDA, u
T.J., C TeM, YTOOBI IIPHCBOMTD BHICIIUI IPHOPH-
TET 3TOMY 3aIT03JAJIoMy TpebOBaHMIO MO obec-
TEUYSHUIO BOCTYTIA K ' UOeaNbHbBIM OMOOPANCarouUM
naamgopmam’', HEOGXONUMBIM KakK Ul 00JacTH
BOEHHBIX IPWIOXEHUI B YacTH '2apanmuposa-
Hus GesonacHocmu cmpansl', TaKk U U1 OLICHKHN
COCTOSIHMA OKPYXaIOIlelf cpelibl ¥ BOSHHKAIOLLMX
NPHPOIHBIX U3MEHEHHI Bo BceM Mupe. Ucnons-
30BaHME TOJBKO JIHUWIb CYIIECTBYIOIUX 6opTO-
BBHIX IU1aTGOPM YXe HENOCTATOYHO, MOCKONIBKY
nojiHocThio nonapumerpuyeckue CIIIT POL-
SAR uHTepdepoMeTphl, B COCTaB KOTOPBIX BXOIAT
HecKOJIbKO cucteM SAR, He MoryT yHKIHO-
HHMPOBATh Ha HETIPABWIBHO CKOHCTPYMPOBaHHBIX
("noaspumempunecku Heyxkaioxcux") nnardgop-
Max, CO3JAIOLINX PATUYHBIE TTOMEXH.

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

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-
bome 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 onHoilt CTOPOHBK!, s pa3paboTKU HOBBIX
MHOTODPEXHUMHBIX, MHOTrOonojaocHbpx POL-IN-
SAR ceHCOpHBIX OD30PHBIX CHCTEM BO3MOXHO
MCTIONIb30BaHue NocTaTouHo Hegoporux BILJIA;
IIOCKONBKY OHM JEHICTBUTEIIEHO MOIYT 3aKPBITh
HeOGOJIBIIYIO HUIIY ITPH MPOBEACHUH OOBIYHOTO
JYCTAHIIMOHHOTO 30HMPOBAHUA OKpYXalollei
cpelbl U obecrieyeHnu ‘eonpocos GezonacHocmu’'
B Ge3moaHBIX peryoHax. Takum obpaszoM, noue-
My Gbl BMECTO PacXOfOBaHUE OTPOMHEIX U Oe3-
TIOJIE3HBIX YCIIIHEA T10 YCTPAHEHHIO BITUSIHMS KOH-
CTPYKUMI cyllecTByO1UX miuatdopm paiu
Pa3paboTKH CYTIEPCOBPEMEHHLIX AITOPUTMOB B
nporpaMmax oToGpaxeHusl ¢ BBICOKUM pa3pellie-
HHeM U oOHapyxXeHHWs 1iefieil; He 3aHsTeCs (He-
TIOCPEeICTBEHHO U 6e3 cyMaToXy) IUIaHUPpOBaHU-
eM 1 KoHcTpynposanveM "POL-IN/TOMO-SAR
mwiatdopM” ¢ U3MEHAIOILUMUCS, B 3aBUCUMOCTH
OT HasHauyeHMs U TpeOyeMBIX XapaKTepUCTHUK,
pasMepaMH, 4To TpebyeTcsl yxe ceifiyac u He-
MemieHHo! B yacTHocTH, HYXHO pa3paboTars
uIeanpHplii Habop 0030pHBIX IntardopMm (s
MaJIBIX, CPEAHMX M OOJBIIHUX BBICOT ¢ HeOOMb-
1IMMH, CPEIHUMM M OONBIIMMM pa3Mepamu) C
TeM, YTOOH YIORJICTBOPUTh CPOYHBIE W pealb-
Hbie NOTPeGHOCTH ITo obecTieueHUIO '6e30nacHoc-
mu cmpanyt'.

5. HeoOxomumocts CIIIII POL-IN-SAR
OTODpAIKEHHs NPH MOHHTOPHHTE
OKpyxaionieii cpeast

B 3aBHCHMOCTH OT IMCHIEPCHOHHBIX U CTPYK-
TYPHBIX CBOCTB IOBEPXHOCTH pacCesiHUsI, pac-
TUTETLHOCTH /WM reoJIOTMYECKOro CTPOCHHUS,
HeoOXOMMMO TLIATESILHO BHIOKMPATh COOTBETCTBY-
10111 YaCTOTHBIN OUANAa30H — CO2AACO8AHHbI C
OnpedeneHHbIM CYEHApUeM 3K0A02U4ecKo20 MOHU-
mopunea. 310 — obs3areibHoe TpeboBaHUE A
TIONYyYeHUs! BBICOTHOM + CTPYKTYypHOi uHGOp-
Mauuy (Beresl 32 MaTepHaTbHEIMU TTapaMeTpamMu
©HOMAacChl) O PACTUTENILHOM MOKPOBA OTHOCH-
TEJIBHO NPHIIOBEPXHOCTHOTO CJOSA, TOBEPXHOC-
THOTO CJIOS OTHOCUTENILHO MOANOBEPXHOCTHOTO.

C YCIIOXHEHYEM CLIEHapUsI MHOTOCIIOIHOrO pac--

CesTHUA TIpY 30HAMPOBAHMM OKpYXKaloliei cpe-
IIbl, YBEJIMUCHHE YHICHA COTIACOBAHHBIX CO CLie-
HapHeM paccessHMS YacTOTHBIX OHana3oHoB (B
npeaene ot EWB (THITEP-JJHAIIA30H u CLITI
HHAIIA30H) POL-IN-SAR or 10 (100) MTI'u
o 100 (10) I'Tu craHoBuTCS Bee Gonee BaXXHBIM
¥ HeoOxomuMBIM. Harnpumep, wia xak MoxHo 60~
Jiee TOYHOH (IO BO3MOXKHOCTH) OUCHKH OGHoMac-
CBI YJACTKOB € TaKVIM THTIOM PAaCTHTEJIBHOCTH, 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 'Aomeland 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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KYCTapHUK apKTHYECKOM TYH/IpbI, apKTHUECKAs Taii-
ra, TpOrMYeCKyie JIeca YMEpEeHHOM 30HbI, CAaBAaHHBI
C peIKON pacTUTENILHOCTDIO, IUIOTHAS PACTUTENb-
HOCTb CYOTPOITHUYECKHX M 3KBATOPHAIbHBIX IDKYH-
TJIEi, B KAXIOM cllyqyae TpebyeTcst BLIOOp pasniy-
HbiX POL-IN-SAR otobpaxaoiuyrx ruiatdopm,
KOTOpble MOTYT paboTaTh B pa3sHBIX JWaria3oHax
(B onTManbHOM pexxuMe ot BUY/YKB {(10) 100
MTI'll} amanasona no KBY (100 I'f'u)) u Ha pas-
HBIX BbIcoTax. ToYHO Tak Xe, Aig 6ojiee TOUHOH
1 NIpOBEPSEMON OLICHKH BJAQXKHOCTU M LIEPOXO-
BaTOCTH TMOYBHI, & TAKXe 9KBUBAJICHTHOI'O COlEp-
XaHWA BOAbl B CHere, HEOOXOAMMA peau3alius
MHOTOTIONIOCHBIX M pasHoBbicoTHBIx POL-IN/
TOMO-SAR cucreM. 3aech cinenyer roadepKHyTh
HeobXxoaMMOoCTb BbICTPOro rporpecca 3TUX Me-
TonoB POL-IN-SAR orobpaxeHnus mng ynyd-
LWEeHNs Bce ellie IIoXo paboTalolMX ajiropur-
MOB OUEHKH OMoMacchl, BaXHOCTb KOTOPBIX
BecbMa BEJINKA.

HneanbHrie paboyne BHICOTHI I1aTHOPM TaK-
Xe OTINYAIOTCS OT ONHOTO CLIEHApHsl K APYTOMY.
s 6onplIMHCTBA 1ECOB ¢ TUIOTHOM U TTOJYIUIOT-
HOM pacTUTeNIbHOCTBIO YMEPEHHBIX 30H OINTH-
MaIbHBIM MOXeT ObITh pacluupeHHsrii OBU/
YBY/CBY aunarnazon (600-5000 MI'u). Toraa kax
IUISL TUIOTHOTO AEBCTBEHHOTO SKBATOPHAIBHOTO
Jieca ¢ OrpOMHBIMM JI€PEBbAMHU, 00JaJalolIuMu
BBICOKOM NpoBoAMMOCTBIO, Tpebyercs CLII
nuanasoH (10-1000 MTI'u), u 1.4. Takum o6pasom,
MMEIOILHiica BEIGOP YAaCTOTHBIX AUANAa30HOB [UIs
OLIEHKH 6roMAacchl BeChbMa OrpaHMYEeH U Helo-
cratoueH na cnyyas L/S/C/X-nuana3oHos, Jie-
XAalliMX BhILE BepXHeit KpUBoil HACBINIEHWS THC-
Tepe3anca GMOMAcChl, TOrIa KaK HOMHHAIBHBII
P-mnanason (420 MI'l) gexuT 3HAYUTENLHO HIDKE
HYDKHe#H KpHBO# HackilleHUs 118 GoNbILMHCTRA
TUIIOB obnacreit MOKPHITHIX JlecaMM B YMEpEeH-
HBIX KIMMATHUECKUX 30HaX. TOYHO TaK Xe, LIS
BOCCTAHOBJICHUS TPEXMEPHOM NOAMOBEPXHOCT-
HOM MHGOPMALIMH O CYXHX M BJIAXHBIX NOYBAX,
BKJIIOYAs CBOMCTBA BJIAXHOCTH FOYBLI, OINTH-
Maibabiit CIITT BU/YBY muana3oH JEXUT Hibke
HoMMHabHOro P-anamasona (420 MI'n) mo 10
MTI'u. Taxum o6pa3oM, alanTUBHBIE PEXHUMBI pa-
6orm CLIIT POL-IN/TOMO-SAR craHoBsTCA
0Bs13aTeIbHBIM YCIOBHEM VIS TIONYYEHUS Tpex-
MepHOii HHGopMauuu o6 okpyxawoulei cpene,
OLEHKH M MOHMTOPMHIA MPOUCXONAIUMX B Hel
U3MEHEHHH.
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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 1./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. BuBoan

Heo6xoaquMo MpeanpruHATL BCE BOZMOXHBIE
yCUIUS, YTOOBI paclUMpsSTh M YBEJIHYUBATh, HO
M He TMpeHebperarh yXe CYHIECTBYIOIHUMH, HO
TIOKa €llle HEJOCTATOYHO HCIIONb3YEMBIMU ISt
HAYYHBIX LeJIeit, CBOOOMHBIMU 'CHeKmpanbHbmu
OKHaMU OnA yeaell OUCMAHUUOHHO20 30HOUPOGA-
Huf', KOTOpBIE CNEAYeT pacrlpeleNTh C '102a-
pugmuyeckoil nepuoduynocmoio’' BO BCEX MMEIO-
LIMXCS YACTOTHBIX AMATTIA30HAX MPUOIU3UTEIHEHO
or 1 (10) MI'u zo 300 (100) I'T'u, u seire. Kpome
TOro, It HaIeXKHOI U Gonee TOUHOH OLIEHKH Tapa-
METPOB GLOMACCHl HEOOXOIMMO HCIIONB30BAaTh T0-
JIApUMETPUYECKHEe TUIIEPCIIEKTPAIbHEIE PE3YbTA-
Thl OTOOPAXEHUS, MONYYEHHBIE B PACIIUPEHHOM
BUKY-BCY-BY®Y ananazone. Heobxommo ceit-
Yac ¥ HeMeUIEHHO HAYaTh pelieHye rmpobieM pac-
NpeieSIeHMs YacTOT M YAacTOTHBIX AMAMNa30HOB (C
YYETOM TAKMX COBPEMEHHBIX LA(DPOBBIX METONOB
KaK undpoBoe HoOpMHUPOBaHME JIyya AHTCHHEI,
1udpoBoe KOTUPOBAHME U KOPPEJSILIMS), YMEHb-
LIEHYS TIOMEX NPY LHM(POBOM BEIlIAHHH, a TAKXKe
CHIDKEHHE YTpo3bl BHENIHHX NOMeX, TeM Oolee,
YTO 3TOro TpebyeT HeusbexHas peamsals Me-
Tonos POL-IN/TOMO-SAR HaGmoneHHs 1 auc-
TAHLIMOHHOTO 30HAUPOBAHMSI.

JIureparypa

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 modemn 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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B dorcaade dan 0630p ycmpoiicme, 6 Komopuix pea-
AUIYEMCA NOAAPUIGUUOHHAA ONMUHEcKas bucma-
Gunsocms. B wacmmocmu, sedena kaaccupuraiis
6udoe bucmabuaviocnit. Paccmompertsl nepevie Kok~
cmpyKyut yempoiicme, UCHONbIYIOWUX Heaunellbie
pesonamopbt Padpu-Ilepo ¢ onmuneckun Kpucman-
aom, npedroxcennvie A. Korpel u A. Lohmann. B
npubope maxozo muna o0Was 6xX00HAS MOWHOCHL
ecez0a 00uHaKoea 0ast 08yx cocmosrull Gucmabuas-
nocmu. H. Lee u Y.Chen npedaodicuau cxemy, 6 Ko-
mopoii 6xe0HbMIL 1 GLIXOOHBIMIL NAPAMEMPAMI A6~
AAIOMCA COCMOSIHIS NOAAPUSGINL ONMHUHECKO20
wsaysenus. TIpednoycernas cxesa oCHOGaHA HA G-
dexme Papades ¢ ucnoav3osaniiem sneuel nex-
mpuueckoli obpamuoli ceazi. Kpome yKasaHHWX
npubopos 6 dokaade npugedelb yCmpoicmea noas-
pusaiuoRol onmuueckoli bucmabuasnocmu, paspa-
GomanHsle asMopom ¢ COMpyOHUKamu.

Tpednoacer noaspusanuonHeill bucmabuabibil ane-
Menm ¢ 3aeKmpuieckoli 00pamuoil césa3bio Ha 0CHO-
se He-Ne aasepa na Oaure sonnvt A=3,39 mim, 6
pesoramop Komopozo nomeuiena suetixa Papades
H( MOHOKPUCIGAAE HCEAC30UMMPUEEO20 ePaHAMA.
B dannom 3nemenme RpouUCXooum nepekaiouenue
cocmosHua noaapusauuu ¢ 5 Ha 1 U Haobopom.

Onruueckas GUCTaGUILHOCTE — GBICTPO pa3-
BHBaloascs obJacTh COBPEMEHHBIX MCCIIEN0BA-
Huil. BHMManue K Heil 00yc/IoRIEHO BO3MOXHOC-
TSIMH €€ NPaKTHUYECKHX TIPUMEHEHUH K TIONTHOCTBIO
OITTVYECKMM CXEMaM JIOTMKM ¥ TEMH HHTCPECHBIMM
ABJICHUSAMH, KOTOPBIC JIEXAT B €€ OCHOBE.

OnTuyeckas 6GUCTaGMILHOCTh B TIACCHBHOM,
HeBO3OYXIEHHOM cpelle BIIepBhle Habnmonanach
B apax Hatpus B 1974 r. 3areM GbUIH BBITIOHEHDI
SKCIIEPUMEHTEI C CaMBIMM Da3sHOOOPa3HbIMH
CUCTeMaMH, BKJIIOYas MUHHATIOpHBIE MOJYIIpO-
BOIHMKOBHIE Jla3epsl. B HacTosee BpeMsl IIpu-
KJ1aaHbie paboTh! HANPaB/IeHb! Ha ONITHMH3ALMIO
3TUX 3JIEMEHTOB, paspaGoTKy YCTPOMICTB Ha MX
OCHOBE ¥ T.J1. Pa3nuyalor, Tak HasblBacMbIE aMIT-
JIMTYAHYIO U BO3HUKIIYIO CYIECTBEHHO NO3XE
TMOTSPU3ALIMOHHYIO OUCTabMIBHOCTS.
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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 =3.39
um is suggested. The Faraday cell on iron-
yttrium gamet mono-crystal is placed in
the laser resonator, where switching of
polarization state from 7" to v 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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BBeneM OCHOBHEBIE olpejesieHUs] U 0603Ha-
yeHud. ['oBopaT, YTO cHCTEMa ONTHYECKH OUC-
TaGUAbHA, €CTH TIPM OMHOM M TOM Xe 3Haue-
HMM BXO[IHOTO curHana [, B HEKOTOpo# obnacTu
€ro M3MEHEHHUS BLIXOMHON CUTHaN [, MMeeT ABa
YpOBHS WHTEHCHMBHOCTH. Tak, cucTeMa, Iiepe-
JATOYHAs XapaKTepUCTHKa KOTOpoit u3obpaxe-
Ha Ha puc. 1, 6ucrabunpHa B JUana3oHe MHTEH-
CHBHOCTE} BXOIZHOTO M3JiyyeHus ot [, 1o /,

in2"

I,./

Let us introduce basic definitions
and designations. A system is called as
optically bistable, if for the same value
of input signal /, within some area its
changing the output signal /. 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 /, up to [ ,.

T

3.
>

Ihﬁ Iin

Puc. 1. IlepenaroyHast xapaKTepHCTHKa YCTPOHCTBA ¢ aMIUIUTYXHON

BucTabMIBLHOCTBIO
Fig. 1.

OyeBHIHO, YTO TaKask CUCTEMBI SABJIAETCS He-
JIMHEWHOM, TaK KaK [, Helb3sl IIONYYUTh IyTEM
TIPOCTOrO YMHOX€HHUs I, Ha IOCTOSHHOE YMC-
J10. YT06H ITONYYNTh OUCTAOUIbHBINA OTKITHK, OI-
HOM HeMMHeHOI crcTeMBl HemoctaTouHo. He-
obxonuMa eule obpaTtHas cBfA3b, KoTopas
TIO3BOJIAET MOJIYYUThH MHOTO3HAYHOCTb HEMMHEH-
HOTO TIPONYyCKaHH$, T.€. GUCTabMIBLHOCTE. DTO U
€CTh aMILUIMTYIHAsI oNTHYecKass OMcTabIbHOCTD
(AOB), noapo6Ho onMcaHHaA B [1].

OmmunTe/IbHONH 0CODEHHOCTBIO GHCTabUINb-
HBIX YCTPOMCTB ABJISETCS HATHYME THCTepe3rca
B MEepelaTOYHOM XapaKTEepUCTHKE OINTUYECKOMN
CHCTEMBI.

IMongapusaiioHHas onrudeckass OMCTabuIb-
Hoctb (ITOD) BriepBhie onucaHa B [2]. Ee aBro-
po! Korpel 1 Lohmann npeuioXxuiyn HeCKONIbKO
nepcriekTuBHBIX cucteM 1o ITOB. ITOB cucrema
5TO ¢BOETO pona Moguduxauus AB cucreMsl, rue
IIBa COCTOSTHMSI ONTHYECKOH OGucrabuibHOCTH
OIPEACNSIOTCS HE BEIMYMHONM BBIXOTHOTO CHI-
Haia, a TOIbKO COCTOSTHMEM MOJISIPU3aLIMH STOrO
curHana. B mneanbHoM npubope Takoro TvIa
o0lias BRIXOAHAS MOLIHOCTL BCEraa HOJKHA
ObITh OMMHAKOBA NS ABYX COCTOSIHMM Oucra-
OmibHOCTH. B rnipyMHLMIIE B TAKHMX YCTPOIiCTBaX
SHEPrHs He paccerBaeTcsi, 32 UCKIIOYEHNEM He-
HU30EXHBIX MOTEPD 32 CUET TIOMJIOUICHHS.

Transfer characteristic of amplitude bistability device

Obviously such system is nonlinear,
since /. can not be obtained by common
multiplication of [, 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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TonapusaumoHnasi 6UCTabUIBHOCT MOXKET
6bITh NosiyueHa criepyiomuM obpazom. Ilycrs
0GbIUHBII M30TporHbIi pesoHatop Pabpu-Ilepo
(nanee @II) ocsellaerca Xx-TONAPU3OBAHHBIM
cBeToM (puc. 2).

CocTosigye NoAsIpHU3aLUN OTPAXEHHOTO CBe-
T4 MEHseTCd Ha y-IOJSIPH3alLMIo ¢ ITOMOLLBIO
TIOJIYBOJIHOBOM ruacTHHKY A/2. TTporemiuit jayy
HanpapiIsgeTcss Ha TaK HasbplBaeMbili paciuerni-
Tenb ronsipusosannoro ayya (PTUT). Kak snaHo
n3 puc. 2 PIUT cobupaer npouteMunii ¥ oTpa-
KEHHBII JIyYH M HATIPABJISICT UX B OLHY CTOPOHY.

The polarization bistability can be
obtained as follows. Let a conventional
isotropic Fabry-Perot resonator (furher
FP) is illuminated by x-polarized 1'1%
(Fig. 2).

The polarization state of refiected
light is transformed to y-polarization
with using the half-wave plate A/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).
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Puc. 2. Ycrpoiterso TIOB (1, 2 — sepkana, 3 — pesonatop Pabpu-

Ilepo,

4 — pacienuTeNb NOJISPU3OBAHHOIO JTyya)

Fig. 2.
polarized beam splitter (4)

Ecnu Tenepb B pesoHarop PI1 BeectH, Hanpu-
Mep, NEKTPOOTITHYECKUI KPUCTAILI, TIOKA3aTelb
TIpEJIOMIIEHVISE KOTOPOTO 3aBUCUT OT MHTEHCUB-
HOCTHM M3JlydeH#s], TO TIPY Tojaye JIyya cBeta Ha
Bxog pesoHaropa ®I1, dazopad 3agepXKa BHYTPH
pesoHartopa GyeT W3MEHATbCA MPONOPLHOHATb-
HO HoKa3aTeNio Tipenomiienms n = ny + n I, rne
BenmyrHa J IponopLMoHanbHa MOIHOCTH, TTPO-
wenmuit yepes OII pesoHarop.

B pesynpTare MOLIHOCTE MPOILUEILIEro yya
(TRANS) 6yneT COOTBETCTBOBATh HMXHEH YaCTH
rpaduka (puc. 3), B TO BpeMs KaK H3MEHEHUC
mownoct orpaxenHoro nyda (REFL) coor-
BETCTBYET BepxHelt yacTu rpaduka (puc. 3).

CnenoBaTellbHO, B CIyuae peain3aliii BepX-
Heil yacty rpaduka (Npu ABMXEHUHM BBEpX HO
xpupoit REFL) BeixofiHoe uaiydeHne Oyaer rnpe-
MMYILLECTBEHHO y-TIONSAPU30BAHO, KaK MOKa3aHo
TpeyroibHiKaMu Ha puc. 3. Ilpu nepeMerieHnn
110 rpaduky Bun3 (REFL) BbixomHoe U3yYEHHE
GyIeT x-TIONAPU3OBAHO, JIO TeX I0p, NoKa BemH-
YyyHA BXONHON MOLUHOCTH OyaeT BbILIE MMHH-
MaJIbHOTO 3HayeHMs o6iacTh GUCTaGHIBHOCTH.
KBagpars! Ha rpadukax pyuc. 3 03Ha4alT HUCXO-
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POB device: mirrors (1 and 2), Fabry-Perot resonator (3),

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=n,+nl (magnitude 1 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 powers 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.




Polarization Bistable Optical Devices

Ianipe cocrostHus. Kak BUTHUM, B 3TOM MeTozie 10~
aygerusi ITIOB ucnonb3yercss HeMMHEHHbIH pe-
soHarop ®I1. HoBriM TakKe sBiIfgeTCA TO, 4TO
00a nyya MpoleNIdii U OTPLKEHHBIA UCTIONb-
3yI0TCA Wit GOPMUPOBAHMS BHIXOTHOTO H3JIyYe-
nus. MHtencuBHoCTH Manydyenuit [ u Iy CUMTaeT-
¢Sl OMMHAKOBBIMM.

TRANS

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 I and Iy are considered to be
equal.

REFL ()

IN

IN

Puc. 3. TlepenarouHple XapakKTepHCTHKH YCTPOMCTBA, H30OPAXEHHOTO Ha puc. 2
Fig. 3. Transfer characteristics of the device shown in Fig. 2

B psane paGort IpeioXKeHbl APYTHE CXeMHBIE
peienns. B pabore [3] aHanmu3upyeTcd BO3MOX-
HOCTB HOJIYYEHNS [TOJIIPU3ALIMOHHOMI ONITHYECKON
OGMCTaOWIIBHOCTH, B KOTOPO BXONHBIMHU M BHIXOMI-
HBIMU NapaMeTpaMH SIBNSIIOTC COCTOSHHUS MOJIsI-
PU3ALIH OIITHYECKOTO M3TyueHuA. ITpeaioxkeHHas
IIOB ocHoBana Ha addekre Papanest ¢ UCnomnb-
30BaHMEM BHEIIHEH 3I€KTpHYecKoil obparHoil
cBsa3u (puc. 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).
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Puc. 4. Ycrpoiictso I10B Ha sddexre Papanes (1-4 — sepkana; P — nonspusarop;
A — yeunurens obpatHo¥ ceasu; D), D, — doronerexroper; [,

? ch

TIOCTOSIHHOE CMellieHue; S — coneHona; M — MarHUTHBIA o6paselr)

Fig. 4.

POB device based on Faraday effect: mirrors (1 to 4), polarizer (P), feedback

amplifier (A), photodetectors (D, D,), constant bias (/,), solenoid (S),

magnetic sample (M)
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Toaapusayuonnsie bucmabusbHbie onmMuiecKue yempolicmsa

3a OCHOBY B3AT MArHUTOONTHYECKMI Ma-
tepuan. CornacHo a¢dexry Papanes yroi ro-
BOpPOTA [UIOCKOCTH TOJSPU3ALMY TIPOTIOPLMO-
HaleH BeJIMUMHE MATHHTHOTO TI07IsY, IMTOJABAEMOTO
Ha obpaseLl

3necy 0, Q) — yrbl MI0cKOCTeH Mosgpu3aluy
COOTBETCTBEHHO Ha obpasell CBeTa BhIIUEALIEro
3 obpasiia ny4a, | — wMHa obpasua, H — Belu-
YHA HaMpsXeHHOCTH MarHUTHOTO MOJA.
JiuHeitHo MoNsApU30BaHHAs MOHOXpOMAaTH-
yeckas BOJIHA C YIVIOM Tonsipusaiuu Q; (puc. 4)
f1a JIaeT Ha MATHUTHBEA Marepuan. Toraa yroin nons-
PM3ALIM BLIXOTHOTO MaydeHNs Gymet Q. BreluHsist
obparHasi CBsi3b oDeclieynBaeT TOK B KaTylUKe, KO-
TOpBIi, B CBOIO OYepeilb, ONPE/ENAeTCS MHTCHCHUB-
HOCTBIO CBETa, Tajarolero Ha aerekrop D,.

Ha sxoznHoM okHe D, IIpOMCXOaUT uHrepde-
PEeHLMA ABYX JIy4eil: YacTM4HO OCNabieHHOTO
BXOIHOTO ¥ BBIXOAHOro. CHrHan ¢ Harpysku D,
TO/IAeTCS. HA YCHMTEIb TOKA, KoM MULIMEHT YCH-
JIGHUS] KOTOPOTO 3aBUCHUT OT HHTEHCHBHOCTH Ta-
JAIo1ero Ha MAaTHUTHBII o6paselt uanyyeHns. Us
cootHoweHus (1) MOXHO HaWTH 3aBHCHMOCThb
YI7Ia TIOJIAPU3ALIMM BBIXOMHOTO JIy4yad OT yIJIa 11o-
Nspu3auMu BxoaHoro yya. Ha puc. 5 npuseneHs!
TPU 3aBUCHMOCTH BenmuuuHbl H ot Q) mist pas-
JIMYHBIX 3Ha4YeHH# O,

0,-0 =IpH.

00=0: 00=0+7

The basis is 2 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

8]

Here Q,, Q, 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 Q, (s