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1.0 INTRO I ) U CTION

This document presents a survey of c\ is t ing electromagnetic system interaction algo-
rithnis. The effort was performed under task area III of ’ the N AVE L E N  304 functional are a
f u n ding program . Integrated Techniques for Flectromag netmc Ain.i l ys is ( IT LMA I.

1 . 1  BA CKGROUND

1 . 1 . 1 I l E M A

IT I-MA is concerned with the Problem that transmit and receive system perfo rmance
is seriously degraded by the shipboard e lect ro mag mnc tic environment. The degradation implies
t h e  imnpairnnerl t ot tIme s~ ste r n a t t r ibutes . ‘FIne ‘\ s t I.’iri a t t r i b u t Ls  inclitile av amlahiI i l ~
integrity, an d qual i ty - ‘Ilic inipairmen t of system at tr ibutes m’ esu lts in a loss of iii iss ion e I’f ’cc —
t ivencss : tIne abil ity to locate a target ,  to conim i iunicate. and to identit  a target. Flie i n n ) s s i O i n

t hat is used here is the mission of ’ t he mdix idual transmit and rece ose sv~ tcu11s . bitt ol~ coti rsc
t hey are an integral part of ti ne ship’s mission.

The obj ective of this program is to increase tIne to ta l  mission pe r fo rmance  of ship-
boar d transmit amid receive sys tenins through the mn init nm ,a t iot n of the degradat iou catised l~
suc h factors as antenna site compromise . iii ter sys te in iii tc ract noun , am i d uionf tunc t i o t nal  e m i t s —
sions . l’he object ive is to be acconiplished by developing a s~ nt liesis abi l i ty which Consider s
transm it and receive syste m- il degradation factor s in the earl’,’ st.oge s and in alt s t i ~’.cs ) of ship
desigt - ihis ability would be applicable to bot h new ship desm gn and fleet modern l i t  ion -
The emp hasis of this spec ific object ive is on the early s tage s of design . It is in t ine car l ~
stages of ship design that we h i s  c control of more design variables , ma king it possible to
ac hieve a more nearl y opt imal design - Further into the design procedtirc I here are f ewer
design variables , and a less optimal design will result -

With this xv nt liesis a It i l i tv . it will be possible to a~ oid niany of ti ne so—c a lled
‘‘ remedial ’’ so lut ions. too m any times proble m s ,im’ c t de nt i t ’ied omi l a f te r  operat ion. It is

t hen necessary to ‘ ‘t i\  t ime problcmns . I lie f i x e s  are tisu iaIl~ L’ox) I\ at-id resu lt in orml ~ part il
so lution of the problem. Flu x f i x  approach xx ill become even t L \ 5  st i i .’ I.’ L’ sS f  ti l is Nix  v ships
become tiiore densely popula ted W i t I- i ad~ ance d e(iiii pmen ts.

This sy nt lnesis capabili lv us being developed is a t xV O—s t cp  approac h . I lie f I r s t  step is

to formu late a sys ten i procedure for slnip lloard t ra nsm nm t and receive system design A xv ste In
procedure considers all esscmm tial aspects of tran smit and mccc ix  c s~ stem performance I l~ tn k-
ing in terms of “ s~ stem design is an it inporta ti t step in ach ieving to ta l  electromagnetic s s —
tet il performance - ‘ l’he em phasis ix on tota l  pcrto rniance - It mx possible to increase tIne p e r-
formance of ’ an individual transmit and n’ecc ixc s\ stci in . litil tmxt ia I l ~ on ly at the c\p ensc of
ot her transmit and receive systems , lIne second step mx 10 improve arid dcx d oll t ime anal~ sis

too ls and methods csse in t tal to tIne x~ s t e in  approac h -

— 
As env isioned at ti m e presi_ ’ mmt f ime. t his s\ t i t hnc s i s ca pahmhn t ~ is a s~ stem proce dure

tis itig i terat ive an il~ six to ac hieve ti m e design go.il of acceptable to t a l  e lcc f romni. ig nc t I ’  s\ stein

perfo rmance . l I m e esxeim tt a l  tools am id imn et  Imod s are I lOse inccess , i m ~ to ,oti , i l~ /c proposed
designs . ‘ lime o t t l l ’ im t  si l the ana l~ xis is e~ a lt i a t ed mn t e r m s  of t l iC IC ’t ht ii i L ’ i l pcm’ fot i i i , i i iv ’e
reqt i i r emncmm t s to determine ti m e adequma c~ of t he design and t iknh if ~ possib le def ic i c i n mes
iii i t .

_ _ _  _ _ _ _ _ _



Three technical tasks have been defined to emicom impass the needs of ’ t he amial y s is~
Development of antenna m iiod eh im m g tc c hmmn iq ues below uhf

t)evelopmemn t of am te mnna modehimig t e c l n ni ques at uhf and .iho~ C
L)evelopment of total I- M system niodehitng

1.1.2 I)EVFLOPMF.NT 01: TOTAl. FM S\ Si E M  M O D E L I N G

As discussed imi the Previous section. tIne ess eum t tal tools and u nne t l mods  ire t h ose nieces-
sary to anal yze proposed desigmis. ‘l’he out put of tIne analysis is evaluated in term s o f t  Inc
tec h nical req immre nnem nts to deter mnnine the adequacy of tIme desigin and identify possible
defic iem nc ies in it. This task area provides tools and mnnethods that ensure that tIne output of
t Ine analysis is miecessary and sufficient for evaluation.

As depicted in figure 1—1 . t here are four paramn ieters which cot - in pletel y c haracteriie
t he total EM system:

In tercompomnem i t imnter actio n

l I E  R O / R A D H A Z

Systemn interaction

Pert~ormnnamice

Imnterco mponent im iter actiomn is compom nent com npati h ihity - For example . this would deter—
m ine whether a tuner can tune an an tem nm ia . Tlnis can usu al ly he determ nined o m n tI m e basis of
equipmnen t specifications . Thus. th i s  area re qu m ire s no new tool s and me t hod s.

INDIVIDUAL TOTAL EM
ANTENNA SYSTEM
CHARACTERIZATION CHARAC TERIZATI O N

SHIP UNIQUE DATA:

INTERCOMPONI Ni
ANTENNA IMPEDANCE INT eRACTION
LOCATIONS ANTENNA COUPLm NG

MODELING NEAR FIELDS

TOPSIDE /

1 FAR FIELDS 
HERO ’ RADHA /

CONFIGURATION ,,,____j 
1~
” • J ”xs

\

\ 

S Y S T E M
COMPONENTS I INTERACTION
CHARACTER 1ST ICS

SYSTEM MODELING / I’m RFI ) I1M AN ( I
SIMULTANEOUS
OPERATIONAL
REQUIREMENTS 

_________________________________________

I gu I -  Ii. I’ leC t IOnmii lg m mel i  .\ \ i III ,iII,Il ~ S i x .

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



III’ . RO” RADI IAZ is used to dem note t ime e f f ec t  of the a m nte nna on oth er s~ SIC nix ‘ l i t  ix

i l e t e r rmi i tma t i o tn  is beit g accomplished by specil ’ications and standards developed t i n der o ther
e f f o r t s. As in t Ine case of ’ i ntercom n pom -t e i nt i n teract iom i , t his program agaim proposes no C’ f f ’ ui’t
omn I his par au n neter.

It is the x~ s tein im i t e r a ct i omn amnd pert ormaimce I)aram nneters that tIne third task is co in—
cerne d x~i tim . -l Inns , t he objective is to tl se co m nt i ac to r  aind imn—Inouse Nay ex pe rl  ise to develop
algor it lnm’ c1 to rap idly aind cos t— e f~f ’ect ive ly predict system im nter a ct i o mn am- id pert ornnaince of t lie
tr a mist nn it and receive s~’5tcii is .

1.1 , 3 INl’l RSYSTEM lN1’ERA(~’lION .-\NAI . V SIS I’OR (‘ O) M\h t.JNI ( ,\ I IONS

l)urimng f ’iscal ~‘ear I 976 all ef ’fo rt in tine area of deve hopm nne m t of total FM system
m o deling was concentrated on tIne deve iop memn t of a s~ st ein - i interact ion ca pal) ihity for co rn—
mnnur n icatiot is . ‘I’hne eft ’ort was divided j r - i to tinree principal work areas:

Survey of exist ing algorithms

Sample problem exercises

1: m m np i n eal investigations

‘Flnis doc u mnm e mn t presents tIne survey of ’ cx i s t i ng algorit h ms . TIne mepo rts on the samp le prol’ —
lem ni ex ercises amid cinnpirical im w est igations were sch eduled for counplet ion at tIne etiil of tIne
1 976 t ra m sit ion quarter.

l ime object ive  of ’ t in i s survey is to documn ietnt existing sv s t e m n n im n iera c t iomn analys is
tec lnniques aund compare t h e i r  capabilities . Th is is a m ecessary t ’~rst step in tine def in i t ion of
a system amia lysis model (comn imun icatio m n ) wh icln will adequately support tine needs of N ix

sh ipboard tramns mit amnd receive system design. A pre liminary eva hu ma tion of t i - ic  ex is t  j ug tech—
m n iqt t e S is presented Inere . ‘l’lne fim ial e v a l u a t i o n  will be reported upoin co mplet iomn of tine
sample problem exercises aind empir ical  inves t ig at ions .

1.2 EXI STING SYSTEM ANALYSIS  MOI )EL S

Modeli ng techm ii quues imp lemcm nted by digita l cot iipulers are becomim ng rccogmniicd as

t Ine mnnost cos t—ef fec t i ve  approac h for detert n ni nat i o t n of e lectro mu nag m netic conn npat i l ih i I~ t IM(  -

hetweem i com mut nicat iom n syste mn ns. (‘oin niin uim nica f iou- i systems a board Nax~ sl ips con sis t of
topsi de miioum nted ai ntenmi as at- id rI equ ipmc mnt installed below decks. sucin ax t m’atm s inn i t  b’rs .
receivers . trai ms t in it t itng and receiving innulticouplers aund f i l ter s . and other rf distribution
equ iptn le tnt.

Mamny cotnipu ter sim uila t to m i programils hn, ix C been developed to predict tine pote nt ia l
i u n t e r f ’erem nc es mtnvo lvi ng rf comn mn n umm n ic at ion sv slennis , I-or e xam i ip le . Slnip h oard I- led m o m n m . i g n n e t  Id
( o n n p a t i b i l i l y  Aina lys is )SI ’M( .-\ )  developed by Genera l Ekct ric amn d A t l a n t i c  Resea rch ( or—
porat iotn t ( E1 ,-\ R(’ I am id hmnl erferetn ce I’redict ion Model (1PM ) developed i~ l i t  t o t t  ji t ime

cotu pitte r pro gr am s which directl y address the shipboar d mnterlerence preClidi 1 )11 problem
( o— S ite Ani:il~ six \ Iodel U ‘OSA M ) developed by fIne I’ Iect ronnag mnelic ( ‘onnpaf m I’ili I~ \nals s Ix

( enter l’( A(’ ) of I)ol) . ( ‘o— S ite S it nn ui l at iomn Sy s t e m- I  ~
( ‘( )SI \l - I f  developed l’s III’ Research

hm n s t i tu te .  lm mtr a sy s femn n Flec trom m na gm ietic (‘ o i m npa lm b r l i ly ,-\mn a l v sns Piog r .tmmm ( I I  M(’ \P f  dC’5e lopedby McI )o t n mnell A i rc ra f t  (‘onm pa mny , a mn d Imnf ra s v s te l l u  (‘ otn np~II ihml I f ~ \ii ,il~ s Ix  Pt g r . m mn n m IS( ‘ \I I

developed by S,IC ’ I Ix  I reet inan Assuc latex are inure mdii ect l ~ re late d to t ine rf s\ xleimi .I)’O,it h
sh ip.
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A mnna imu a l des igmn pm ’oce dure Ca lled l’RI:l) l ran s m mm it t er  a tm d Rcccise m l ’C lutp i nn c in t
I)eve lopmmmeim t ) xx as Cleveioped by NI’ I C . IRI-  1) establishes fl it’ de c  I rical pert or imlam nee clma t - . ic—
ter istics required in comn mmmnui i n i ca t i o t n eq ui ipm m ne nts for succes sfu l o perat ion on t nav a l sh ips .

there ex is t  two basic differe inces betwce t n l’RIi) atnd tine ot lner t h ree t cdhimni huies ,
w i nic h m are SI’ M( A . 1PM . and (‘OS ,\\t First , l’Rl’ I) is amn rf sy ste m tles igmn tool wh i le SI \ l ‘

I PM . am n d (‘OSAM are m nn a i m n lv used as i tm te rf e re nc e prediction tools . Si’ M( ‘.\ - I I \ h  . amid ( ( )-

S. \M calculate tIne value of aintemu na iso latioin am- id predict tine power levels of direct t h reat s
am i d imndirect t h reats , l ine direct  threats are at tra nst nit f rc q uie m nc ies ar nd C aui s e prod uict iomn of
im nt e r l e r e n c e s  in receivers such .is receiver cross mnnodu lat iot i . ret ’e lver des e nsmt i ia t io m n , spurIous
respotnse , am i d recc is-cr imn t er mm nod ul a t mom m . l’ime imndi rec t t h reats are at receis er f requernc ies ar id
are im nter l ’erences produced ou ts ide tIne receivers sucln as tra n sm i t ter hroadbam d noise , tr a ins—
miller Ima r i nnomn ics . spur ious emnniss ions . and tr a m m stn i t ter  itnt e rinnod ulatio un. Omn t ine ot h er Ima u nd
‘r RE D follows a step-b y-step desig mn procedure to emisure t lnat tIme iintert ’erence power levels
are short of tIne threshold of um iaccept ab ihity . I Inc step s are listed below.

I. ‘ se qiias i— m nmiinimnn um nn attn’tosp imer ic noise to est at lisln a required am - i te m n mn a Clef icienc\
which is emnmp loyed to tlesigmn tIme receivimng s it l’ s~ stern , i Ioxvever _ if an cx tenna l m a t  u im a l  i no lse

level is bel ow t h e  receiver mnoise. mw a nte m nn a del ic iem nc ~ is requited.

2. I s e  t Ime most ini port a mmt direct tlnrea t to estal h is hn tine mn na ’x i rnn uim allowable a rnteniu.i
iso lation (atntetnna coup (itng).

3. l)esi gmi tine tr au nst u itting su i l s~ sm e m sv lnose indirect threats are acceptable.

Note that eac h sfep is aim i terat ive process whic h not om nl predicts tine u n  t e r f c re mn ce  t oxver
level but also u d e m n t i l i e s  possible def ’ic iern c ies of tine sys te m ,

TIne seco mnd basic dif l ’ere mice is tinat ‘I’Rl’ I) i s .i m n ma m nua l procedure A cor nnpute r pro-
gratnn based on IRL 1) Inas riot ve t  heem i developed: otu ti me oilier hand. Si ~il( ‘A, h1’M - and
(‘OSAM are cotniputer program s. Recog mni /iung thnese two basic differences xx ill make time
couinparisomn of tine four tniodehi mng tec lnmniq ues mn nca m nim n gf u i l  -

flnis report presents an cx a lua t iomn of tine c om mn tn i t ir ntcat iC)ti s y s f e r i n  t ort io n s of SI \1( \

I PM, (‘OSA\l , aind ‘IRE 1) . ‘l’lne ot lner less applicable t mn ode l i m ng te chni n iques are a11 Im’e sse.l as to
gemnera l capabil i t y . l Ine ev a fu ia t io m is based oti tIne C locuir n ietn t x w ln rc ln N i  L(’ h a s  at t ime pt’ exenn m
t im nne. ‘I’lnese docu ime rnts are ideinti f ied l’~ ,ister is ks inn I Ut )  RI Rl,I(ii, R.-\P I I \ .  lii perfornnn i n i~
t lnc co m nnparisomn . xx c coinsider time niodehitig teclniiiques from - in time f ’ohloxs ring iew po m u nt s

Model imig pinilosophy

F he \ i bi l i t  y

l)ata base

Noises amid iumt ertere ii ces

h im terlere nce t hm res hnoh d cr i te r ia

.-\ tt emm u at ioum mode ling .in i an ten na cour p hm mn g

I ‘r i mn lou Is

~Vi t hn respect to mi not le lm ing phmilosop lm~ , l x x  I t 3 iii ’st tol ls are t’ o t m s l d e m c l ,  I irst . w h at s~
t e m m n t in o de hi tng .ipproachm is used detemm m n i mmi s t rc it s I , i t is t ic .t I ’ ’  If a s t , i t l s t m c , i l  . lp p ro.k - I i  is

c inosemn . w inat para mn neter s if ’ t Ine rI s~ s t e m n m  . ir ’ c on sidere d .is r. imi fo r mm x,I r i,I l ’ lcs lilt ’ sec rit h
qu mest oim co ncent ms t Ime approaC h of mC ’ c c l x e r  III - k’lIiI g Is .1 R e I d iiii. di,’ hu ’tl is .i blac k box

.
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I
or is eac h f u i t n c t m o n a l  block of ’ t ine rec eix em mmiodek’ d i u m d~’ m.ii l ’? I )ocs the rL - c c j x c r  m i m md el ini g in—
e lude time second detector stage am nd t h e  u m m o d u i f a t i o m n  PL’ of t h e  desiu. l sig rm.m l arid utu nde sired
xi gt ma Is ’

‘1 I ex i h im l m tv ’ comucerns t Ime o p t io m ns  axa i la h ie I i  a co tmn put e n I I  C r . i m l i  .m t m i t ine  ,ih ihiix I
to hmam nd ic suhprobletn’is ef ’t ic ienIl~ . It also ck iltcrmu s t Ime ,il ’ rh it s t I ex. 1 u.ilc ‘ n ig i l iL ’ L - i  t u g  des ign
tradeol f s

‘ ‘ l )a t a  base ’’ concern -is tIne sources of data .imnd tIme C’ o m rup le x l l \  i l l I mc : ’ . i r i I ~ i . i t a .  l i i
add mtio mm . t imere  are lxx o quest ions  ca mn n inod t m latioi m s h ie ct n , i  be un i t  u t i le _ f  mum l i t ’ 1 . 1 1 , 1  base, am nd
w h ich rl’ e q u ip m nme u n t s  h’iave data stored in time data base ’.’ I lmc proi le i r t  of t h e  a. iir .i t i  t I me
data xv i l l  not be addressed,

I l it ’ approac h e s  used to predict am nd u i t i l ite tIme noises am - i t im i t e r te me m uccs  xx i l l  be
um - ivest igated. lime aplim’oadlmes uixc e i t h e r  emn npim’ ica l data oi- tnn at! nci nn am i .iI imm t id c ls I f ’ n i m . i I h i , ,’-
mat ical in odels are used. whnat alt’ time mnnode is. ’

l u-i tlneory, i t  is necessary to ide m nt i f ’y all I M( ’— t - C’hat ed parameter’ s I I  c.icl m sv s le m mn coin—
pomiemi t , I-or ex a i n-ip he . approx innatel ~ 2 ~ para m nnete m’ s were rex icxveC f I~ l i lt ’ I ccl r I l n a g i m e t  ic
(‘om n npa t i h ih itv Figure of ’ Merit (I M(’ t ONI I (‘ om n in nnitte e (mef I ) ,  I l ox v exc r . mum pr. c t l c t ’ . x xe  i,Iii
co mnsi der only tIne mnnos t im nip o rtamn t o m ne s . svhni cln are classif ied ax fo l lows

Systemn i lmn di rect ‘Finreats

Franstu it te r broad bamid rio se

‘I r am ns nn it te r lnar m n om nics
‘Fraris unnit Icr spuri inui s em— missio n s

l’ramnsmmni t le r it - iter mn no i ft ila t iou -i

Paxxix e device generated m tmt e i i n no d u l a t i on

S~ s t e i n -i I) mrec t l ’ l mr e at s (‘ auised k l’m’a nsmnn i t t e r  Fum nda m nnen lal Frt~q u me nuc ies
Receiver m iss mnod ui lat io mn

Recei x er des e n- isi tm ,at ion ( receiver sa t um rat io i n on overload I
Receiver sl um niou is respon se

Receivem’ in ter um nod uila t io mn

Receiver hurmno ui

I n ns i r l)t n m nnem - i t ah I indirect

Atm uos phne n ic noIse 4 ainh ie mnt umon se 4

Ruis t y  bolt top s idc— get ner a led i m ntermtnodu ul , mt io t i  I

SI i phio_ i rd m n n am i—m nnade niom se

Rec elx ct  Im nte r i - i~t I Noise I N ose Fmgu t re

I la vmi ig con nsmdercd eac h ivpe of im ntcr fcr em nce . we as k xx Iu.il lIme i u l m ’ r  l c r en m c e  Ihime s im o lt h
c r i lerta are ami d xx hicre Ilmey should lit’ app lied. t 1 x ii,i ll~ , tIne m m n l e m fe r en nc c  I luni ’s hiol h l i i i  1.1 alc
set  at f lmree iocat l l in is  of tIme rece ix- im ng s \ s l e i l i  im np ui l  to time ml ’ :m t mm i i l i f  I i  s i , I L ’ t ’ . ou tp u t I f  t i l t ’

l , is l m m nf t ’ru nm cdia tt’ f r t ’ qut e mmc ~ f I l l l i l tem stage , and output of flue detector sI.ige

I \ i l  I I ’  II r I , i e n l ’ I i ’  (‘ inni hai ihi l i i \  1-ig u mne f ‘dc i i i  (I \l( I (~\l ( I o n  Siugi ’ ( ‘h i , inrn i ’ l  \ c ( ‘or mmnniuim nm .ili liis
I’ qur i p rrr eii t . II I I I i nn s 0mm I \I( , i’ ’hii i .i t x l’i7S 
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“At te nt i a t  ion modeling” co mncernis t Ine selec l ix i ty  of ’ titter devices , t he im iscrli om n loss of
f ilter devices , transmii ission line insertion loss , ami d misniatc ln loss. “,A mitenna couphitig ” co rm’
siders t Ine muetlnod f ’or obta im n u mn g au ntemi m na couiphing values or for estabhishning a requ iircd antemnn :i
con phi rug va l t ie.

‘‘I’rm mito u its ” co ncerns the various types of outputs Which each computer  program i m I_’ .in
prov i the.

Sections 2.0 thnrougIn ~.O discuss time tour maimn mim odeling techn m ni ques SF M ( ‘ - I PM ,
(‘OSAM , and TREI) one by orue. Section 6 .0 describes oth er less applicable techmn lqu i.s
briefly. Sect ion- i 7 .0 presents a suminmn iary of tine comparisoln of ’ t he four imla in tec h nique’.
Section 5 .0 is a preliminary eva luat iom n of tine exist imig syx te in ’i amna l~ s ix  tech m niqt ies , Sc inn
9.0 preseunts conclusions amid reco mmue midatio mns ,

S 
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2.0 SHIPBOARD I’M (‘OMPATIBILITY ANALYSIS  t SEMC ~~4

SF MC,- N xu ax developed by ( ;L A R( ‘ , SI \I( - ‘N I xx ax com p leted  in I~~~( l i i  am id lm.ix hee mn
‘cx ise d four t in i i cs  I lmt ’ cui rrcint versiorn. SI’ \I( ‘ \ N’, xva s co um - ip leted inn I I) ’

~~~ , I lie ex ’o lut ioun
of S I-M( - \ IV to SI’ NI(A N imnc ludes tIne to l loxvi t ig poinmts:

• ,\tli inn c ,i thet et’tor mm no dcl

(‘onsidering tlue m ui od u i l at iou -i types I f  tlm e desired signal amid unidesirt ’tl sigi nais

O b tai num nn e e\ prcssio ins t i ) relate smg m na l— to—nno ise rat lox f or  s igna l— to —t i n t e r fc re n n c e —
plu i s— mmo ixt ’ rat ios )  betwee n tI le u n np ut Icrn niinal and lime output te rmn im nal of ’ ti nt ’
tie let’ ton for various mod t i la t iomn I V es

)ht airm i m ng rt’lationslnips betweer m s i g in a l— t o—rno j s c raf io (or sIgnal—f 0—in ter l’ere nic e—
plus— n- ioi se rat io) of detector  outp umt ter m inal arid art icufatioru i m mtl L’ x for x a riouix
mi-iodu i latio n ty pes . ,‘\ lso . t Ime re lat t o m nsluip s betxveen m x i g i i . i l — tu— nno ix t ’ ra t i o  ~or
s igr ual ’ t tn— im it cr f ’erc m nc e— p lus— m no is e r a t i o )  of ’ de tec to r  inipuit te r m n n inn a l  ainil l i i  c rnor

rate

Obtaining a m e latm omns l n ip hef x s ” ec m- i a r t i cuml a t iomn inde x f t r  h i t  i-rn ’ r i t e  I am nd
intel I igi I - i lit y

• ( lnang inm g t h ie ennt l po int of ’ ti - ic ( ‘ t ’  FF3 pro gtannn f ’nomu t Ine inn put of t in t ’ l u s t

mi xt’r to t hmt’ input of rf amplifier

• ( luam ngi mm g power cull criteria fro m us inng ni im ’Iimunni discer nible s ig mnal I NI 1)5 1 to
I ~ tih3 below receiver noise

• (‘ lnam’ ig inm g :mm n ib ic m nt at—sea noise leve l .‘t~\ i, I inmodel

• (‘ham igi nmg tranistni t ter m oist’ level ( ‘I N N ) innoriel

• Addim ig su brouti m nes BX 2007 and RO\43 f ’or coup lers ( ‘1 2(1(17 a m mti S k-N 43.
respect l x e h \

• (‘Ima inging input arid outpuit fo u’mat arid data base accordi mig to t h e  a l o e
motf if ’icat iun n

‘Finis tfocumni ne r m t is t’o ni cer nie d x x ’ i I I n  SI \l(.’,\ \‘ 
- xv~’I i ch n is t,fcscn ihct l h\ x olun ines 16 N, I OR.

and I (K ’ , Vo hu nnne I OA xer x cx ax tIme user’s n’efcm-erucc m a n ual . N’ olunnit ’ I OR tlesct ’ ibex tIne
actual  s ubrou l imme s iii de ta i l , prcst ’ m mts  t ex t  cases . : in m d g l x ex  I l - i t’ hi st im n g s . Vo hi in ine I I)( ’ ti~’xcr if es
nnat lnen iiat icah nnioi ,hels used iii line pmo gr a nun -Nt presem it. t i - ic evaluat ion ol SI’ M( ’ N \‘ is h.ised
on vo lumue h ( f ,-\ o u nhy . because solum nn es IOR am id 100 ’ an-c not ava ilable lo NI 1 0 ’ ,

2 . 1  GENERAL t )ESCRIPT ION

Sl \I( ’ ,\ V c o i n s i x f x o f ( ’t l I 3 ( [ l  1 4 . FRi ~ ) t h  N ( Y  S i t I ( ’ I h O ~~~, annf ( 
~~t ’ I ’ I  I R

MA I N (‘otupuiter f r l ig r :i i nns , ‘l Ine ( ‘ t I  1 3  pnogr ;im nn . xv h nm ch n is a poxvcr transfer pr ogr ,innm . is
use d t o  p ro c c s x  t r a m m s i l m i t t e r  spet’tra t hm ro uigl n l r ; inn s inutter t- h na imn e ls . xl ii’ , aind r c cemx e n  li on ’
um eix tip to tIme i t ipui t to eacl n re ceix em ml ’ a unm p h it ’iet’ . I lie (‘I I I 4 iccei xc i ’  i i l l O i . u t m l  t lmcm n pmo
i’ t’xses ti me t o t a l  i m m t e u ’ f e r ’enn ce x pec t r um nnm f lm t ’o uu g ln a I n c u r  or iioi n him nt ’am ’ i f  .im n np l l f  icr’ mu os_ fe l. lint ’
m in i ’ x cr  II scs _ ’ t i o mns , ani ,h t i l t ’ t he t e c f o r ,  I lie h ’ RI  (_)t I \( ‘n S i I I ( ‘ I  ION ‘n ci . lm n i  mx ut s & ’t l T o
_ iss m gmm ct nmpat ihle l ra insn n u i t lc m’  a n t I ret ’ e i x t ’i t’cn lt’r f r t ’qu iem - ic ies in tIlt ’ It t hm m’ ou ig lu u h f  I , iun zc .

(I
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TIne ( ( )l Pi I’ R N1 \I N program is used to deve lop and ex ercise coupler models amid to plot ii u n—
pedaunce data in Sun n itin clnart foru m . Figure 2-i shows how the SI M(’A programs fit together
amid h ow t Ie progr aunns cain he used. A sh ipboard comumunicatiom i syst emm i comn si st s of all tine
tra u s m nii t ter s ,e  ouplers . f i l ters . antennas , amid rece ivers , Figure 2-2 represeunts a typical com m-
mn u n iicatioun s y s te m model wlnic h is employed by time SI M( ‘ N V program.

T’Ine SI’ \l( ‘ N ( (,LL3 and ( ‘U L L 4  progr amnns cami he used im a s im n g le- x hui p evaluation i
m ode , a muiltmship irn t rasln i p evalua t io n mod e, am-id a nni u lt i shnip intraship amid inters lnip evafu a-
t ioui mode.
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1
[ MODULATION TYPE J TRANSM IT CHANNEL
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I~~~~
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’
~~l~

) 
r
’
~~~~~~~~~ c~i~~ ni [i t  Losses I ~~ i Iml,s’c1anc~2) Noise spectrum 3) seiec m v iny 2 1 P,inis’ rr q,Isri

31 Intermoduiation L characreris nic 3) I - l i , i 1 1 1 1 1 1 1

Si eci rur i Iroin Other
On’board T ransm ii le rs

TRANSMISSION LINE RECEIVE ANTEN NA ATMOS NOISE
__- 

PROPA GATiON MODEI, S
n t Losses ii )fl1~ ed.1OCi I H Groundwave

2 1 “,Itterfl g,Jiri 
~~l 21 Line ol slq ht3) Po la rizans on ICOMPOS ITE RF SPECTRUM 31 On boa 0 coupiinq

RECEIVE CHANNEL

REd )V [  COUPLER R E C E I V E R  RF AMP LIF IER MIXER
) I i i S i ’ i l 1 i ri loss ) I Barisiw isinls ~ 11 n
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I
2.2 MOI)ELING PHILOSOPHY

SI M(’A uses ami incomp lete s ta t i s t i ca l  approach in s~ stein - i modelitig. N co rnmp let c
stat istical approa cim cam - i at- issve r the f ’ollowiun g q uestio un

Ii f lue pert ’or u mmaiic c of a receiver is graded as acceptabhe (or ri nargi una l 01 unnac-
cepta hhe I. t inen sv lm at is time probabil ity t inat time ret ’e iver perf ’o r imna mnc e is
accepta ble (or mniarg umia l or uriat -c e pta ble I’?

To answer this quest io mm . tIne probability densi t y  f um m nc l ion (PI)F) of t Ime s lg i n a l—I o — i i i t e r le r c r n t - e —
plus—u no ise ratio (SINk I at tInt receiver de t ec to r  o umtpu I iniuxt he deter m imned . huit tIme SI - N1( A
programu does niot caicu ihate tIne 1)1)1: of SIN k at detector ouitp uf and car im not a mnswer t h n ix
questiomi,

S i M( A does treat the desired slgni, il power . a ntet - i tna cou ip i rig, arid in tcrf ’ereuee
powers as ram ndo m nn s-a riables . ‘FIne interfe reince powers mincluide t ra ni s inni t t c r  l’iimm dan n- ie n laf .
trans m it ter ~.armnon iics , tran ix inn if ter iu terr nmod un Fi t j oin , spurious c n n- i issiouns , traunsuii it Icr broa d—
ham- id uiousc. amid aum nbie r i t a t—sea noise. l x  er~ onne of t hese ramidotm i variables is ass uimue tt to
ln~ix e a ( ;ausskimi Pl)F . Eacln ( ;a~~~i~~ ran dom -i x’ a riahle is def i ned h~ a nnnt ’an v,i lu ie a i ms _ I :1

st am id ard deviation ( a )  xv hu ieh are supplied by tine Si’ Nl( ‘ N  program.
It takes a uno nm hi iie ar opelat iomi tdi s ision I on Gau ssian ramidom xa ri ahles to ob ta imm tint ’

SINk at detector oui tput wh ich is also counsidered as a ramidomni variable. ‘ l’heref ’ore . tIme I~I )I
of SI N R : :t detector s uitput iiiav not be Ganussian. SI M(’ ,-\ does not ca lcula te  t l ne P1)1 of
SINk.  a lth otmgh m it can be ot)ta imled by Nlouite (‘ar lo xi miiu latiomi or analyt ica l  der ivat ion,

As to f Ine i’ e c e l x  C r  umiode lim- ig . SI’ M( ‘ -N N’ unno dels eat - in fu in t ’t iou - ial block inn deta i l ,  lime
tuniet iomsa t blocks .uuxd the rexixti re xt imsformatnon con ieem ’n ing each hnnictmoni block art ’ described
be low:

RE Amplif ier: types of f i l ters ( s i m m g le—t uned . I3ut te rwor thm . 1 chnehvt ’licfl ’. Q—s _- om msl a m n I -
e t e ) .  baindwidt hi , gaimi amid automatic gail- i co umt u’o I ( . -\G( ‘ I. sal un- at ioui level , Iint’ar or m- ioui h im ’mea r
at m- iplifier, ii n un - i her of sta g es

~xIi xc r iii iii x e rx  ( f i r s t  tn i xe r , se co ind n n m i x e r , or t hnird ni _ i xc r )  Iiui\er t \  pe (tr ios _ it’.
diode . p emm t os _ he , l r a i ns nxt  si r , or spec ial ) .  tnn ix er opt’ rat io nn (sit igle — enided , balamit -e d p u is hi—pi i l l . ha l—
am nce d pusl m— pums ln. ser ies double balanced , parallel double balan ced ). local oscil lator I h, ( ) 1 ii ’

que mncy . t ower level af m m n l ’ xc r it- ipu l , ati d uiiixer x .iluir,it ior lexel

I i i t em - t m nedi a t e f ’re quie imcy I l l - )  amnip h i f i e t ’ ( s ) f f i r s l  II , ss _ ’ s_ ’~snd II , or lh mi r s _ f  1 1 1  h . i m n t i x x r s _ i t h i .
ga ul .  ,-‘t( ( ‘

, unu lm n l h e r  of stages

I ) c l c c lom Nios _ l u i laitoim type of ’ de sired si g m nal I NM , SSB , I SK, I NI , pui ixe ) am id s_ te l ec t o t
f~ pt f~ r a s_ I s _ s i r es _ I  r mnos _ luml at io n n ly l e  ( th ios _ Ic— s oi te  barn s _ I f i l ter for \ \ I,  s~ mnc hn r s _ in m oi ms — pro s _ Iu is _- I
detector  for SSR , prot iuit ’t detec lo r for I S K .  ph ase s h i l l  d ixc u ’ i nm mi m na i i i r  ton  I NI . .ini d diode—
ssis _ t eb armd output tot ~um lse

Using f ’u i r mcl m o im a l b loCks ina i mm e l , rI i i m n ph i f i c r . n l m i xc r x  at - is _I II anm np hi f ’iemx s y s t e m
s_ Itrt ’ t’t t inre a ts m i - p red is_ ’t ed. I lie ef f c t I s  s _ i f  ss s l emn m direct t h i s _ m Ix  m r i t - lude i s _ s _  c I S  Cl  s _ i  Os’ . nm i ts s _ fu i
I~u l i ot n . ret-erver s_ t t ’ x s _ ’ i n x i l u , a t i o n i , n ’ e c e i x e m  x p i i m ’ i s s u s  I s _ ’ ’.r’ ‘use , a n s _ I mci  c i x c i  Im n t e n ’ i n mo d ni . I I iom n ,
l ime Iasf f t im i c t io m n a l  block O i S t ’ x s _ h i t s _ i  liii t r , Im n s l t t  f i i u i ,  u s _ s i n s  xx l u i s _ I i  rel , i t . ’ S\ R (or S I Nk )  i t ’ ’

tx x t’enn t iis _ ’ imn p iml  I c r i m mi i n a i aind lIme o u mfp i i t  ts _ ’ mn n mmnm. i I ii t h i s _ ’ s_ Id e s _ I o n  t i m  s. l n Iou is u nu o s _ l i i h _ i t us i r - i
i~ pcx , I lit ’ S’x~I’t I s r i ’  S IN h~

) s _ i f  f l i t ’ s _ i s _ t s _~ I~~i il i u m i l l s _ I  s _ s l i t  l i l t  I s _ n  n n m m n , m I  .it ’ s_ ’ t h m e im i ist ’t h I s _ s  t ’a l s _ ’ t t ’
la te art iculation iums _ h e x - l i t  err s_ n t a te .  .ii’is _ h mmmte l lmg ih i mhmt ~
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2.3 FLE X IBILITY

I Inc SEM(’ -N N progrann Inas several o pti om ns ‘N’. m nn e nt io nnes_ I in-i section 2. 1 . t l ns _’u ’e ,irt ’
t h ret’ inte rt ’ert’mK- e ex~iiuat iomi in os_ Ies sin ng le— s hmi p , unmu i t is l n i p in itrasimip , a m nd mnu it is ln ip im ntr, u
s hip antf ini ters iup. I n n at id it iou , t inert ’ are four t’onup uten pro~ram n is ( ‘t 1 I 3 , ( ‘1 1,14 ,
I’Rl QVI N( \ S I ’ l I ( ’ I iON am id ( ‘~~t Pt  ER NI,-\ i \  ‘l ilt’ four prs_ lg rain us cam - i be Ps_ i t to get her
to eva luate  au rf xx x i s _ i n n  I M( ‘ prob k’mn m or t h ey can be used ins_ lependt’ m mt ly to evaluate
sui hpro hiemu ns .

If xx e tb i-tot xvis in to con - isis _ her tine mniodu lat ion m v pes of desire s_ I au th uindesi res_ I x ig nn : iis
aim s_I do m o t  wish - i to eva luate rf xys te u n l  perf ormamice in te rnnn s of a rt icui lat io ni  in ns _ I c x or hit
error ra te , t hem- i xx ’c Inax’ e t Ine ch oice of not usIng time t iete ctor f uum s _ t  is _ n nal block of t h e  rs_’t-c ix er
muodeiing. h u e  receiver mmi os _ i e l ini g stops at t ime last II- ’ aim np h i f ie r  x l age, Ni ii s s_ ’s anti iii t t ’rf ’ert ’ n is _ ’ex
w lumc h will g ixc um nacc e ptable receiver perf ’or n ina unce are pred icted at t u e  ou i lp uit  s _ i t  h i t  II
amu p hi fier stage.

SE\ h( .-\ has progm’ai n i— xui pp im ed s_ lat a amid models. huit iii m nn a ruy cases a 115cr cai n use Ins
own thata or change tine parameter values s_) f t ine progra mni—supp iit ’s_I m odels . l ine opt ioins i s _ f

I lie nnos_ Ie is . m e  progrann—supphed nnmos _ Ie I . uis e r— su ip pi I t ’ s_ f basic nn m o dei . user—supplied xpeci f i t
m nios _ IeI. ans_ l use m’—s u i pp lied nnnot le l adjust i nme int , N um s er—su p p hie t i  basic inos.fe l xxi i i  ove r m’ is _ Is_’ t int’
progratnn—ss _ ipp lietl nnnode l. a ux er—su i pphes _ h spec i f ic  lm nos _ Ici xx ’ mhi override lime basic n - i m ot hs _’i. a
user—supp lies _ I model adj ustment xviii adjust  il- ic basic or spec i l ’ic nnn s_ i t lel - I able 2—I  slms _ sx x x lint ’
avai lable opt ionis s _ i l  the SI- ,Nl( ‘ \ progran mn nnodels , \Iot iels are desc r ib es_ f in xt’c t ion 2 ~

FitmalI ~ , S I’ \ l( ‘\ has optio ns of pr i ni tou lts (i f t iex ired x ig i ia i  a ns _ i ps_ ixver s u mm nn m nn ar ~
sariouis rece iver slati es .

‘ F \Bl.E 2 - I  , SI \I(’ N PROGRA M MODE IS ,

I’i i s_ i ia i i i  t ss_ ’ i  -Sup p lied t 5~’ i  _ Si m~ip i i’d t st ’ i  ~Siip~iiic d
SI \t ( ,-t Prograi nn N t i s _ I s _ i s  Supp lied Basic \Is _ i s _ f~-I Sps_’s_ ’ i t ’ic Nts _ is _ lel Ms_ s d~i ,-“ss _ t ) lmsI I i l t ’ mi l

TX \ i Ixs _ ’ Les _ s _’I ‘. c s  I \\ \ lOI) ~.u’ s _ I i’s ( I IS1 card I Xl  SI (, s_~~i s _ l
(s et ’ t io m I  2 16 ) sec liol l ~~~~~ I (s s _’c i ls in l  ~~~~~~ ii i

I \ \  \l ) I card
‘ I I v s _ s _ I  i i i  2 41’ I

t \  Ps_ I I’isi du ms _ ’ n \ C s  i \ l ( ; ,-\ l \  RASR’ I\1(, NIX cans _ I  lM \ I) .I s _ a n d
card (sc c i i s _ s _ n n  2 . ~I I ) s s _’c l u s _ s n l  3 24 ‘ I
I x l i  i i )  2 4 I

I \ Ountpul S i ,met - ~ cs I \ I - l t  I ly \Sh ( ’  P s _ l I t  I c,uil rio
s_ m rs _ I I st ’ s _ i  I s _ s _ rn  , 2 II
I xi i ’ !  i s _ s ri 2 6i I

t’\ Spct ’ I r uun mm m i s s  no \Sl’ IKI s_ i l l s  i’ ( )tt \ I ) I  .,iid
I s s _ ,  iii ins 2 2 ( I vs_ ’ , T i , ’ 5 i  2 Ii )

I’t )Nti\ ( 
~ ,m i s _ f

I v s _ s _ I  i s _ s r i  2 I
I’( I~t St ( ,
I sci,’ iitiii 4 II

IX  ‘1x’ s_ ’ mr m mi ni  I s _ S i ’ ! S t ’s i i ’ ’  \SI’ll’s _ l  s_ u s_ f ”  m i s s

Si~iui dj rs_ l I ) cx i .m i i s _ n i x  I vs_ ’ s_ i n o rm 2 2
I N I’ms _ s _ h ; ih i h i t~ I),i ‘x i i  s _ v  Ii I SI I P( 1 ‘N s_ m rs _ I  ml i i

— I vt ’ s_ mi ts u i
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F
‘E’~\ f3 [, 1 2—I - I(’ o f m t i nmued ) .

Pro g ian mm l1 seu ‘Smipp h ms _’d tiser’Supptk’d I v s _ i  Ss m ip ! s _ U

SI’MCA Pr ogra m ni Model s Supp lied Basic Ms_ md ei Specific Model Muudet - \ s_ l t uus m r iu t ’ n s _ m

TX amid RX hmnnp edaince Cs mi ss  RI 51St ’ amid m i s _ u

RI- A(’T cards
(sce t i usn i s  $ 2 . 1 2
amid $ 2 1 4 )

RX I F Noise Ba iis_ Iwidnbi S s_ ’ ,v m i s _i  RXI I’ 11W can d rn s

(se c i i s _ s u u  1 ,2 , 4 2 )

RX Mixei yes no Ml\I’R ca ids A l IN) s _ u s _ I
( s ecii s_ nu 4 , 2 4 )  (st ’s _ h o n  4 2 )

.‘x( Ih IN) card
(ss_ ’c u l s _ u m i  4 I I

A i n u h iei ni-A t -Ss _’a Ns _ I ls c  ‘s _ e s  A Nt c ar s _ I  u s _ u  AN I SR ca id
L~ve I (ss _ ’e nioni $ .2,$~

) ( s ee i i s _ sm n 4 ,4  , 2~ I

lnumia ’ S hu i p LF’,MF,Ihh: vt’s AN r ’ ~ P card no A( ’S I( c ans _ i
Amiu s_’mnna Coump liing (sect ion $ ,2 . u) (s c cuis _i i l  1,4 2 7 )

Im m lr a — S hu i p V hlF .t l h IF y s _ ’s n ms _ m rio 1N(’SIG s_ ’ar d
s_ ’x ii t em nmi a (‘s_ iu plnmg (s ecl is _ sni 4 4 7 7

In icr-Sh ip Aimi en m m na si’s uno u s _ i  A( ’SIG cant1
Coup immmg Ixc s_ ’ t i s _ s _ n i  14 2 7 )

N u T  Si’ s _ i t s _ s ri siunhlit ’ rv ur n I sas s _ -nh ls s_ ’ses are li lt ’ ss_s _  luissi sss _ uI i l I i s _’I”, s _ s I NI ~U ‘ - s _ s _ s_ lu rs i s_ ’  iou , Uss_ ’r ’s rs_ ’ Is _ ’ rs_ ’ s is _ ’ s_ ’ st i ,us nu, ,s_ I ,

2.4 DATA BASE

Measuired emission spectra of ’ tra m- isimn i t ters an’e umse d as itipumt s _ l a t a .  I l- ic n- i me : msu i rc imi t’ n ts
im iclus _ le laboratory mnne as u re nne imt as s_veIl :ms l imited slni p—f i eld m n i ea s u u re nu m em nt . 1t e n ip i rns _’ai da ta

are umot available , tIme mnnet hnod s _ il predicting t r am n s in i t te r  eunni s si o n is bs s~ u t h m e s is I no n nm par t ia l
or co imipar ab le s_ Iat a or by pro g ram mn t mniumg an alog nmmo de ls of ’ t Int’ eq imi pnie rml , I lit ’ a n a log c u i i m m —
puter inmos _ lef i~ a l’reqs _ ue nn s_’y sca led re pre setmt at moum of tInt ’ at’l uia l t r a i m x n m n m t  ts _’r . xvi i  c li I i - i s_- I l l s _ f s_’s
somiie of ’ f lit’ mmom n lim iej r sI:i gs_ ’x . fanm k s_ - i r s _- l u l l s_ - Ina l , ms _ ’ I s _ ’ r l s t i s _ ’ s , a m n i l aim s ’ o t h e r  a p p h is _ ab l s _’ cm rs _’u li t
pai ’am nnet e rs sv h m i s _ - in af ’f ’et- I t Ime t’ m nniss iom n spectrunu im . l ime ani.i i s_ ig nn no s_ Ieh nx ll,ist ’ s _ l s _ nun t r , m i ms le n  l l m n n s _ ’ —
f iu) i eq um ival s _ ’ n nt s_ ’ i rs _ ’u m i t s  w hn is _’ Im d t iphi s_ ’ .i Is _ ’ t i lt ’ s _ hy m na n iu is _’ respunnse of time a c t u a l  t r .mmmsnummt te r
s _ I  rc m u m  Is , 

-

Sitim ilarly , ss_ ’ x t ’ra l Is flt’s s _ s t  mt ’ cc mv e r inn m \ t ’ rs , l i s _ ’ m m m u s _ Is _’Ie s _ h omn , i tna is_ ng s_ ’s _ sm nmp l i t s _’rs in s _ u s _ Is _ i
II) l’ rmnn an e imm p i r is _ ’a h a m - id m nm ~m t his _’ m nn aI i c ; i l m m ’ s _ er unm s _ ss _ ls_ ’I s umit : m bl c for p rs _ mg n ’ : in n mimll lc tr im t int ’ s_ h ig i l , ui
s_’om nnpu iter . I i ut s _’rcepl x a lu it ’s of h i t ’ mi n l \ s _ ’r s i lmt pu ml  levs _ ’ lx x t’ rs um s l unpu ml Is_’ve l t’ lir’xe s h a s  e bs_ ’s_’ i- i
s_ Ie ter m n mmne s _ l  for f i x s _’ m u nput s m gm na ls .m mm d t lnei r genei’att ’s_ l hian m i ns _ un mis _’s , ir i s _ I , urs _ ’ list’ s_ h ix mnmp l i t  s _ I , i I .m Is _ sr
eas _’ Im n i m is er  lype

It ss_’ emmm s t hm . i t flit ’ aui. i ls _ rg u mmsr s _ ls _’ h n r m s _ ’I h m s _ rs _ h is s_ ’ u i m nm p ir s _ ’ .itt ’d lit’s _ j u st’ s_’ it in s _ ’r Iil s_ ’ I r , i r i s fs _ ’r ti imms _ ’-
t i s _ I m u  sir t in t ’ s_ ’ urt ’ mm l t  s_ - bu , mr , is _ - l s _ ’ rm shm s _ ’ u I  s _ i s _ l i  l l i l i s _  I i mum i , i l  b ls _ u s _’ k s i t  h i t ’ t m ’ , im n s mn i i t i l l uC svs lt ’ inu s _ in i t ’

cs_’i s i n n g s~ s~s_’ i ii nm u m xh he k i ms _ r ux - u i , I Il t ’ t i i s _ ’ i  l i l s _ r i s _ ’ , t h i s ’ m n , i n i x le m t i m m u s _ t i s _ s n u s  s r i  th is .’ s _ i t s _’ t i i h  s_ ’ h i , um , i s _  let
ish i cs  m nn ~ux bs_’ sinu ls , Ip h iro \Inmm.ut s l i m s  s _ r l v i , i i m n s _’ s _ I t r i unm i  s l v s _ s _  liii , I t i s i i l  s his _’t’Is ,

I Its _ re .l i ’ C mm m , i mm y t’s_ I u l j un lms _ ’ l i t’s us _ h I s _ l i  li m i t ’ s _ f i l m  x t s s i s _ ’s I inn i b ms _ ’ d.u t .i h v , i ss _ ’
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2.5 NOISES ANI )  INTERF E RENCES

i’Ine Sb \I( ‘ N progranm treat s mniost s_) f t i-ic imoises a ims _ I iumterf e remices t lescril uech mi - i se c tmo n m
.2 except passix ’e s_ levice ge mnerated in iterm - inodu lat iou . rumst v bolt, sh ipboar d rns _ mm n — nim as _ I e m oist ’s ,

at - id receiver burunout , NI~it hieimiat ica i mnnodels and data of tIne n s _ i u s e x  amid imnter fere m ns _ ’ s_’x W I l l s _ l i
are us es _ i  inn tine progralnn are presemnted behuj xv

Traums imn i t ter broadband inomse immos _ lel is:

N — ‘ —‘N Iu)g ~ o I I I  OO( ~
‘ — x t ’ t ’x I I  + 13 + P

am n d a = 5 s_ lI3 uim ,

w lmere N’’ is tine mea im va lume of time noisc level in s_ h Bm nn. a ix i ts stat - is_ lard de v m at ms _ s un , f i x  f r equcuncy

of interest im ’i NI II,, 
~I’\ 

is t ram - is m nni t ter  f ’res_ Iuieticy in-i NI Ii,. P I \ us t r a ns ui m i t ter  losu’er im tl l3nni
anti A amis_ I 13 are t’omnsta ints , 1 mm tIne progran mm— supp licd mmmos _ Ie I . ‘N = .5(1 d (3 amid (3 = —

‘ () s_i 13 . hs_ i t
N au is_ l B are inpuit co nsta umis deter m nmines _ l hs’ tine user in - i tInt ’ umser—supp hied basic unmod e l , I- u i r t i ns _ ’m’ —

mmiore . u n  t ime user— supp lies _ I spec i f ic  m nios _ ieh um- ie :msu ire nn ien t s_ l at a s_ sf mn s _ u i sc ls _’s e h in 3— k I Ii h, ins_,lxs is _ hIl l
amid percentage s _ f  f ’requ me mncy s_ Iev mat ionn are s_ use s_ I .

Im n tIne receiver s_ letect ion i- s_ legras _ lat i o rn ana ls s ix , SI NIL N t r e a t s  a I r a n s m m m i t t e r  bro .is_ Ihamms _ h 

~in noise ax a ‘ nmo isc ’’ innsteas _ l of ’ an m m nter fe rennce - l’ hm us , this.’ termmn ‘‘ m ouse ’’ un mc lu s_ Is _’s t he ms _ ’ s _ s _’ l x c r
in- i ternal m oise. lIme a t n n m s _ ) s p i n e r i c  u no ise ,  aims _ I t ime t r : im n s nnn mt t e r  b r s_ sa s _ l ba m ns _ I noise,

J’ his_’ proguam—suipp l is _ ’s_ i f u - an i s mm mi l tem’ i in ts _’ r rnnos _,Iu i I : ut i tu mn nm ms _ t lei g e m m c m . I f s _ ’ s i m i t s _ ’ m r n m s _ s s _ I u t i : m h m o n

prs_ us_ I u ms _ ’ ts I NIP) xv lni ciu ars _’ de xs _ nibe s_ i hs ’

I I Nil ’ = p1 v + (1I (

w h ere f 1~ 115 is time IMP Ires _ luiemicy. Ix is tIne v i c h i nm n t ramn smmni t t e r  l’requi en icv. 
~I ~ 

tIme iu i le r lcn iu ig

t r a ns immit  ter t ’res_~uicmncy . ann d p ai m s_ I t are inn t s _ ’gs_’r cs _ u c f l ’ic ie mits , l Ine um ns _’am i x’al s_ ic s_ i f  ps_ uws _’r is.’x ’e l
of tine 1Mb’ imi s_ I h3 m n mx:

1’ lNiI’ = Ps_ + 1
~~q — Is _ I l 1

~~v — p1 ) .

w here I is ann imnterce pt v al s _ u e w l n mt In is t h e  tu m mictmom - i of tine p :u nmd i va lues , l ime sal u ies s_ if

‘pq are ~is tes _ h beloxv :

‘5 5 ‘5 I ‘5

p i — S _. .‘ I —

— h —1 — l  —2 —2 —2 I — 4
s _ l ,$ — l I , () — 13 ,5 — l O , — 1 3 S  — I 1~ ’ s _ I ,5 — !S2

l Ime s _ .mrm:mn s _’e s _ s f t ime puuxx e n’ Is_ ’x ei  of IMP is:

li
1\ 11)  

= p
7 s; + 2 -

‘l’iuer t ’ Is ns _ m pm’ogn~m mi n—si i pp lit ’s _ I n mus i s_ Ie I  I s _ i n  t ine nnn e .m m n h)s ixx t’u’ I s _ s _ s _’I of tm ’ .um msn l nm l t t ’ n f n , l n

nnm s _ m n l s _’ s ~m m n d t r . m i l s u m n i t t s _’ t spuui ’ iolis s,’lil u x s l s _ s i i ’, l n m s ts _ ’,u d. s_ ’ I ln t u mm ’ms _ ’ .mI s_ ij t ,m lit ’ ii ss _’& I I Is ix u s_ ’ x s _ ’ m . l I m s _ ’ rs_’

h I s

L ~~~~~~~~~~~~~~~~~~~~~~~~~ , ,, , ,_,~~~~~~~~~~~~ , ~~~~~~~~~~ , ~~~~~~~~~~~~~~~~~~~~~~~~~ - _ _ _ _ _



I
is a mn os_ IeI for t Ine standard deviation associat ed wit i n time power level of cad -i spike in-i a train s-
mitter spectr immii. ‘[Inc munod e l is:

—S (f  t o )  + 10 for ()~ f fo

a = 4 f f ’ t ’o )— 2 for I <11 I s _ i  ~ 3
10 for 3 <  f to

w lmere a is m m  dB. f i x  t ine frequency of immteres t ,  and I’o is t Imt~ tr a nisrmm it ter t s _ mumes _ I  l’requme ncy -
‘[he receiver mixer mimode l . w h ich us umses_ I to predict receiver i n t er m n ns _ s _ Iu la t i o mn , ta kt ’s

imnpu it s ig mma is amid mimi ’ s_ es t i euim with - i thit’ local oscillator ( 10)  0. I , 2. 3 . a m md 4 at a t i r u me ,  ‘ l ilt’
nil xer oui t Nit I re s_ luemn ci e s are of tine tori- i

= 

~~I

w h ere a 1 are t Ime imarm uonit ’ values , ‘l ime mim ixer ou t pt m l puss_ er lcve ls i mn d I3m mi a m’ s_’ s _ s f  t ime f ’ornmi

4
P = G + l + 1 3 + 

~~

w here U is a t’u mn it ’t iomi of mixer ty pe. I is tIme im itert ’ept s_ :il s_ i e whit’ln is a f ’uinmc t ion m i f unixer
Iv pe am - is_ I harmomnic va lues , and 13 is a I’s_ int’l ion- i of ty pe of min i ’ s _ er  bal auit’i ic an ms _ l lma r m mno mn ic
values . lint’ x a luies of ’ U. I, am’i s_l 13 are supp lied h~ t Im s_’ prsag ratnn , Inn as _ I s _ I i lm o mm . t int ’ ui ss _ ’n s _ . u m n
cinange tine iii tercept val s_ ic I

Tlnere mx m o  progratim-supp lies_ l t ’nodel to pr e s_ Im c t t inc f ’requeuic ies where rece ix s.’: spur-
ious respomises occur aind to I)redict time power level of eac h spurious n e s ps _ u mms s _’ , Nis _ ’ :isui m s _ s _I
data are uised ,

At present , it us um ot c lear w hmet imer SI- NI(’ -\ uses tiata or muos_ lels to predict receux s _ i
dese m si t i za t toui  ai ms _ I receiver cross mniodulati oti.

Tine progratmn —supp his_’d mos_ lel of ambient a l—se a mnoise power in a 3— k Iii bammdwid thu . mx

a f’umnct ion of t ’res_~s_ uen nc y is s h mowm iii figs_ ire 2 —3. ‘[lie model is bases_ I omi ( ‘(‘ I R report 121 lot
average mno ise power available over sea s_ s_ a ter fro m a simort s_ ’er l ical an temiuna .m h a ranmdo umn I l imit ’
ami d at a rauns_ lomi i os _ ca in  loca t uo nm . If actual data of ins_ usc level at (I- ic t ’req u ieums _’ ies of ’ innte rest
arc ava ilable , t i- icy can be uuses_ I in time uuser— s umpp hi ed basic mmmdcl.

Ms_ ’ asuu res _ i t lata of receiver unoise Iex t ’ l a t’e umses _ i Si M( .-\ s _ Is _ it’ s mm ot conms is_ Ier t int ’
rece iver noise level as a rauns _ bonin variable, nor ix receiver II- uioise h:umn dwjs _ I Il- i I re ahs _ ’s_I .15 .1

ran domni sarmable ,

L ‘-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘-~~~~~~~~- - . ‘ ~~~~~~~~~~~~~~~~~~~~
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2.6 I N T E R F E R E N C E  i ’HR L SII OL I )  C RI T E R I  A

Sit- ice SI \i(’ N h a s  time option of im s iu ng ( 1.1 1 ,~ , u n m s _ I ( ‘t  L1,4 progranmns ui n s _ I ep em n s _ is _’iiiI~
art s_i tine option of s_ s_ incl iner det ector  prs _ s s_ ’ess i ing xx ill be don- ic . t ine lu i te r fe m -ent’e t h ur esl ns _) ls _ l  s _ i l

ter ia ane set at time fo liow iin~i t h ree ls _) c ’ .m tioui s s _ s f  tIme re c e ux lilC 55 s t ei n - i :  imnpul to time rI .m m inp h i) u s _ u

output of ’ tine last IF’ . anti output of tint ’ s_ i e tec ts _ ’sr , I’ irst . the c r m ls _’ruoin at t int’ h ips _ i ) Is _ i  the m l
.m m imp li f ier is I~ s_ i 13 ht’ I s _ xx rec e ivem m um mx e , I is _ i x x  s _ s  s _ n . hilt ’ vals _ m e s _ s f  s_ l i3 belosv rs_ ’cs_’mve r t i s _ S i s t ’ s _ a i m  be
t’Imainged if time 115c r s_ Iesires to s_ ’ im .m ngs _ ’ i t ,  I lit’ rI spe cl r umnn m prs_ ’st ’ m ml .11 t he ri ’ s _ s _ I S  s _ F  il I’rs _ s nn t  s _ h i s _ i
is pos_ver cu i l l es _ I s _ s _ i l l - i  respect I s _ i  t h is s_ ’ rm l erm ss n m . Ss_ ’ s_ ’ s _ i i l s _ l . . mt t ime II u iu i tp u mt .  t ime i’s_ ’s i u h t a mi t  siguia l
t’otu hii - iat iomms , s_v lmi ch i are at levels g reats _’r t l na um .1 s _ i  i t s _ ’ r uom m re la ted to xs_ ’ i i su l i x  Is , ‘ .mt ’e ; s rnu m tes _ I
ti nt xs ’ithi t ime fres _ l u i t’ m nc y a n n s _ I tine sou r s _ t x  s _ i f  t int ’ mr ml t ’ r f e r e nn s _ ’ t’s. \ t  I s i s _ s t i l l ,  t Ime s_ ’ ’ s _ , I s _  I s_ ’ ru t s ’ r ionn
is ur- iknow mn . l int - s_ I , at t ime s.nu i l p ui t  of t ime s. ie l ec t t i r . . ui ’ l is _ ’s _ u I ’ . m l io m n mis _ h is _ e s  I NI ( s _ s f  ( 1 , 7 ,on s _ l I I

are t ime i in te mI ’e reu ce s_ ’ i u l e i l ; l .  I Inc SI\ i( s _ i e t e s _ I s _ i r  i i i l t p u u lx  t h at n’t’sui lt u n  NI m ns _ innn i s s _’ r s  s _ i f  0, ’ s _ s _ i

j hs_ ix’ t’ art’ c I isx i l i c s _ i  ax , mt ’ct ’ pt.u hls_ ’ I s _ i n  s om cc t’ s _ i l n i r m m u l u n u s _ ’ , l tno m m 55 stems , \~ h i s _’n t ilt ’ ‘ x l  mu i m i im h s t’ m is

degr ’ .is_ let l to behox s I) 7 ‘ .imn s_ I . i l s s _ s x t’ (1 ,4 . t Ime s _ s _ O s _ s .’ s_ ’ s _ s m u m nm u m nucat i o n ~_s s tem mx t ’I.ix”.it ’i- .’s_ I ms In Ii

gin:m I. %V ime mn time \I ui um mn m l’ uer is f ’uu r I h ms _ ’r s _ lc~ n .s _ s _ !es _I I s _ u  I~e hs xx ’ 11 - 4 , i t  us s_ - i , s s s l f l t ’ s _ l lx i imn. is _ ’ s_ ’ s_ ’pt , i I~hs _ ’
1mm t ime s_ ’ j x s _ ’ s _ i f ’ dat a res_ ’ ept l s _) mi s uuc h .15 te ic ls  pt’s _ s r u t t ’i ) I I \ I s~s _ x t s _’mmn s , . m 111 R s _ i f  .5 lW ’ is
esf ~m hi hshu s_ ’ s _ l as Iht ’ dix Riling point l i c k s _ s _ s _ n  ‘ .m s _’ s_ ’s_’pf.ih hs _ ’ a i ms _ I ul ni , us _ ’ s_ ’ s_ ’ is l , i)i it ’ I Ins il i 11 s_ i us _ - m i t s u i
is bases_ h on a nn app i s _ ss i m n ia te  ~~ s_ Iu .~r m s _ i s _’ m s_ ’ r r s _ i n  r i t e  f u s r ss m n s _ i m r s _ r m n s _ s m i s  . um ns _ I mnm s _ ls . ’ peiu s_ Iem nt s h , m n i

51015 I I V ss s lems ,
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2,7 ATTENUATION MODELING AND A N T E N N A  COUPLING

The SEMCA V progranm cons iders ti-ic selectivity and ti- ic iuiscrtion loss of filter devices .
Filter devices of rf systems include filter , tumier , coup ler . anid mult icouipler .1  user may s_ use
e ither the program-sitppiied f i l ter m odels or tabular data. ‘l’he filter models are trami st ’cr I’s_ mn’m c-
lions whic in calculate filter gain as a fu nction of frequency. ‘I’hus, we obtain the select iv i ty
c inaracter istic and ti- ic insertion- i loss ,

The program also considers mismatch loss. Tine progrann-supphied transt u itter and
receiver impedance model is 50 oinn’ms !‘or all I’requmenc ies. However , a s_ user m a y  s_ use his own
i— measure d it’inpedan’ice va lues. Transuiiission hit- ic loss cain be calculated if ti - ic type and Iem mgt ln
of ’ the trarm smissiom i h u e  are giveu . However . SIiM(’A does h o t  conisider ti-ic e f f e c t s  of cable
hcnngth om the trans m itter intcrinmod uhation and transmitter broadband noise power levels . An
exper imenit dot-ic by NEL(’ showed th at the eff ’ects are s ignit’ieant.

SEM(’A has t u e  t’ollowing three antenna coupling nniodehs w inich are rises _ I to calculate
t Ine space portion of couphimig:

Initraship lt ’—mi i f’— hf coupling model - Tine nnodc l is obtain ied as ti- ic best f ’it ts _ nuamm ~ dat a
points taken by miieasur ing cos _ mp iiing bctwee u antennas oui a scales _ I ship model, ‘[his ix t ime
mina ximumn coup himng between antennas as.sumimig conjugate impedanice ruatt ’imes .

Imitraship vh n f— s _ mI mf couip hin~ model. Friis relat ions imip f ’or t’rec—space s_’oup limig is list’s_ I,
coupling 37 — 20 log (I) F) dB . w here 1) is antem ’inia spacing inn f ’cet * am -id F is f ’req tm c mm s _ -y iii

MI I z.

Intershi p coupling models. Two intership co u pling models are employed. Imi t l ms _ ’ f i t ’
queney range below I 50 M h z , a groundwave model based on - i ti - ic res s _ u l ls by K \ or ts _ ,sm m oI
National Bureaum of Stat - is_ lards is used. For frequencies above I So Mi l/ , a gros _ i ns _ lw ’ .ms _ e mnm o s _ ls _’l
based on ress_ti ts by LV Blake of ’ Naval Research Laboratory is s_ used.

‘Finese models are used to calculate ti- ic space portion of coump ling, l’ Inc ir ap~
s_ IucaI is _ sin

is indicated in ti~ uire 2—4. In ads_ Iitio n , t he Scattering antI Prop;mgat iom Siunmu la ls _ i r mm m od s _’l
SCAPS ) is emuployed to determiiine If and ninf power tr auisf ’ers u n  a c is_ ise l y cs _ s uup lctf aimlen na

networ k. A scattering matrix approac im provides a mrieti ios_ I for cal e s_ uhat ing ti - ic ps _ i s _ s _ cr trans
t’ers by including all network initeractions and itupedaiice nn~x si n , it t ’ ine s I Imese tn le r .uc l loins
lead to multip le coupling pal m s in- i ti-ic uiiult iport am nte m n m na une lwork -

Tine shortco m ing of ’ t ime SI M( ‘A aunte m m u na coupling mn ods_’I is (hat it s_foes not t’s_ nn i sld s_’r

t ine cf f ’ccts of a structure whic h is located bet s_ veeun a mn teum m na x , I h i s  cast ’ us stum d m es _ I s_ im ns _ l er t h e
t’irsl te ci nm ical task s_ if t l is project the s_ ie s ’e lop m mmt’ u m I s _ s f  amilt ’umn .i ~mno s_ is_’lui ng fs _’s_ ’ Imnm iqs _ mt ’s bcls ,s s _ s
ui-if.

* I II = ippn ssx 0.3 iii
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s b u s  I l~ F5s si n s _ s_ i

‘ s _ hs _ 1 s _ s_’yss_ isdsil v s _ s _ s s l s _ s _ ’s_ i s ’ l . s _ n~o s _ s _ s ’ s _ s _ p  —6 sI B
__________________ I’ s_ I , s _ s  Fres ’ .i~s _ as _ ’u’

Op u s_o n no chanq e nhe 

rela ts _ o n ss _ ss_ t , 

b s _ l B

c oupling by ~s_ s pocs_ Ised ‘~
‘ 

I < 31
number s_s _ I  ihe s tand ’ .s r(I TX
devia l ion a s_ s o d d e d
ws _ i h  ihe c o up ls_ s ig [ . ‘ s dB 

N

F igure 2-4 , Space purl iou s _ i t ’ comip linig.

li’( PRINTOUTS

Sl.NI(’ ,N c s _ i m n s l s t s  s_ )f (
~~’L L,3 .  O ’

~~ l 1,4 , FRH)t’i’\o ’Y 5 1 1  1 ( 1  It iN , am ns _ l ( t )~ ’ h~ii  R
A I N counm pu ter progr am nns I’ ac ln progra mnn ima s x ’arious os _ u I ~stm Is .

‘ i’Inc 0 ’t~1. [ . 3  programnn g i s t ’ s tine fo l l os_ vinig pr imn t s _ i u i l s ,

‘I’ransmu i t te r  suiunmnnn an’ prmni t o umt s_v lni t’ ln gust ’s t r am nsmnni t te r  spt’s_ - t ru im n - i  au m s _I sps_’ s_ ’ I ru ui n n .it

a inteunna in s_ IB i

I ra u msu nni I Icr im nts _’ rm n- ios _Iiii.il us _ iii pr im I s_ s n

Receiver nm nfer fe r t ’mnc e pr lm u l s _ s s _ i t

l ine pr im - i ts _ s i l t s  s_ if ’ (1 ‘I_ I 4 ,ire l i s t s _ s _ I  l’is_ ’ h~ s_s

Printout s _ s t  s_ l e xmrs _’s_ i si gnal I ns _ us e  .u mms _ l m u i t t ’ m ’f s _ i s _ u s _ i’ j ’ s _ s _ s _s _ s _’ i sul lmnln:mrv at x , m i i s _ s i i s  l s _ ’ s _ s _ i s e i
sl, ig s_’x m u c lu is _ hm in g nm im ’ s _ c m sl ,is ! s_,’s au - is _I II x I . Igs _’x

i ) s _ ’ t e c t o r  s i t s s_ ’ u . m t i o l n  p t ’ u i n t s _ s u l l ,  s v iu i s _ - i m g i s _ s _’ s a r t u c lu h .m l i s _ s i n  mi s _ hex s _ s _ I  Rh I~ I s _s m e .us _ ’il inu l s _ ’ r f e n
t’m mce i l l s _ f  t h i t ’ d c t e s _ I s _ i n  n i mpu i l  SN R nm ma r g i i m I s _ n  as_ ’ s_ ’ s_ ’ I s t . m t ’ h s _ ’ ~ s_ ’i I s _ s r i nnamm s _ ’e lilt’ m’ s_ ’cs _ ’ t xs _ ’r mx gn us _ I t ’ s _ I
is . ict t ’ptab lc. 111 ,11  PI n l ’ . m l , s i t ’  umnm ’ .m s _’s_ ’ s_ ’ pta hs lt ’ act ’s _ mrs _h u g  I s _ i  thus. ’ NI s _ s _ i  h~I- i~. “Su It’ Ih m .u t  tilt’ I ns_ ’ s_ h i l s _ ’ n l s _

s_ f s_ ’ .i cii m n i l t ’ r t er cnt ’ s_’ u m m t i s _ t lie tine xa m mm s _’ ,m x flit’ i s _ l u l l  i s _ s _ s _ I S  s _ i  h u m s ’s _ i I ms _ ’ s h m ) s _ ’ nm cs



Tine minajor mioise , w hich ix the most important noise among tine a rn mb ient noise, tim e
rece iver noise . an-id the transmitter broadband u oise 1

Performance t lcgradat ions dume to cross nmodu latioun and receiver s_ lenseuisiti , . it i ou m

The printotmt of time FRLQUEN(’Y SFLI’,c l ION prograunm gives t i- ic ass ignunnenu of
transm itter and receiver frcs_ iucuicics im any l)amnd I’roru m If to um hf ’. Fimially. ( ‘OEJ PI_ F R \1 -‘xl N
program produces coupler rejection - i characteristics , a Sm it h elmar l of auntenna im pedance data.
and transmitter or receiver impedance data.

___________________________________ . ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~



3.0 INTERFERENCE PRE1)1CTION MODEL lP~ I)

3 ,1 GENERAL i)ESCRIPTION

I PM s _v ax s_ Icvci op es_ I by Lit toum S y s t e m n i s  Incorporated for tine purps_) se of s_ Iesignn inng t ine
1)1) ‘bi3 s_’hass slnip for electromagnetic compa libil itv mm - i I Q ’  I . S itunu lat ion of ’ t Ins.’ t o px i s_ Is _’ s_’ i s _ ’ t ’ —

tro mnagnet ~t’ en - ivironunneunt amms _ l tine var ious e i cc t r o m m mt ’ ‘u s_ i  bx vxl  emnms b~ tIme I PM xx as uses_I to
fac i l i ta te  iM( ’ ,in i :m lvxi ’s_ , ‘ i’imc gencn’a lity of ’ sinm u m la t ioun possibit ’ w it in tIns. ’ lh~Nl s_ s s i noxs _ ’ ui in- i f ig-
s_ ire 3 — I  - i3asicaiiv , 1PM simulates tIme e n niss io mn of a tr a unsum u it ter . p n o cs _ ’x x ex t i i s  e i in i s su onn
t lnrougin f mIter  t ies ices :muid t’s_ )ulp ling tIcs _ ices to a rcs_’c is_ ’cr . a mn d tlc t c r umnir nes s_ v l net l ner t inis re-
cs _’ivt ’r sv iIl be aI’f ’t’s_’fe d by t i-ic s_ ’mn i ission, In as_ Idit ion to flit ’ t rans n nni t ts _’s_ i sp c s_ ’ l rs _ in n of ’ fr :m nn sm nni l —
tt ’rs , u nnt er unmot l s_ i la t  ions s _ vhnmc ln iuicluide tra nis m nnit tt’r inter i iios_ hi.u I:it iou , ps _ uss x s_ ’ des _ i t’s.’ gs.’nier ats _’s_I
i mnl cr u- i - io s_ Is _ i l at i on, topsit le geuns.’ ratt ’s_ i i n tc ru ni os _ Is _ i ia t uou - i, a ns_i res _ ’e u s _ eu -  iu lcm’inios _ luui a l ionn a nt ’ m mdi ’
s _ . m l s .’ s_ l in- i t i - ic figure . \ Iso slnosvti arc this.’ s _ h if ’t ’t’ re int Ivpes of ’ outpu t i n f ’o l - n l na hiu mi p s _ s _ s _ s _ c r

dem is it v .  rf sats _ ir :m h i o nn , Ii po s _ xer . antI i m n l erf ’ercnn ces , Figs_ ire 3-2 i l l s _ is t ra tes  s ps_’ c l r s_ l i n i  t rea l unne nt :
inn partit ’s_ ilar. tiuc pros _ s_ s_ Is _ Ire for s_ I eter m nmi m nimmg in- i Ierf ’ere uicc power ,

‘l ine I PM program -in consists of si \ s_ l i s t  in mct xt’ s_ ’t ion -is as s inus _ s _ n m i  I’mgurs _’ ~— 3 s_ L i la h , ixs _ ’ ,

i~rob len - in s_ le l ’iuni t ion . i nimerf ’erence prs_ .’thct ioun . power su i m - ii m m n a r s . c lc c t roi im ;mgn ne l is _’ i’, us _ I i a I  ton i , a m ns _i
rs _ i sty bol t , . ;en s_ ’ r:mil ~ . tIns.’ f i r s t  two  se c t i om nx  must be ruin first . tlnen onne or inUre 01 the
rem n -ia iu ium ig si’s _ h i s _ s o s  s _ . I n i  he rui n-i .i~’~’or s_ 1ilig I~

A DDiTIONAL TRANSMITTERS OR
RECEIVERS IF COUPLER IS USED

is _ i
iNTERMODULATIONS ( mM ) I

~~~~~~~~
MEER 

L_ _
~~~~~~~~~ I Lj DEV~~~~~~~~

1

~~~~~~~~ 
COUPLING

NONLIN EAR POWER DENSITY 

A s _ ) D I r o , N A I  I \ on FIX

IM Is_I

FILTER DEVICES f R E C E I V E R  _____ H I C FIV F R  

~~ 

1

RX s A T u RA T I O N  .4~..J IF I’liW l H I N TE R I  E l IE Ns_ I 4

I ~ l l i s _ ’ 3 — I ,  i tt sus _ i j , m l  I1s _ u s _ s _’ s _ s _ i i l i ims  ilm s_ ’ hi’’s _ I ,



- ~~~~~ -~-‘-.-— • 

~~~~~~~~~~~~~~~~~~~~~~~~ 
“

~~~~ T ~~~~~~~~~

‘-“

~
“ ‘ “  

~~ 
“ 

~~‘ ‘ ‘

~~~~
‘

~~~~~~ 

“ ‘ ‘  “

~ ‘I

8

2I
~

J
Ir\

\%
~
J
TRANSMITTER SPECTRUM

_ 5 1
6

COMPOSITE REJECTION FROM FILTERS AND ANTENNA LOSS
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n2

RECEIVER SELECTIVITY AND R E C E I V E D  SPECTRUM

NOTES:
1 , CENTER EMISSION AND SIDEBAND SPLATTER DEF INED BY 21 POINTS.
2. SK IRTS  DETERMINED BY TRANSMITTER NOISE , E X T R A P O L A T E D

EXPONENTIALLY FROM LAST ‘flN O SPECIFIED POINTS.
3. SPURIOUS EMISSIONS ,
4 . I N T E R M O D U L A T I O N S  ( IM ).

5. SKIRTS OF INDIV IDUAL DEVICES REJECT ION s_’ X I F I APOLA TE D AT
CONSTANT LEVEL FROM LAST POINT.

6. IM ADDED BY FI l TER D E V I C E S , E X T E R N A L  NONL INEAR ELEMENTS . OR R E C E I V E R
7 S K I R T S  E X T R A P O L A T E D  E X P O N E N T I A L L Y  FROM LAST TWO POINTS .

8, INTEGRATED SHADED A R E A  EQUALS L E V E L  OF FUNDAMENTAL INTERFERENCE
TO FUNDAMENTAL RESPONSE.

9, IM INTERFERENCE TO FUNDAMENTAL RESPONSE.
10, SPURIOUS I N T E R F E R E N C E  TO SPURIOUS RESPONSE.
11 . IM INTERFERENCE TO FUNDAM I’ NTAL RESPONSE ( E X C E E D S  OUT~O F-B AND HE Ii u ’ T I O N I
12, HARMONIC INTERFERENCE TO F IJNDAMEN TA I , RESPONSE .

i’ tg s_ ire 3 - 2 . ll’\i spt’s _ t rh u iu i  t u s _’ :ml n l ns _’u n l . 
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PREDICTION E V A L U A T O J N

INPUT 
______

f POWER ~~~~~~~~~~SUMMA R Y

__fl
~~~~~~~~~~~ l S UM M A R ~~~~~~~

FELECTROMA G~~
’
~~ I FIELD ST Il l  Nt I ’  1

RADIATION 

J 
~~~~~~~ ESTl MA ~~~~’~~~~~A T s _  I)

Pn[ 
RUSTY BO~~~~~~ ~~~~~~~~~~~~~ ECIS

Figure ,i.3, 1PM sof ’Iware se ct us _ s _ i ts ,

T ic  s _ L u I. t  base co f l t au un s  p e r t i n e tn t  u n u f o r m n i a t i o u m  ab os _ i l  f l ns _’ s_ ’ s _ i i l num m ui n i t - , mhi oI n— c ies _ ’I i s _ i n s _ s

s s _ i i t c  on -i bs_ iard tint ’ 1)1) %3 s lnnp. It a s _ i s  as a pool unto w i n is _’ln all ot iner 1PM x s _ ’ s_ h ls i i i x  s_ i l l  s_ lip s _ n
iu i f ’o rn in a t i s _ i m~ .i mi s _ I un solvinig t h eir desigunateth probk’ nnx .

t int ’ pr o bi e n n~ s _ ie t ’ i u n i f i oni sc s _ ’ I mo m n  s_ i t ’ I im n es t ime e l e c l r t i i n i a gnms_ ’ t i s _’ s _ I n s i I s _ s _ i i i t i s _’ m n i  s _ s ins _ h i  is
s_ icscri bcs_ l )ss_ I’s _ n s _ i r  i i n f s _ s rn nn , i t i on i  s_ ’a lt ’gtsrut ’s t’s _ l s _ u lp l l ueu i t , i’us igin s _ ’ s_ l l rs _ ’ s_ l lut ’ i l s _ ’ l s _ ’ x , s_’u h u m u p i n i s _ ’ ns t  s _ s _ s u n —
nnes.’t mv it~’ , a i ms _ I aim Ie n m na los _ at  ionm s .

I lie u n n l s _ ’ r l e r c m n s _ ’e put ’ s _ u s _ h orn x e s _ ’ t u o I m  lx  ruin w l m s.’ i m l i l t ’ s _ l s er s _ i s _ x i s _ s  s _ s t t t p l u I  t le’s_ s _ ’ r u I s Iu n g
t r a u n x u n u t t c r — m s _ ’s_ ’ c i s _ s _’r connn biu - iat ions nnnost l iLclv to caust ’ i l n ler f e n’ t’ uis _ ’ s_ ’

l ime pu ,isx ’ t’r x i m n l n u in a r v xt ’ c tmo m n is rs_ i nn x v l n cin ou tps _ ul is s _ I t’ s l rs_ ’ s_ i s _ s _ i s _ I s _I-i ils_ ’ ’us _ ’ l Il~s.’ s i~~~~ s.’i
pr esci n t in - i s.’ as _’h r es_ ’ei s_’er Is~’ f rs_’s_ l s _ i s _’ I ns _ ’y ba nns _ I, s unn in nn s.’ sj  c i t h ne r  ,it t i n t ’ r es. ’ci s i i l g  , m n n l s . ’ i n i n , u ,  .i t th is ’
ree d s _ er  i i n f su u l . a t ’ t t ’r icct ’ I s _ s _’i rI I i l t e r umm g.  or af ’icr m e t e s _ s _ e r  II f i l te r in g ,

‘i’hc e i c c l r i s _ r u . u g l i s _’ I i s _ ’ rath uat i oni set’Iuoun is rs _ i n xv l m e nm o l l t p s _ i t  is s_ ic ’s _ l i e s _ h  s_ s Ins_ ’ lm s_ 1 s_ ’ s s_ n i b s _ s
l is _ Is _ s er  s_ i enns i ls _ in s _ f Rio per ss. tum imr c r u nctrs _’ Ion’ s_’at ’ lu ru’ s.’xc r ibe d tr e s_ i uut ’ m n s _ \  un n t e rx , s _ l  s _ mt  s_ u (‘ . t i ~~l
I t t ’ a t i o i n ,  ‘ I l nm x in lo r i i u .m l io i n  is s_ i I i I , mni t’s _ i by suumnmin m iiiui ( i s _’ ls _ is s _ s _ f ’ a ll t r , mm n s l nn uh t s _ ’ i~ xf l t’s_ ’ il it ’s_ I m i  t h i s . ’
p~si1il t ’mn i s_ let ’mni t i t u s _ u  st’ s _ I  iou

l ime rs _ i~h~ boll st ’ s_ I i s _ i l l  us u’s _ inn s _ s _ in s _ ni time Ims s.’r s_ I s _’I liii’s a m u s t s  bs _ i l t  ~~~ s is_ ’ .mI s _ s _ s i m s _ f  i h i s u m i  u s _ i l

1 1 1 1 5 ( 1 1  cs _ ii ’ s _ Is . Ss_ it- ii s_i  pll y x i s _ s _ i T  coim dil i o n ’ m s_ ’ o n i . m l i n s  lint ’ u ’s _ ix I~ hi s _ i l i  i m u l l i n b em ’ , t i l t ’ i t s _ s _ I l l s _ u i  s _ i l  liii’
r iuxI ~ btsit~ .u ins _ l t h e  t i murs _ l , f i l t h . ‘s_ i’ s _ t u t u . , I n l s_h  um i i mhl i  m m n l t ’ r u i n i s i l i i ! , u l i s _ i m m  t ’ s_ s s.’ f ’ f ’ it ’ l s _ ’ i l i x  I III Issis il~
I r s _ s i m m f Ins. ’ ru ix lv  bui lt s _ s _ s _ o s _ h I l l s _ n i  arc ~ l s _ s _ s _’ s_ ’ ”’ut’ s_ i I l l s _ i  s _ s _ s _ i i i p , i i s _’ s _ i I s _ u  i s _ u  ‘ i s _ s _ i s_ - l i , m r . m cht ’ r is uis _ s i s _ u

s_ lc tcr n n inc xx inct int ’r a nn u n t i l  Is _ - i s _ u s _ c  s_,’ s_ ii s_ I I I l ss Im u.’ \ l s i s

- ‘ ‘ 
, i.nL .1 IF
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3.2 MOI)ELIING I ’H I LOSO P UY

The I PM uses a dc te rumn i m m us tms _ ’ approach inn s y s te m mos_ Ici ing. N s _ i s v s te m ni  par ; m u mms. ’ Ic r Is

c o uns is _ lcres_ I as a man s_ h orn s_- aria bic.
In tine 1PM program . a receiver mx nnodclcd by rf s e lec l i x  tv  data , a receiver s_ ss ’ cra ll

se lect iv i ty bas es_ i oin botin tIne rf and IF s e ls _’ c t is  iI~ data , rec c us er ‘ u s _ i l ’s _ l i  is  i t s _  , receiver  innieruni o d-

uu la t iOu s_ J a ta.  ret ’s_’i’u er spUI’iO s_ is respoinse s_ lat .m . a m nd ret ’e i s _ s_ ’r iim mpedauus _ ’e . R:m ’uucalk . this.’ I I’M
t reats  tine rece iver  as a l imicar des _- ice bs_ uismul g t ine receus er Os er ,uil select us tv - ‘ I ’ h us _’ I I’M l’ rs_ s-
graunm in-i its present I s_ nr n n s_ Ioes unot co m msidcr s_,’ E s_  Iss immos _ lulat iou- i ’ a lt l nos _ ighn oti mer nion ll inns _ ar
aspects of ti - ic m’ e c eus _  s_ ’r such n as receive r  if sat s_ Ira tuomi , receiver iii tcrun iods _ ula i  is _ u i. am id rs_ ’ce s _ s  s_ ’r
spulrlous response are ct inns ude rc s_ I .

3,3 FLEXIBILITY

l I nt’ 1PM progi-ann cann be uiscs_ l to es , u l s _ s _ a t c  imitras lnip au - is _ h interx inip lM( ’ p rs _u b h s _’ ns _ s
I ’ s _ s r  cac in es ’a iuat iom i unnos _ le , 1PM In ,ms Ic ss _ i r  c .u l ) a i s _ l I i t \  opt iom is as si ns_j . s _ i in f i gs _ i re  3—3 . I iit ’xe u n ’
innter leren cc esa l u a t i s _ i m i , rcce is _ ’e s _ l ps _ i s _ s _ er suim n lm n n , u n ’\ , f ’it’ls_ i strength s.’st i im nat io mn , . mmns _ I rus l\ b si t
s _ I  t c c h x , N uiser cai n ruinn s _ s u i t ’ or m ore of th m esc oplionis i ns_ lt’ps.’ ns _ lci it ly,

‘l ine I I’M p rs_ ig ram nn also g us _ i’ s time ophio mi f ’s _ sr t ine l l xs_ ’r to pro s_ is_ l i’ h i s  os _ vim a t i t s _ ’ l nuu a s_ ’o s_ l I s _ ’
lu ng s_ lat a i nsts.’as.i s _ i f  uis in ug t ime prog rail i—sump p lue s_ h anile il i na co upl m ing m is_add s .

3.4 ~~~~~ it~~Si-

I h us . ’ s_ l , i t .u Ii, (x s _ ’ t’ s _ i m m t : m i u n s  all cs_ )mmnn u imm ica tio n— el ectm ’omnics suites oum Iioai’ s_ i line ( If )  ~I(i $ ship
I he s_ ’ s _ I uu pmn m s _’u nl s_ ’ lmar a s _ ’lt ’ni s l i s _ s  s _ l a t ; u for  ulse u n  tIne 1PM a u’c obtaiu es_ i f romnn tIne Is _ i l l s _ i s _ s .  u iu g
sources :

\ s _ su ui inial s_ ’ i n , mrs _ ic lc r is t i c s g isc mm in- i tec inunical min a ui u m ais s_ sr i- i ia tn t em nan t’e panmp ln let s

Sps_ ’ s_ ’ h l s _ ’ . l I i s _ su) data gms’ t’ i m in- i t he l.mt ts _ in , ( s_ . l i i m nx . s _ ir s _i l l- ic r s_ ie s igun s ps_’s_ ’ u I ’ica tuon s

Sps_ - s_ ’ t r s_ ui i  sug i n . mts _ l r t’ t ia ta

S’5 ’ ll l l ics is t n’ s _ nh is s _ m r l i .mI  s_ n ’ cs _ s mnpar ab lt’ s _ l , mI , u  m u I lnu’ s_ n ig ln uu se s _ s _ I  Im n o s _ I s _ i l , m l i s _ i ml  ‘I’~ 
s _ i l

alg s _ s rm f i m mi m s

m i  j u n s_ - I s _ s _ i  l ie  lbs.’ in ps _ i t  s _ i , i t . i , tIns. ’ t n ’ e s _ j s _ ie un s _’~ sc i u . i u ’ a I l s ,u t l s  t i c .  ..~f ’’u , ixss _ s s_ ’ ia lt ’ s_ l sx’ ut h u s _ in n s—
xis _ ui - i s p s _ ’ s_ t rs _ i i i l  It ’

~ s _ i s _ s _ i  m’ s_ ’s ps sun s s _’ , lInI e m’ i nn o s _ Is _ u l .mt  ms _ i l l  s _ f a l l , i t s _ h  n m n s _ us t  be mum , s I s _ xs _ i l t i t s .’ u in i u t s  s _s_ I

l rs _ ’s_ Iiis.’ u m s _ s  : I s _ u i  t’ \ . m l i u fs lt ’ . Nil I,. I i is _ ’y s_ - . m nn u no l bs_ ’ c m m ts _’ rs.’ s_ l .mx a pc rcs _ ’ iml s _ sI ts _ i n s.’s_ h s _ s i base Ire-
s_ l l us _ ’ n l s _~ 

( s _ su u i p s _ i l i nn g  I l l s _ s c  ..~f ‘u sounne tlmnt ’s het-om iu t ’s bs _ mrs _lc mms om uc to h i s . ’ 115c m
lilt’ Ira m s l u i u t t s _ ’r e rm i i xx i s _ s _ i n  ‘ u jucs _ I r n um u . i n n s _ h i s _ thing mnis _ i s _ iu i l a t i s _ i m - i  spt’ s_ ’ tm ’ a . lx ~s_ h i e s _ s _ I i i’ s _ f mum

f e ru n s  s _ I  s _ i l )  ms _ - I . t u s _ s _’ I s _ i  t l s _’ s_ O i l s _ i I nn lIne h f  reguo m n i’ : i l ngm i ng f ronum 2 to 3 ))  NIh ,, at  u l ns _ s s l  m im u n s. ’
base l res _ j u l e m ms _’mc s s_’ . u i u I~s_ ’ list ’ s_ I ~nn t Int ’ s_ Lila bass.’ , it s _ s c l I c s _ I l i c I l i  us i i s s_ ’ s_ l I s _ s  m nm d us.’ . ut s _ ’ t lmc h i l l - i t ’ s_I

fr t’s_ ; umc uis _’~ it s_’. I u u s _  Ii . m m n s.’s~l u i pI l ls _ ’ut s_ ’~.l i m t i m t s  t i l t’ s_ I t a I , I s _ ’ t s _ ’ n l s ( l s _ ’ x us _.’ l s _ ’ r t s .’ s_ l I s _ u  I f  .m t I u n u x l i m m l l s . ’ r is

t l i i is_’s_ l I s _ s  s_ i  I u s _ ’ u I l i s .’ I I s _ ’s  s _ F l i t s _ i l  I.u lls ~s _ I s _ s _s_ ’s_ ’O s sm’ s_ sI l l s_ k i t’ spt ’ c ihu i ’ s _ b i~ , iss_ ’ f m s _’ql l s_ ’ nns _  I s _ s . I l l s _ I n  Il ls.’
fo lls ixv m ims _ i  s_ .uss _ ’s .Ire s _ s  s _ i i s l s _ hs _- l c s _ h

• I Iii ’ )~ l s_ i’ m 1 1 1 1  l O l s _ ’ .Ii’IV i m l I s _ ’u Ps _i l , I ts _ ’s iu s_ ’ Is _~s_ ’s_.’ui t i l t ’ Is _ s.’ s_ s_ ’ l s _ s s t’st s. ui s_ u e ’. s _ s _ l~t , i im i s .’s_ f I n s _ s in
t h i s .’ ‘-(F ’ ’, it i t ’s_ i f s_ ,ist ’ ) u s _ ’ u i u m t ’ i l s _ ’ l s_ ’ s I s _ s i ’ t int ’ , is sig unn ul s_ ’ m m l s _ s t Ills.’ s_ ’ u n n l s s u s s m n  ‘uI~’’~ 
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• ‘[‘Inc tail of thme cum n is siom n sped ruin - in cs_ irs _ c is e \ t rap ol a t es _ l  pa s t tine last speci f ies _ i
poi mnt by assuimmn ing t inat tIne value of ’ the last spes.’ i f  med po imit rcmnna i mmx u i- is _- m anges _ I
in time cx ten - ides _ I region.

• Tine prograumn s _ i ’s_ cs t ime imeare st )u ,iss.’ I rcs. I s _ Iel is _’y to s_ m xx lgi n i iarmn ioin ii hi s _ is _ s _ s_ n l s _’5d Is

lb s _ s _ e s _ s _ c, if ’ arm i m n l erh ’e r i i m g tuau n s u m m i t t e r  s ignna l o ccs _ m rs at a ~~i aui s_I s_ ’ s_,ss _ s _ p l i rmg It’s_ el s _ t i t ’fe r ’
s_’ umt fr om n t ime x ,ils _ i es spes_’if ’ies _ I ium tine s_ h a t a base , no tram n s n nn i t ter  iu n te r m mi o s _ Is _ ul at io n ps_ )sv s_’r lese l s_ s II
be assigmnem .l. Suimnula r i~ - m o  u’cs.’ s_’ is_ ’ cr ii i ter nmiodu lat iom- i level s _ s _ i l l  be a ’ u ’ u u g t ns _’ s_ i if it us s _ i i I f s _’i’t’ m t l
fro m n t lnose stored iii t is_ c data base -

‘l’Imc prograimn supp ii s _’s a limited m ns _ i m nn b c r s _ ut algorit h ms to  calt ’ s _ i late time I res _ l u uen s _ s _’ le ’ u s _ if

s p s _ mr is. su s eu l mi ssi o u ux aind spuris _ nus respounses of ’ the cs _ l u lip unmenn ls s_ is s _’s_ i iii t he 1)1) “)( 3 is_ h ip, It tIns. ’
rcce ise r spuirious respoinses or t r a u is u i n i t te r  spuiriouls emiss ions s_ uf au- i cq s _ m upmm l em m t  s _ 1 s _ j  m m s _ s I  l i t  t ime
a lgo n’ it l m m nms t’ou’it:i iu - ic s _ h u n  t ime program , a Iii ’s_s a lgorut inni mimuist hue as _ Is _ l es _ I by time s _ user ,

3 ,5 NOISES ANI) IN’i’FRI’l’RENCES

;e ns_’ra iI~ xps _’ ;m~ ing. the 1PM prs_ ugra inn s_ foes mi s _ s t hma s ’ c m t n a t l m c nna l is _ ’a i nnns _ i s _ l s _’is I or I n s _ s I x e s

,i imt l i n mt e r f s . ’ n c m i s _ es . In ix teath . it s_ le pens _ Is on ti lt ’ tu xt ’r’ —suip p lied s _ fa ta  s _ s _ h i t s _ l i  an’ s.’ sb u s _ i im m liii’ s_ I , i t .m
hu ,i se I or I \1( s_ u ia I~ six .

t hus . ’ II5NI s_ ’l , usxu hu s _’ s rs. ’ce ivs_’r i t i tcr lcreu l s_ -es u nto t hnree s_ ’ .ih t ’g s_ ir l c s . h i ’  I u m t e i l e r t ’ ums _ ’e , if

‘s _ a tu i r , u ui s _ s i n , ami d res.’c is _ ’s.’r umn fe u ’n nos_ iu i h a l i o n m . I I is _ ’ss_ ’ im mhs. ’ r I s _ ’ rcmm t ’s.’s s _ n t ’ s_ ’ as _ is es _l Iu~ ti le s_ ’ l i l l” - ’, l s _ s _ hI
sps_.’s_ ’ t i’ .m s _ il tr am i snn it tt’rs s _ v i m m s _’in s _ s _ i n s I s t  s _ u t  h im r es _ ’ cs _ ium n p s _ su i eunhs:  lIne s_ ’arr it’m- a n- id , i 5 ’ u s _ s _ s _  l.lt t’tl inn s _ - i s _i s _ i—
I.it is _ umm s i s _ heb u a um s _ Is . s _ i s _ s -It ’ s_ e l insist ’ x is _ fcb amms _ is, aims _ f ‘ u ps _ in uos _ i s  a im s _ i i na rn n n t sin mc c h i n i s s l s _ u l l s  II st’s_ ills

f imat I ran s um n it ler b ro a s_ lfu a uns _ I nmoi ss.’ , I ramn s nmn i t te r  harm m ms _ sm mu t ’ s , l r a n u xunm t ten ’  ‘ u ps _ ur is _ us _ is  s_ ’ m nml s s l s _ s m hs ,
t rammsnnnu t tcr  u int t ’ rnm ns _ u s _ I u i i a t m s n m , j u .m ’ u s i s _ ’e  s.ls.’s_ ’ ics.’ gt’int’i’ales. l I u m t s _ ’m ’ unm o s _ I u l l , m I u s _ il lx , I s _ s _ s _ i s _ s _ i  sa I l i I , l i l s _ u i l ,

rece iver s pu i r is _) s _ i s  rs _ ’ s p u s _ l l x s _’s . . mi u s _ l rt’cs _ ’ l s c r  iu m l t ’ ru um o di u la t uoni  m a s s . ’ bs_ ’ s_’n mn m c l i ms _ i t ’s_ h in n ss _ i i mnt ’ s_ s_ .s _ s_ ’ li- i
line prs_ sgrani i.

Ref ’crr inng i s _ i  xs _ ’s.’ l ms _,)ul 1,2 . s _ x e s_ .ui i see t im. mt tIme 1PM s _ 1 s _ is_ ’s  not s_- s _ sm mx is _Ier , ui i n I u i s _ ’ t n l  i l s _~ lxs _ ’ ,

s bm ip bs_ sa rs_ I i m mani—um i as _ I s.’ noise, ret ’s _ I S  s _ I  s_ ’ ’ s_ s _ s ’ u  n m i o s _ h m u l a t i s s _ u i , amm d it ’ s _ i n s _ e l  h u m  i s _ s _ I s _ i

I i t t omi  s_ ’ la i i nms t l mat  I Iii’ im i m ; s _ . ls _ I is _ h um s _ sun l mim s _ ’ar ii’ ps_ ’ i us _ ’i .s _ t i s _ su n  s _ u t  s_ ’ u Ih lss i s _~lis Iu~ I s _ i ps l s _ h s _’ s t r s _ i s _’-
ture ts _ i nn t ’ t i s _ u uis s _ sr ruusI ~ h i s_ a i ls  imia v hue ,lx s s_ ’ sss_ ’ s_ l by s _ i smuug t Ime ru usI~ is _ s _ s It s s_ ’ s _ I i s _ u l i  s _ i t  liii ’ Ii~\ h 1 5 m s _ s _ ’
g r a m n n . I I s _ is _ x  i’ s _ t m .  t his _ j liss.’r iillisl pm s _ i s _ i s _ h i’ t Ime Is _ s ca l ms _,s nm s _ s t  t hm s _ ’ m u s t s  I s _ s _ s I t .  N lxi  t ins . ’ ~‘ s _ u s _’ f  I Is _ ’ i s_ .’ m m ts

f ’ s _ sr  m m n t s . ’ r m n m s _ sdul l a l l s _ smm s_ !s _ ’ i l s _ ’ r , s _ I i s _ s _ i l  ail s_ I s_ ’s _ s ui pIiing Is _n  a im s _ i  Im ’ s _ i nn i  lInt ’ ss _ s _ l s _ n s _ ’ s_ ’ u l m ui st  hs_ ’ Pm’ s _ is _ kit’ s_ I h~s_
t Ine l i xs _’i , I rs _ simm t lms _’ l i mp s _ il s _ f a t,m , a set of ’ IN m s _ s _ x i \  h is _ s i t  m n l e r u n i s _ , s _ h u l a l i s _ s u i  s.’ i l im ss is _ sn ms is s_ ’ us _ ’ , mt e s _ I
I ’s_ u i s _ a s _ l i  pair s _ i l  t r . t u mx i un u l t s _ ’rs , l int ’ i s _ s _ s I~ h i s _ i ll t’ i m n l ’ s _ x i s _ i l h x  .l rs_’ t ins _ni i’ s _ s lum p s _ u t ’s_ i s _ s i t u  u l ms _ ’ um s _ s l ss _’
thr cshm s _ nI s _ l s _ s f  t Im s _’ I s _ s _ s _ i s _ c m ’  I s _ u  s _ I s _’ hs.’i’ m m m mm n e ss’ I u et l mer i i l l e m ’ Ic rt ’ nns _ ’s.’ s _ i s _ s_ ’ l i r s , I his Is _ i ts _ it s.’ s _ u t l f i s _’ ~ i s _ s _

l i i i  is ml s_~ .~t ~l 5 l. i t s _ l t’ h s _ t’ s. .u s _ m xs _’ s _ u i  h i l t ’ I iu u j u i It I ia ’ s _ h i .  s_ u) xli ju i i ls_ I us’ this. ’ m ’ s_ ’sj u s _ l i t’s_ I h i s _ u I s _ I s _ I h ,u

.)o IN I I ’ R i ’ l R l  NI I IIIRI ’ShIOi I) I RI I I R I , \

i ’ s _ s r  eac h rcs_ ’ e i s _ s _’ n ill l i l t ’ 1 ) 1 ) s _ 1 i 3  s_ l.sss s h Ip, s _ s _ nu t’ e s i l l h l at i ’ s _ s _ f  I l ls.’ s _ I s _ S u ds _ I  sii,iil,il I s _ s _ s _ h
t’’..prs_ ’ ss s_ ’ m I mum u l i t n m muml i x t  Is_ s.’ s ) s _ s_~s_ f i t ’s_ h li ii I lls.’ lieu l s _ s _ m i m n , n i s _  s_ ’ .u n .m I~ xis I ll lilt’ p ms _ ’ x s_ ’ m m s _ ’e i s _ I i t i t s _ ’i
fs _’ r mm m i z slL!hi ,lIx , I l l s. ’ s _ , i l i i s _’s s _ s f  lilt’ s _ i s _ s I m s _ s _h ~iu ’ i i u I  s_ - s _ c l m m d  p l u s _ s _ I s _ i t’ s _ I I~s_ I I l s _ ’ lxi i u s _ i s _ s _ s _ s i T, f m l

Is mi s _ i t  sPt’t’l f it’d, lime p n s _ u e n u i u l  s _ s _ i l l  list ’ l s _ ’ s_ s _ i s _ s _ i  ss_.’ m u s u t m s _ i t s _  s_ is I l ls.’ s_ i s _ s l u t ’s_ i s lgl u , s l  It ’ s _ s _ b  l i l t ’ l i s s _ ’l

imia ,’ s_ pt’s _ l I  5 lm m s _ s rs .’ 111.1m m s _ s _ n i- ~hs _ ’ s uus _’s _ l s l s _ ’ i l, iI  I s _ ’ s _ s _s_’l



I PM gu ys_ - s t h ree im terf ’ereinee is_ Ieui t i f icat io im ta bles II iu- i terf ’erencc. if saturat ion, aunt!
l’s_’ddl s_ er innt e rms _ u s_ I u lat i t smn. l ime thres inoiti s.’r itcru a for these t l mr c c t~ pt’s of iunterf ’crcunecs are dis-
es_ is setl bcitsw ,

Inn dcts.’ rnuninm i mmg t ine c s _. i s t em m s _ e o f I i -  imi ter ferences . a s igmia l—to — iunte r f ’cremn cc I S I )  h u n ’ s —
m old sh ould be spcs.’i l ies _ i . ‘N s_- s _ ill nmn a tri x scm’s s_’ ’u as t he mnec inanisun svlnerchv tint ’ t l nre sl mo is_ i S I
for s _ a t - in re ceiver- ints.’ rferer pain us mips _ i t  to time prograun for use in-i st ori ung tine s_ Iegre c of iunter-
f ’erence , I as _ lu ros_ s_ ’ of tine cult muatr ix s.’ s_ urrs.’sponnds to a un - is_ h ue co urub ir iat ion n of transr unit ler
parauincters 1 mm oi u n c nm s _’ f a t s _ u re , power os_ i l put t , aum s _I uirnduilation I. s_ s_ b i le each t’o lu im mm reprs.’ss.’ l m ts a
speci fic rt’s_’e iser  m omnm eu ic latuirc am - id motis _ ilat iomi type. The t’ umt n ies in n lInt’ unmatr is s _ i l l s  art ’ t l l s .’
res_ itmire d S I Ion’ t h e  ind ic a tes _ I rccc iver — immter l ereuns. ’e Pair ‘l ime values s_ il’ S I wer e based s_ ipo ii
sts _ i s _iis _’s ps _ m bl ms lns.’d by I ( .‘\ (  

‘
, I hicxe s nInes rt- presc m mt t ime S I at tIme Input to tIne rs.’s.’e iver ss.’c uu ns _I

s_ Ieteetor res. Iuires_ I Is.) . i chnue v s _ ’ accepta ble i n u ft n r u ina h iotm t~ua liIy u n  t h e  preseunce s _ sf t ime part icular
i umterf ’erimig mot lui iahu s _ i i n  I s _ pc  spectf ’ued . I Inc t’ rmter ia for act -cpt a b le iunfor nmahi o u - i  quality art’
ta keun to be a ~~

) artuc uilatio n score for \\ I  a u d  I’M s_s_ Oid s_’ trau is mnn ission I ,N$ - ,‘\3  ‘\ - . i um s _ I i 3
mn ios_ Iul at ion ) .  ~~ pu i I u : i l i i hulv of error for \\I ps_ lI st’ I N  I , \2) au nd 1 5 K  ( I l l  t li g ul a i x , s f d s _ l l s ,

s_ i ri s_ f S( l ’ ,( eo n ’ s _ s _ h  pcniormmiau ice for ps_ i ke annm p lttude s_ u s_h ps _ u sc ps _ ss i t io m n u niods _ u t .u t is _ uun I l’~ I s\ sit ’s _ nix
511t h as I I I ’  anti I .-‘s_ ( ‘ ‘s _ N , St’s s _ r i h  s_ I ef ’is .us.’ncies s _ N i x !  inn t i is.’ lust ’ of sti s.’hm gs.’nmera luied pe rf s _ s r l mm-
a m mce s.’ r mt c ru a .  I Imerefo re , iuistead of s_ usIng tine S I t lnrcs lnold t- nut s .’ ru ,i , aIm a lhi ’ rm s. mt is _  s_ ’ pert i i r i l l -

a ims _ c c rmts _’ nls _ s u m is s_ Icse lopt ’tI w inis _’h is s_ i isc u is ss _’s_ h below ,
‘ l ’ Im s.’ ai l s_’ r in , u h i s _ e  pc r l t s num ma m mce c r i termoun s_ s bases_ I on- i l t s t a l  mim l er t s .’rer t’iii’ n g\  rs.’ h . i l u s _ s _’ i s _ u

rs_ ’s_ ’i’ l u,er xi’ i i ’ u i l i ’s_ ih ~ - t ime t’ritcr ioun lom’ mu n t s.’nfers.’nt’s.’ i’ , ds_’f imn s.’s_ I as the ps _ sm u t at s_ s I l l s _ l i  t h i s . ’ t s _ s l a l
iuntcrf ’ercimce pos_ver sv i t i miu i  tIme receiver passbanmd causes .i 3—d R or gnealc r immcrea sc rI n e ceus _ er
e f f e c t i v e  noise figure . [m is couiditioun s_ ’ \ i S t s  w imc nm t l ms _’ i m nfcr t c remnce mls _ si s e power equ ils time
s.lcsires_ l siguial Ies’eI res _jui ires _ i f ’s_ sr a 3—s _ I 13(5 + N I Na t  Il-ic receiver o ui tps _ i l

( s _ u  is_ It ’ ulI i I~ t ime rt satu ra ( iot l initcrte rt ’ iu s _ ’s_ ’ s _ a s s _ s . U5\I U’s_ ’s_ lltlI s.’,S t hat  flit ’ It ’ s _ ’ s.’I s _ s _ f  sigm n al
rcqumr c d at this.’ ul - ipui t to tIme fir ’s_ I a c l u s _ s _’ rI stags.’ to s _ , s _ s _ i s s .’ s ats _ irat s _ u mi ix “(I s _ i l )  a b s _ s s _ s .’ lIms.’ rs.’ s_ ’s.’ u ss . ’ m
semi s it iv it ~ it’s _ s _ I . l ime recci s_ s_’r ‘u enmsn l is _ tv . 5

~~s_ us s_ l efimis.’d iii I I’M as
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is ll ms.’ ri’ s_ cuss _ F mis _ smse figuirs _’, I \ is thus. ’ s_ is_ ’ s _ iues. l
s igumaf level res _ i s _ ui rs .’ s _ I fs _ i r  3— s_ lL ) IS + N) N il tInt ’ E s _ s _ s _ m s _ e r  s. s t l t p um t .  \s_ i lt’ t lnat a c ts _ i ah i~ S s_~ 

s_ ’ i m .i ls
rece iver n i s _ s u s s .’ , S Is not tIme input icss.’i s_s 11 th  prs _ ut i ums. ’s.’s _ ,i s _ ha r nda rs_ i r’s_ ’s pom iss_ ’ of I l l —s _ h R
IS + N N as s.’ s _ s m m n m onm ly s _ u s es _ I .

I- iuma ll v . inn s_ i rs _ Icr Is _ s idt’u mlllv tli s.’ rs_’s_ ’s_ ’ u s _ s _’r uu i l e ru n m s _ ss _ h i il atis _ s u m im i hs.’rt ’cr e um s_-e I i mrs _ ’s h ms _ ui s _ l ,
si gnn ai Ic s _ e l  s _ I  Ills.’ rcs _ c Is _ t’r lu l plil Is _ s  p us _ st int ’ s.’ ret’s _ m s _ er uumts _’ r m unos _ l s _ i la t i s _ ur m us s p s_’ s_ ’i t i s . ’d by l I nt ’ uis s.’i
aim s_ i s (s_ ,sres_ f inn lilt’ s_ Is _ i t s _ I bass.’ . If thns. ’ u u m t s . ’ m ’t l i s _ s s _ I l : I a t l s _ u l i  f I t ’s _ I s _ i s .’ I is.V is s_ s. i tbui ni (lii ’ l u l l — s _ t I )  II p.iss-
Iu ai ith . (li e It’s _ s _ Is of tIm e t s_ s_ ’s _ u s_’ i i l l s x i s _ s i l s  at tilt ’ i s_ i ’ s _ i s _ t i  l u mp s _ i t  art’ s_ s _ s _ n i p s _ n’ s _ s _ h xx tin th is . ’ s i s _ cs _ Ii i ’s_ I
Ih m rcx l ms _ s I s _ l s_ ’aI s _ i s_’ , Immtcr f er eu ns _ - s.’ s _ s _ nil a li nm ost s _ s _ i  I. ii iu hv s _ us _ cur if i s _ ol in t’ i i u l x x i s _ u i n s  . I i s _ ’ a b s _ m s _ s .’ liii’
t hm r s.’sl m s _ s I s _ l Ievs.’i , I f s_ ’ ull mc r t’u n nis x ms _ s nm hi ’s _ s _ I us .uI u s _ s _ s _ s _’ l I l t ’ t l u n s _ ’ s b ns _ s ld , a p s _ u tem n l ,iI i nm l s.’ mfs _ ’ rs_’l ns _ s _’ s_ . 15 s_ ’

is u is _ tcs _ l  a ims _ I ani u umts . ’ nfcrs.’ u is _ ’e I ln s _ ’ xs ,mgt ’ is s_s. r l t teum.

3. 7 . -~ I I  I Nt l N I1ON \IOl)i I i~~
(
~ \NI ) ~N I I N N  t (‘OL~PLIN s_

I l ls.’ l l ’Nl  p ns _ sgu’ .Iuil s_ ’ s _ u i u s l s _ I e u ’ s l i l t ’ selt ’s_ ’ h i s m l y  Il l s_ I  l i l t ’ H iss_ i l l s _ s n  i s_ sss i s _ f  h i l t s _ i  s_ It ’ s _ i s _ i’s l I t ’
s. hi , s i , s _ s _’ I s _ ’rms lms _ ’ s _ I , ul , s _ s _ i l lint ’ fit l cu s_ It’s I s _ i ’s are su ipp li s _ ’ s_ I h s _ s _s_ t his.’ s_ U.s_ I .mu i s _ l  s _ i ’ s.’ st s _ ui ’ s_ ’ s_ l urn th is . ’ s_ i , i t , m b ,is s_ ’



‘[Inc user iia ss _ time optioum at ‘upt’ s_ ’ i I ~s_ ttm g ally one 01 thus. ’ fo llowing antenu ’ia s_- os _ u p I rug
algorit l-ims:

I ar field couup iim- ig

Near field coup lim- ig
I, ser ’s ss_ ipp iied coupling table

For far field coupling, t ine Friis relationsh ip for free—space couip Iing is s_ used ,
‘Iwo approaches Inave been taken to slmmul ate time near field s i tuat ion ’,. ‘l Ine l’irst s _ s _ s e x

l i mmear anitcu nna cos_ ip lling algorith ms. ‘[lie scs_’oiid ecu-i hers upon iu - i t cgra tcd  suibapert nrc s_ ’s _ is _ m p liing
and is used im com - i j s _ un ct ive  deve l opu nm ent with ti-ic scat teriumg model. ‘I his.’ I immear an ten - na mmn s_ uds.’I
t r ea t s  two ce ui t e r— f ’es_ I a m temnunas having sim m u soid al current dis t  r i b s _ u t i o t i s , ‘I’ lmi s unnos _ Ici is  s_ used u n -
unma n ly to ext um nm a te co s_ up liung Is_ usss.’s invo king large , c losely spas.’ed aum ten - in n xl r s_ us.’I s_ i i i ’s iii tine I-if
range aun t! helos_ s , I lue s _ ut i l i t y  of tIme umios _ Ich s_ Ie pe mnds on h o w  s _ s _ s _ I  I t l l s _’sc idea ii,s_,’ s _ I ante m iumas slu ms _ i-
late time act mini s i t s _ i a t  io um.

l’ime integrated subaperls_ ire model consmders first-order scatte nim ig e f fec ts  duue ts _ i Is_ up-
side structures , It provides time cap at ) ih m lv for cstin mna ti ng f ields in tIne near f’is.’Is_l of ap crts _ m u ’t’
and dipole array antennas iui ti -ic presence of onme cv l imm drica l umicu nber am- id on- ic f lat p lats.’ s I rs _ i t”
f u m e . hs_ it It s.loes riot s_is e time approas_’lm s_v iilc’in im- iv oiv es mmuunneris _ ’a i sois _ u t iou of lint ’ u n  i s _ ’~ i il i’ q s _ u.u ’
t iomis that describe a sysleu n of x s _ un f ate s_ ’ ui rrenmts a ns_ l axxs _ it- ia te d f ields , It us , lhns _’ns.’I s_~ rd , u m ot

app licable to boumm is_ lary value problen ims .
lu- i as_ It lu tio mi to tine varuos _ us umear lid s_ I aunt l far f ’is.’ Is_ h alg on ’ ithnm’ is , t Ins.’ !i’M s _ i l l s _ i s  t h u s . ’ s.- a p,i-

bi luty to store ans_ l a s _ t e s s  ta buuiar I ui- itt iou- is of s_’s.suip ling loss x ersus f ’rcq s_ ueunt -y Is _ un s t u d s _ I Iii

= anteni mia types , Tinis optioun is s_ useful s_vhn.’n uiicas umre d s_ Ia t a or of lien of ’f ’— Iine s.’ouip iiing algo-
rithms arc avai lable,

3.8 PRINTOUTS

[Inc I i’1~s_ 1 progranri Inns f ’s _ u s _ t r optIons Iu lter f ’crs _’ uns _ -e I’mt ’ s _ i is _- t i s _ ,smi I’i-ogram hl , i5 s _ u s _ s _ cm Suum n i —
mnam ’v I’rograuii . 1- lectrouniag netic Ras _ h ia l ioum I’rograiin. a i m s _ I Rs _ i s I~ I3oIt I’rogr a imn , lIlt’ s _ u s _ i l l s _ i l l s
of these optiom’i s are s_ Iisc s_ isse d below,

‘l’lme outpu its of ti - ic Iii tert ’er em ns _-c l’rs_ ’s_ l is _’t iomm I’rogn’a nnn i m ms _ - l s_ i d e

I’rob ie m mn spc cu f ’icat iomn s_ Ia ta

Im n t e r f ’s.’ rc mice summniary tables wi ns_ in rIse tint ’ ums _ m nmi luer s _ ut t i mmm t ’x t i n a t  auiv t r :m u m x m n i i t us.’ m -

receiver , or a ni tenimma is um ivo lves _ l ni-i cases of mui lerf ’e rcnice

Interf ’er e mis _ - t’ ms _ lcunt i t ’is _ - a t i onn Iab l s _’s s_v Ilit’ ll s.’onns isl s _ s _ h  IF i m m i s _ ’ r h s _ - n ’ t’ i l s _ - s.’ is _ l s _’n n l l f i s . - . m l l s _ s _ i l ,  II
sa lur at i s_ sn , aunt! rcs.’cis-cr i nmt e r in n o s . I s _ i i a l i om m i m m t s _ - n l s _ ’ n s _ ’ i s _ s _- s_ ’ i,ibles

‘ I ’ hme Pu s_ s_ er Ss _ uum m mn m . i r~ I’rograimm g is t ’s avam lable pu usx s _ n  af , s i n ~ s _ u t  I ss ui r  ps _ u i unts  mm l ime su g nia l l u r s _ u s _ s _ ’ss .

ung s_- lm auum s _ s m lime ri’s _ s _ i s  s _ n  sus _ Ic;

~s _ l  t ime mi ’ s _ s _ I s _ s _ n  a umt s .’ um una s _ s s _ u t p u l l

NI t hs.’ u s_ ’ s _ s _ ’ us ’ s _ u’ i lmp s _ m I

A f t er i ’ s _ c t’ i s _ en  rI lii terim mg

Nt l ime res_ ’e is s _ i  II ’  oh Ips _ I t  



Tine power calculated mmma ~ be time total power in all crmi iss ium ls , or it umnay be t l ls.’ puss. s _ n  levels
iun each of ’ a se l ee tes _ I set of frequency in tervals .

Tine on tput of the I ; Iectromm iag n eti c Radiatioum i’ rogrammn p rs _ ss ’ ides tIme s p . l t  iai power
density in ss_ a t t s  per ss.~ s_ marc mmmctr c u I  eac ln t ’u’ cqu mency im iterva l  for a sp ecmt It ’ s_ i hs.uc , u t is _ smm It also
provides ti- ic lid s_I s tr s.’ umgt ln in-i s _ s _ n h  lx per metre u n  s.’.mc im f ’res_~uucney inmt erv a l for lint’ 5~~~s_ ’ s_ f i t ’s_I
locatiomi,

Finally, t ime otutp iu t of tine Rusty Bolt Program sImows time f ’res _ l s _ u emncy au - id time power
level of cacim tops ide—gem ierated mum terunodiulation, TIme lransmiiit ters associated wi ti m t Ine j Ilter-
rnodulatiomn are also indicated,
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4,0 TRANSMITFER AN!) RECEIVER EQUIPMENT
DEVELOPMENT (TRE I ) )

4, 1 GENERAL DESCRIPTION

TREE) was devetoped by NEL(’ in 197 1, It was intended t s _ establish t i-ic electrical
perf ormam ce characteristics required in hf eomm lntmnicat ioii eqs _ ui pmcu its for s u ucce ss f ’s _ u i opera-
t iomn on miava l simips. TREI) is a minau nual design proceds_ ure s_vh ic in is based on oh- s _ ta ininig eq s _ u a I i m~
of Qs_ uas i- Miniuns _ umn Atmospheric Nouse (QNI,-\N I am -id receiver iumter u m ai  uioisc at tine rcce is immg
suhsysteul mumps _ mt for llf bamid and below, Wh en f ’requucunc y iums. ’rs.’ases above 3(1 ~s _ I II, , it is

increasingly likely that thie receiver noise ex ceeds t u e  e~ terna i umatu m r ai  noIse It ’ s _ t I - I mm I luis
casc , TREE) s_ uses tine recs_ ’ ive r uioisc as arm iuiterf ’erenice cn i t s _~nioum ,

,-\x s_ Icscnihed in sectio n I 2 , ‘[RI- I) follows a slc i’ -h u\ -s tep s_ iesigm u procetis _ ire Is _ s ma ks_ ’
sure that t Ine unte rf ’erencc power les e ls are below the as_’ s_’e pt ab ie unia ”s _ mm u u m n ,  I igs _ in s.’ 4 —I  s Ilo s_ s s
TREI) rf system - il s_ Ies igu proces. Iumrc . ‘Time prs_ ucedm ,ure can tic s _ his uded i u l t u ,i (I ii’s.’ mi la i l i ‘s _ le ps I l u s h ,
a required ami tenuma deficuenms _’y us esta h lis lmes_ i by time app li s_ ’at ann of QM A\ . I lit ’ nt’s _ i s _ t I r e s _I
anteulna s_ i c fmc i e ins _-y is t lmen s_ used to deternnnmmi c tIme net ’ s_ is u i s _ g  ss _ ubs y st c n n . ~ s_ ’d us _ i l s _ l . tIlt ’ u i u h m i i u i i s _ u u i u
allowable am -itenina coiup limmg is estab his lncd Iu~ s _ ms i m g  tins.’ uniost i mnn p s _ ur ta u m t  duns. ’ s_ ’t lhuns. ’,mI , i - n u m aI l ~ -

a trau smim ittiuig ss_ uE’s syst euri is esta bh is imed s s_ ucI n that t l e  iu id i res_ ’t t lmrcahs arc Is_’xs t h a m  t im e
ns_’ceiver noIse , h owever . in tIne f irst step . if time m m at s _ ur ~m l noise h)t1~ ’cr l exe l  Is bei nss m s _ c s _ i s _ s _ n
uno ise , no auiteulna tlet ’ic ieuicy is res. iuircs_ I.

3 t 1
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4,2 MODELIN G PHILOSOPHY

‘[RI’ I) uses a de te rmim l is t ic  approach in system modeling.
FRI I) does riot model eac h Iunctioulal block of a receiver, I t  treats s _ u ns.’cs.’ is ’er ax a

“black box ” s_v Imu chi mx modeled by meass_ired data of ree d s_ er seii si t i s_ - ih~ - nece is _ s _’n c n s_ ssx ms_u ds_ u-
lat ioun . s_ Ieuis m s _~,atuomn , receiver spunios_ Is respom - ises. au-id receiver intermodui lation.

4,3 FLEXIBILITY

Sm m ce I RE I) us a ullanual tles igmm proceds _ ure . it is f lex ilu le , It fo l lows a step-b y-step
devc iopmemnt of Problems and provis_ les visibility of ’ Possib le solLu t ions to t ineun i . If a com npu uter
program of ti-ic 1’REi) approach is to be developed in tIme fm,u Is_ i rc , f lexibiIiI~ wouu ld he possi-
Isle. Perhaps tine computer program would be of time iulferact i~ e t~ pt.

4,4 DATA BASE

TREE ) res _ Is_ munes measu red data and spect rs_ im si gilat s_ ire data. No nimodu lat iomm spt’t’t ra
arc included in t h-ic s. iata base - At present . on ly Ii m u  ted s_ ia ta art’ avai lable.

4,5 NOISES ,-~Nl) I NTERF E R E N (’ ES

1’RFI) considers uniost 01’ t ime noises and imnt c rf ’creunccs described inn scetnon I .2 ex cep t
passive device generated iu t c n m ’nods _ ul a t ionn . r s _ us ty boil , au nt! shnipboard ummau i—n nads _’ uio ises ,

- \ lt imos _ mgin ‘[RI- I) tioes miot addns.’ss t ime problem of ruust v bolt , an- i ap proa s_’ Im to it m a x
been s_ levc loped by Ni’ L(’ , t I n e  approac h i s ba sed o u m f’iind ing ti-ic stroungest of tIne uu nnkunos _ s_ ’ni
mium ber of imite rniods_ ulatio ui countribs _ it i nig sou rces . reminov inig it, and t hm c ui  ns.’pe a t i mn g tint ’ process
w ithi tine remanni unig so s_ urces s_ unt i l  arm acceptable inn (erference sig umal level is reaclns.’d - l int ’
nnie timo d of udeum ttf ’yiuig time st rou gcst so s_ u rce of iunt e rn not ls_ mi ation in - i te nf ’crs.’mnce i m t ins.’ to psl s_ Ie
environullent of a sh ip I ins _ ohs cx a t s _ s _ s _ s ’ I  res _ l uu e ns _’y test proee duure amid t h e  s_ u s c s_ sf aim ci emnmcmn Iar\
s_ lincctiom i l u - i s _ h u g  tcu.,’ im m ’iit is_ ie.

‘N numniber of mms _ s .’ s t u g a t us _ m n n s s _ s _ s _-nt’ s_’ s _ u m ms _luuct c d af Iii’ t o  f u nd tins. ’ n orumial Is_ sp si s_ It’ Iu m l s _ ’i-
um io s_ Is _ ila t ionn le s_ e l. Inn genieral . thmirs _ I— ors _ l e i ’ inmtcn nm mot iu i la tio u i ix abs _ u s _ mt ~_47 s_ l i lt - in I’s_ un s h i ps um s _ sI
h l . ivmu i g immmprovcu - imeui t  programnms , s_ vIn ci - i t ime It’s_ - e l of ’ I nam m s mnm it f ’uuum d aum ms _’ u ml a l I’res. luIcm m i-~ ps_ us_ vc rs
is I I~\~ I h u ix  t op sude— geumerated im- i ter mods _ uha tioui pos_s_ ’er level caum he nes _ I s _ ucs.’d Is _ i  this. ’ I)\ I \\
level as rcqs_ uired.

4,6 I NT I ’ ) R i ” I - RE N ( ’ I ’ , TURF SH O LI )  CRITERIA

‘N basis.’ s_’r itcrmo i m is that tIme rs_’s_ ’ s_’ u s s _’r os _ mIps _ mt  s_ l ime I s _ s  tIns.’ sugm ma h— p lums— a tn m uo sp hls. ’nlc~i ms _ si s s _’
iunput t S  I N I sh i ouuls _ I m ns _ 1 he immi paired h s _ y um more l u a u  3 s_ l B ls _~ s _ n u t e r n m a l  It ’ s _ s _ I s _ s _ i  n- is _ l ist’ s _ sn I s _ s
. n m ~ s y x ls _’mn i— re la ts _ ’ s _I m unterferem ic e . I l ims coun tl utmoun s.’xi sts w Ilt’ mn t ine ii’ s _ e n s _s _ s _ i  m ml s . ’nmm. l nis _ nst’ .imm s _ h
t u e  ( ,)N1 \ \  s_ ire unma de equal at tins.’ nt’s _ s _ i s  lug x u l I s _ s y s l s _’mn m u m p s _ i t .  l Ilt’ res_ ’s.’ uss . ’ u im u term u. i I ums _ sus e Is

e xpres se s_ I m u m  teru ins at’ res.’ei s _ s _’r ns_ ,sm sc f igs _ i re ,  w h i m s _ l u  us lilt’ It ’ s_ c l s _s f  i s _ c s _ IS s _ i  m i s _ s l x s _’ I s _ s _ is _ s.  s _ I  s_s u l I m
respet’ t to t imernin al umoise power in s_ I B.



~~~~~~~~~~~~~~~~~~~~~~~

‘[Inc (,,)~1 \N i e s _ e i x  are based oum ts _v o souurcs.’s a c au n m l s_ nc h c muxs _ s _ c css _ a t nu i m a t ion s _ s _ I  s_ ’ \ pci It’d
m ouse at m miann v locatmoums aunt! for all ss_’axouns s _ is iung t lata f ’rs _ ,mn n t h e  \at iou mal R ums _ -au s _ sf  S i .u i i s . l , s _ is _ h x
\s _ s u ss _’ \ Is.’ass _ u reunnent 15 rs_ ugm ’aunu : anti sh ipboar d ine asurc m m iem its unm ade at sea ii a t~ p s _ a l  loss. l 1 s _ s _ l s s _’

reguani . I Ime quas i— uni ii - immu ui n val s _ ucs arc bases_ I s_ sun ,t u dgnnmeum t n . ut im s.’r t hua u m aim sps_ ’s.’ uh Ii’ s_ ’oiim } u i u t .u l u u nn s .
is _ s o ante un i na sys tem paran neter s h a s _ i’ hu cenu s.’s t ah ui is lm e s. l  inn l ime s’s_ x i s _ n u n  dcs ignm : f l i t ’

am nteu m n u a t!ef’is.- ie i mc ~ rcqs_ ui rcd to unatci n (_1\l \N and is_’ s_’ s_’ l s . s _’I im nlc m’na l no ss.’ au nt! h i s . ’ t na l msu l m i h l i n i g ’
to— reccivumn g am mt c m nn a isolation rc qs _ u mrs _’d to kt’ep thus. ’ it’ s _ t i  s _ s _ f  u unmp a s _ ’t of tna s _ nx m m u i t t i mn g  f ’s _ m nm daunm eu ita l
ps_ ss_ver at t Ime receiver doss. n to the receiver im mt ernma I nioisc les el.

‘I’Iie basic criterion tlnat an ~~ locall y generated m n t s.’rf’crs_’mms. ’ c It’s ci should be hs _’ ss lii i n n t i lt ’
ONI ,-\N ft ’ s _ e l us s_ used for tine i unterf ’crem is_’c cva luaf loris of s ps_ i rio uus s_’ umn issi o uns , h ra ns _ s _ nn it i s _ i  lunoat l—
banns_ i rmo isc , t r a nismit tcr  iulterunot iulation , aun t! lma rnmouni s_ - s , Si i im i Iarl~ 

, it ’ s_ ’ s_’ l s _  en pc rfom - nn am ms _ ’c
sm all not hs.’ redu ces_ I nnore t h ia un 3 d B ax a res s _ ui  t of c is_ uss u mn s _ udu u lat  ion . rcs_ ’c is s_ ’r i unts _ ’ nnnm ods _ mla t iotn
s_ lescns iti ,ation . or spu riou s rcsps _ iunss _’s iii tine u’ c s_ - eux s _ F  ca s_ isc d by s_ un desired los _ al sigmia is, I ‘ s _ i n
eac in rcceis’cr unmter f ’c reuns _’e t ine allowable ints.’rf ’enung power i imnmi t  at lbs.’ u’ s _ i’ s _ i ’s _ s _ n  imnpu i t ut ’nminia ls
ix  csti tmia tct!  frot - in mneasu irc nncmnt data: for  ex am ni ple. time s_ r o ss m nu ods _ i lat i onn I in n i ta t i s _ ,sn of ’ Il- ic

105 1 receiver Is about — I l .) tIR um i tine pass_ cr It ’s_ el s _ s _ h  th is. ’ nece iser iniput ‘or a f ’res. ls_ ucnu c~ .~- l  2
from t ime tunes _ h f ’rc s_ is_ i c ncy of tine receus s_’r, I)est ’ mm s i tm , a t is _.su - i antI ri’ s _ s _- i s  en ini l s _ ’ n n n s _ ss _l s _ i i a m s _ s _ s _ 1 5

pro d s _ mets oc cs_ ur at a p pno xu umnat s _’ly (Inc saint’ power ii’s _ e R as t i i s _ sss_ ’ at w li is.’ hm s_ s _ s _ s ’  m n ms _ ss _ I  u s _ t at  is _ n m
ace s_ irs .

W imein time ns_ ’ceuvu ng ss _ u h x ~ sts _’m f ’rc s _ l s _ icu1 s _’~ 
s_’o u m n s _ ’i ds.’s s_ s. h Im a local tnam u s im n i t t s _’r I req s_ it ’ s _ n c \  -

Ilnere nmighmt is_u.’ a prob lem m n f ’rom mn t i- ic possibility of ’ m’ccc ix imig nnm uu i t i s _ - t l s_ i p ler s_ ’r ns_ ’ s _ c i s s _’ r t! , u mnu , m g s.’ ,
.‘~tIequiatc proti’ct ioui Immeasu u res slnouuld be s.’mp loyc s_ I Is _ u hunt ’s s_ nt I u s_ si’ s_ lam n i~ugs.’x .

‘lime th iss _’ uussuom ’is of ’ t hiN se ctuoun au-c bass_ s_ i oni tI ne asss _ u nm np l io ui  t h at this.’ s_ ’ x t s . ’ rnua i I s _ s _ u l s s _’

ex cect ls time receiver unnter na i noise, If ti - ic a s s s _ i nmpt iomm is n - is _ ut Irs_ ic, t Ins _ ni ann au - i lemiuma d e f u s _ ’ ue i ms _ -s
does not exist  - Ns.’ s _ s _’rt l ms _’ lesx , t Ime rs_’cc iver unoise us st i l l  s_ ms e d as nh it it erterence l u t e  s _ m s _ n i

4, 7 ,-~TTENUATION MODELING AND ,-~NTENN~ (‘OUPLIN G

[Rl;I) c om msm s.I s. r s f Ine silt’ s _ h I S  u I\ a m n d this . ’ inm s crtmtu ni loss of ’ f i l t e r  s_ is.’s_ u s _ t x , It a l s s _ u  s_ - s _ s um-
xus _ Icrs tInt’ possubu int ~ s _ u i ’ rs.’s.’ s.’ ls lI

~ .’ m mns _ u I I is _ ’ s_ u u ip lcn daunmage duue to os_ c n ha ,ud , Is _ s _ i t  II s_ fo es I n s _ s I  c s _ un—
x is _Icr m isnn ats _’ h m hs _ sx x s .’s ,

As m ni e ntiom is.’tl prcs_ ’ i s _ nu is lv , I Rh I) u u xex s _ l ines _- I t I- i rea ls to establis h time i m m u u n u u i u s _ u u s _ u  , 5 1 1 s _ s _ 5 ’s_

a ble antemnm m a c os _ i p l im ng sa luu s _ ’ I ins Ix  qu ite s _ h i f ’f ’crs.’mi l f ’m’onni t Ins.’ approac in u sed mu - i tIne SI \ l( ‘ N ,
lP~s.l . aun t! ( ( ) S\ N 1 prog ranmns , I h ess.’ Pi’og ramnux s_ ’a Is.’u u late ti - ic sa I s _ uc  of ’ au - i tem - i rm a couhu i inm g m d
prct lic l tilt’ 1~~ ’~

s_’~ 
Icss _’ls of s_ I irc c t l i nus _ a ix  and u m ms _ I i rc c l  I hmr e a lx ,

4,8 PRINTOUTS

S munce I RI’ I) , ii i t s  prs.’scnt foru m Is a umi nm u al dc xlgun proccs _ lum re , if cain Is_ c ux es_ I I s _ u s_ . uI -
s.’til ate h u t ’ rc q s_ iures _ l  ,u i u tc nm um , i  s _ Is _’ t i s _ ’ Is _ ’ i ns _ ’~ , t Ime rcs _ i s _ i i rs .’d a m mt s . ’ m n m ma cos _ ip hu m - ig.  aunt! tins.’ iunt er fs.’n’c nm s.’s.’
p s _ u s _ s.  s_’r It ’ s _ s _ i s  s _ s t s. I rn o tus d I m s _ s _ I  , s nu s _ h im ns. iuus _- i I t l m rs _’als at  t h i s . ’ i m ps _ ut  Is _ i  lilt’ rs_’s_ ’i’ l s s .’r



5.0 (‘O-SITL ANALYSIS  MOI)EL (COSAMI

5.1 GENERAL I)ES(’RIPTION

(‘( ISAM has been developed by I-( ’ A( - and Ill ’ Research ln s hi t uu t e , it us a counp u mte r
program for time es’ahuatioun of tine i \1( ‘ poten t m l  of a single sits_’ w lmic li enm pi oyx a large i n s _ l u —
her of traunsnn u tti ng aunt! rccen vlmng cs _ l u u ipu ncuits . It ix s_ us es _ I to cva lu uat e intcrac tiouix hetsvecn
s.’ommtuniication equuipmcmi ts in a statistical uu m a n u mmer , ‘h’ine des’clopment of’ ( ( )S N NI s_ s ,us dix Is_ It’s_ h
i t- ito t lmrce s tag s_’s; s iniglc clnanuich s_ il - if ,-\\l x ois _’e t r a unss _ n ut  l u ng  rt ’ce is’ing s\ ‘s_ l inu s s _ s _ s _ i c  s.’ s.snmsis _ t -
cre d f ’irst . t imer - i ti- ic s’ Inf I Ni s s l e m n ux , anti f ’iuially h f  SSR svx t enuns ,

ftc s_ il - if \N h , vhnf F\I, mni SSB portiouns of ( ‘( )S ‘s_ NI s_ s- crc i, a l idated if- i I , l’~ ~3 , s _ Inns. ]
I 075 , ns_’ spec t uve iy. \ ‘ Ieasu mre mn enmts s_ s_ crc uiiade of ’ nnuunis.’ ro s_ is imntcractionns at tine I. S \ r u nu~
Electronic I5 rov iung ( ; ros _ m u- ids: results s_ s.- cr c compared wi l ln prct!ictio ins made hs _~ t Ins.’ ( ( IS \ \ I
Program. I:or t his.’ um iml ’ ,\\ I portioum . it s _ s _ as  los_ m id ilnat ~2 s _ i l  all tIme s _ . ix s _’s re s u l t s _ s _ i  mm s _ I s _ h  I s _ I

ences hetwecun mca ss_ ired SI N A I) s _ s _ i l  uies S s_s_~ anti asxos.’iatet! mean- i ahuies I Si, I s _ s _ h  ls.’ss I im,uum
10 s_ lB. For time s if I NI port ioun . t ine resumit s_ s. s _ us ~I h )  . anti finally 5 2 Ion tine hit SSR ps _ s _ nti s _sn

Figs_ ire 5 — I sims _ is _ s ’s t ime s.’ s _ u u ’nui lat ise probability s_ i is tn i t s _ u mt io n of S~1 — S 1 f o r  t i l l s _ i ’ h~s _ s n l iomms s _u t
t ime ( ‘OS ,-\Nl programin . l’lne tern - i- i SIN Nh )  rcprt ’s eu nls t im s.’ si guma l—p luis _ nm oi st ’_ Ii hu is ’ iu mie  1 n - u s _ s .’ ’ i s _ u ’

imo ise— p lus— imm ter f cr e nic e ratio, or IS + I + N l I I ‘+ N I. in dR . at t ine os _ it ps _ II s _ ut lIlt ’ it’s _ s _ i s .  e n
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‘I’Ine 2— 30 — NI I It Is_ a u th reprcsemmts a s _ h i f f ’ut’ult .u s _ n,i 1
~ tuc ul prob leinm. lin e m t  i s _ anu s_ i s.’ncorn —

p.isxt’s m ore thmau ’i t h ree octavi’s, w h e reas the s _ mimi aims _ I slit lu on hi s_ Ju is of ( ‘05 ,-NM s_ s_ insider cs _
~s _ m i i s _ —

nmc uits ss.’ imose ts _ u nimmg ns _ unngc s inns_- o k’e approx mu nnatehy am-ic oc tas e - I’ igs_ m re 5 — I  uu - it !mt ’ales t h a t  l ime
hut ’ SS B portion - i of (‘OS NM ix time least accs _ i r a tc  anne annionig tine t lmrcs.’ ptnnt iouns . despite ti ne
f , i s _ ’ t  f inal at!s_ litio nal e f b s _ i m  tx  Inas ’e bs.’t’ nm umna dc, Sl i m s _ i’ I 0 ”2 , a t imr s_’s_’ —~s_ hmase m l  t !e s s.’lo punment (s _ ns _ i—
grain h as  hecum iuns t i t s _ u tcd ,  Plmase I s_s_ s _ us this.’ s _ fs _’se lo pmi ns_ ’ mn l of a s_’os _ ip ling model w hmu s _’In s s_ s_ t i l t !
prov ide a stat is t ica l  est imate of pat h hs _ ix x s _’’s_ h s _ e t s _ s. ccii c o hl s _ scat c s _ I. proper I~ nlatc imcs _ i m l ’ antcummi a s ,
Phase II s_s. ,us t i-ic iIs_’vt ’Io ts_ men t s_) f aim amnts _ ’ mi mm , i s_’ os _ u~

s_ Icr ss_ ’ fs _ ’ c t us  liv model s_s. m uc h wos _ ult I pros _ us _is.’
stat ist is _ al  cxl m a  ii ’ of ot ’ f ’— f i’e s. i s _ i s.’ nms _~ rej s.s.’t lain c l ua ras_’lcrms t us _ s of s _ ar ias _ us  um peda m icc— niatt ’ln u mg
nets_ s’ s_ir ks , w iit ’u m s _ is cs _I ss. ’ i II m a s _ ar ie h~ of h f  t .  am nxunm l t is _’ rx , res _ s _- us s_ -nx , arid am ntcu iu - i ,ux , l’ Im is ls_ im~use
rcsu lts.’d in time t!c s_ ’ e l o p mm nc us _ t of h i s . ’ I n , i nn ’ l l s _ i h  Icr Res_ ’cis en, ,-\ u mteunn a . ( os _ it s_ icr 1 s a luuat mo u i
( ‘FRA( ’l ) miiodch. l int’ t h mi r s _ i pl u ax s _ ’ s_s. ,s_ s mime gc n is.’ r a t i s _ s _ un ot hI’ tr a um x nm i i t tcr  and rs_ ’s_ ’ s_’ u x s _ ’n l s _ an’ am mn—
cts _’r s_ ’a l s _ i s _’s w imic i n canu Is_c s _ uses _ i in- i ( ‘( )SAN1 unnotiels , l’Ius.’ process imim p iuct! a capability to  i nns _ us _ I d
pert ’orum nance o f s_’qul ipnnc nts t ’or xx h is _ In m o  u um e a ss _ i r s_’t! s_ la In arc .us _ aulable . oun t ine Is_ axis s _ 0  suu ni u —
hari t ie x s_ v ihh m e s_ I s_ ui l ) u mn cil t  Is _ u n s _ s _ h i s _ h  unt’ a s uu rc s _l data a~ ’ asa i lahls.’ , () nn t ime basis of tint ’ ns.’ ss _ u l l x
of time va litlat itsn i s _ s _ f  tIme nt ps _ ur t i oum s _ j f  ( ‘( )SAM . I ( ‘ .\( ns _ ’con nm nicmn ded llnat tins.’ to l ls _ us _ s u ing  an c. ux
s lnos_ ilt l Es_c imnvc stig a tcs _ l

i)ctcrmiunation m of s.’ s. ) s _ u l s _Icn , tran ’s _ m nmit  ten . rcec is _ er. aunt! at- i teuitia c i ianacter ust It ’s count ni-
i s _ s _ m i iumg to m’nm ism mlalc hm l s_ ixscx w l neum I rc t ls_ uc mncy sc iuanat ionns exceed am- ic octave.

I)ctcrun m i s _ n . u I u s _ n m of s_ v imat inn tc rnm m ot!s _ ula t i oun orders shos _ ult! is_c eouisuderct! s_s i ns _ ui In I Irs _ in s —
nnii ltcrs amid receivers arc col iocatet!.

5 ,2 MOi )EL I NG PHILOSOPHY

Time ( ‘( )S ,’\ NI program s_ uses a Monte (‘ s_ t rIo s iun is_ i lat ion t cs _’ i mmi is _ l s _ uc I 1 000 san s - i t s _ it’s I to

s_ -’ l s_ t a in a probability dis tr ihs_ uit io n of SINAI) w lmic i n rcprcsc umts ti- ic ratio of (S 4’ I N 1 ( 1  + N I

m m  s_ lB at tine outpuit of eacim receiver specified in tIne an ia hys us , ‘l’Inc pros_’e t!unt’ List’s_ h to s _ i t O  s_ n
ti - ic SIN-NI ) s_ i istri is_ ution is described below.

t h r e e  va ri at s_ Ics arc unsolved.  15 tI is tIne desired sigu’ua l I s _ o s _ s _ er. 1’u-i us t he amt s_ ie nu I i n s _ i l s i ’

( u s_ ssver level , a ns_I l’~ ix t iuc stum of f ive ci fcc tmvc  imiput oun — fr cq s _ memnc y unnt c r l ’cre uicc pos_ vcr It’s c ix

~ ~~~~~ ~th’ ~im~ arm s _I arc m- an s_ loum i varia Is_ Ies , I’ime pno l s_ ai s_ ihi ty t !mst n ibs _ i tuou’ix of ’ I~i_~ a mnd I’~
art’ not com ll ps _ i tc s_i b~ (‘OSAM . I mm st c a s _ I 

~s.l aun t! art’ as s s_ i umies. l to Is_ c ( au i ss ua um r un s_ l i s t - i - i
var iais_ lcs , I los_ s i’s en, ( 05,-N NI s_ ietcr nniuics tIne pro i s_ a is_ i h i  t~ s_ lust r ibs _ ut ion- i of

I~ is tine ss _ iumn of 1’ m~s_~ 
15 in- io is t ime s_’f ’f ’cc t isc i l - i t s _ s _ i t  o mi — frc q uuent ’y m m tenfere m ns _’c j s _ s _ ixx e n

ls.’s’e I s_ Is _ ic to a siung le inu tcras _’t ionu , I’ lmcre art ’ fis _ ’e in i teractuo mm types w hn ic ln s_ inc c a l cs _ i l a ts .’s_ l by
( ‘OSAM t ’or eac h receiver x s_’ nxs _ ux t ime tr a mns mi l ters s t s_ s_’s.’iI led in tint ’ . iu l s _ i I:1 six , l’ Imese m i  tcn ;uct it s _ nm
types arc as _ l j a ccn u t signal , ns_’c e l s_ cn im ml cru is os _ i u i la t iomi . trami ’ s _ u n i t hc r  u mm te r mn os _ i tm la t i o i m . res_ ’ s_’ u s s _ ’n
spuuri ouu s rcspomnsc . aims _ I t r an m s n - iit ls _’r x i s _ s _ iris _ n ix enumus s is _ u nu , ( ‘ ( )S .\ \ l  

~
s _ r s _ s _ s _  us _ i i’ s s_ ’q u s _ , u l l s _ i l n ’s_ I s _s  s.’ aii’ uu —

hate each of ’ time l mvc m m n l s _ ’u ,u s _ h i s _ i l l s , l h m s _ ’ 5 . i i l i s _’ s _ i f

‘ I lie is _ ara l nns.’ te n S I I  4 N i h  
~~ 

us s_ ’al s_ ’s _ ul atct! Is_ s s_ i simng line eqs _ m u on

15 ~ ~i I nn s _ i  1 (1 Is _ i c 1 (1 I 1’ s_ l I 
~ un + ~

“1 ’ iui s _ ,s t

I hm i x  pni ra mnms.’ ler is s_ I s _ f  i m n es _ I is t ime s . f  Ii’ s _ h i s _ i’ min Is_ I l l  s _ u l i—f r c s _ I Iu s _’ nns _~ si gu ma l — t o— l m n t t ’ n lcr c i m s_ s_ - I s _ I l l s—
ins _ misc ra f ua rs_ ’xui l tm u m g f ’ ro m nn , uun ~ s _ s _ f , s _u i  t ime s_’ s _ s mn n l s _ i rues _l c I t e s _ I s  s _ I f , t ins. ’ i s _ i ’ I~ I’~’~ 

s _ i f  u u n t s _ ’ m ’ . is _ u s _ i l l s

pncs _ iuc f c t !  l s _~ 
( ( )5 \\ I

_ _ _ _  —— - .- - -~~~~~~ - ‘ - “ ..~~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~
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Receiver s_ Ictcc tor  tranisl’cr funct ion equ at ions are t in eum s_ used to con m se n t
I S/ ( I + N ~I 

~
no, t Ins.’ in - i t s _ s _ i t  ratio. in-ito ~s I + N ) h~~, tIne output rat io, ‘l’hu s.’ detector  tr anisfer

t’uinct ion s_ le~s _ cu n s _Is (si- i tIne mot! s_ mlation t y l s _ s _’s of tile desire d sig mna l ant! undesired signal ,
Fin ally, t ine s’a huue of ’ IS “ tI + N) l~ can Es_c easily trnnsl ’or muns.’d to SIN .\ I) as IoIIos _ s.x :

SIN,.\D l0iog 10~~I + I00. S~~ 4~~~l o~ t!B

In brief , one rec eiver is selected aunt! an initeract ion i t al s_ Ic ix s_’ x amu ns _’s_h i s _ u  dets _’rmnni uns _’
w hich tranisu~ it te rs arc potentially sigunificant . ‘linen, f’on cac ln l u l l s _ I  , ls_ I I s _ s _ I l , line a l s _ I s_ ro l s_ r ia Is.’
1’m• ~d’ aun t! oth er h’s_ aram - in e tcn thstnibutions arc ss_’ is_ ’ s_’ te d and a x ml lg l s _ ’ s_ ,ui  I , ix s _ b o s s _ i - i  I l’ s_ ul l i  s _ a s _ i n
Is_y means of a raumt!ou ’um u nu mber generator.

‘N single s’aiuue of P~~0 is comps _ utcd f rom these s a l s _ is _- s . t hs_’ u s _ s t  mum t s _’ ras_ ’t us _ i i l  us s_’s _ s nsid-
ered by use of tine same poiu nts , as app licable , amid so arm , ‘Ibis is_ nocexx s _s hcrn hs _ s_I a ‘‘ruin, ’’
Tinen. for tIme same neceis en, 1 000 runs arc perlonunct! . cx c u t  s_ u n Ity ress _ i l t i ng In n a is_ neil cIt ’s_i
SIN,.\ I) output t i istr i ts _ s_ it io ru, Each receiver is consit!crcd iii the sans _ s.’ ma inm nt ’ I ,

Ne’ s_i , t I c  receiver modciinc of ( OSAM is counsidcrcd . I lie reccm s _ en is_ model s _ s _ f  ( ‘( ) SN M
is s_ let eru ni t cd hs _ 5 ’ tine c s _ l s _ uat iom ls s_v ’i uich s_’a lc s _ i l at e 

~iu ’io and ti - ic detector I r ,uu ixf ’s_ ’r hu uuis _ ’t ioun i’s _ l i l a—
(ions, T u e  cs _ i s_ nat ions f’or t ine calculation of 

~ino will Is_c is_ u’ s_’sennts. ’ t! in - i xs_’s_’t mon -i 5.5, In n au’s_ is _ n ho
accou n t for cc rlau n niomi hinea ritics un- i tine ns_ ’ cc l s _ s _’n , spc s_- if ’ic Is_ a s s_ er Is_ ns_’a L—p ou m m Is in ns _ c I s _ ec u
spcc if ’iet! in-i tine adjacent sigumal and l e e d s _ t m  m m - i tc i - mn ods _ i la t io n es _ I u iahi oun s , h ’ s _ sn i’as _ - ln s.’ s _ i s _ u . s _ I u o m u ,
if tine intc rl’cr imig power level e x ce e s _ is this.’ bre a k— poiun t . one constani t lx s_ used if II does h ot,
anotiner conistant is used. .\s to receiver unmode lu ing , I (  A( ‘ Inns des_ dia ls_ ct!  Is _ s _ s _ i t echmu mis _ i s _ uc s :
niamely , receis er s_ vaveform sim s_ ulation anu d time dom ain si u ns _ i lat ioum of dig ita l  i’ s _ C t’ s _ S  s _ I ’ s . l ine
resu lts sf t lmese simu lation programs has-c been a~s_ p 1iet! to ( ‘OS NM,

5.3 FLEXIBILITY

( ‘( )S ,’\\I is des _ d aIs_ct! ma imily for  i u i te r tcm ’ c m ms _’c es a l s_ ia t ion .  (‘OS NM has t i ms. ’ opt ion- i at
s_ us ing time progr a mm n— su ipp i ies. i anten uia cos _ up l ing unot!e l or h o t  -

5.4 D,.NT,-~ BASI’

Time data base of ’ (‘( )S , NNI ins_’i uus.i s _’s:

Noin m imia l e qs _ u i~s _ n menm t s _ , i i a  s_’ x l n , u s _ ’ t s _ ’ s _ l I ns _ s _ inn  s ’a m ’ i s _ nu i s  x o uuu’ s_’ s_’s .

\ ls _ ’ ,Ill s.’a luics s_ un - it! i s s s _ u s _’i,i I s _ ’ s_ i s I , u i l s _ I. urs _ i s _ hc s l a i l s _ i l i x , s_s lieu’ s.’ • i h s _ I s _ i ls.’.u i s _ I s _’ . s _ i l  Il-it’ sa nu s _ s u u x
paraui iclers . I h i s _ s t  f i au’a mm ietcr x are l i s t ’ s_ i Is _ s s.’a lt’ s _ i la t s _’ t ime s_’ f l ec t s  of ‘ms _ c iu l ts _ ’ r , u s _ I n s _ u l s , I lii ’
1s_ a rs_ iu i let c r s_ ’a Is _ i es •irc gi ll s _ - I s _ I t ’ s _ i  I r s _ s imm - p s _ s _ I n s _ i l l s  \I u , !in , i Is _ iu ’t’’s_ s_sn i rs _ si m m sm i i uu l , u n  es _ i n i h s _ unns _’ m m l s  fo r
s_v l m uc l m ms - it’ asu m rcs _ h s_ l at a arc as _ amla l s _ I t’ , I f  .1 ps _ um ’ aumm e l e r is s_ ’ s _ ui - i s is _hs _’ i s _’ s _ h ix ,u m ,u u ns _ 1a m m - i  ‘s_ ,un i .mb lc. s _ is s _ i . i l ly
it is a sx s _ uunns _’s.i tIns _ u t Ime uaim s _ hs _ ii u s .a r i a i s _ Ic  hi ts s_ u ( 

‘ .uu uss ia i m s _ h us t r i l s _ u mI I s _ i i l ,

i~s _ u les f ’s _ u r s _ h s _’ss_ ’u i i s _ uu i g  fns _ ’ s _ h s _ ieunc ~ s~ u m l imes is p u s _ s _ s _’ s_ ’s.Iu in’ s.’x xx his _ - hi are s _ sl uta i mm s.’tI I m’ s_ s um m I s _ ’s_ ’l unu ’
cs _ u I m mma u iu m als . I his _s t  l i lt ’ s s _ l i ’ s_ uses _ h Is _ s  s.’ s _ a is _ ua ts _’ t i’s.’s _ i s _ ue ui s _’\ rs_ ’ ln I I s _ u mm sI m u h s _ ’. s_s Im us . ’ iu s _ f c l s _’ nmn m nns _ ’ t int’
1s_ roi s_ ais_ ie s_’ x i s l s _’Il c s_ ’ s _ u t  t r a m u s u n n i t t s . ’r x Is _ u r I s _ s _ u s e unm ls siouns aims _ h m’e s_’ e i s _ cn s h s _ s _ urus _ ss _ l s  ns_ ’ x b s _ s _ snmscs ,

15 \\1 s _ Is _ sex n - i s _ i t  s_ ’ s _ sm msus _ h s.’n uni s _ s t l s _ u l u t i s _ i n  s pec t ra .  ( ( )S \N1 Iu ,u s aim , I s _ h i ’ s _ l s _ i . I I s . ’ ui s _ imm i t~s_’r s _ sf

es_~s _ m lpnu m eumts  w h ich h ua s i ’ s _ h , u I . i  sb u s _ f mum t Ime s_ I. i l a Is _ ,ixs.’ ,



5,5 NOISES NNI) INT E’RI’L RI N(’ LS

\s u nme u ntus _i n e t i  in xs_’ c t io mm 5 .2 .  there ire his _ c i u it ci ’~uct ia n - i lv Is_es s_’ s_ m s u s_ t s_’r cs_ i by (‘OS \ \ I ,

l’ ius.’ n us _ , s _lei s _ nt s _ as _ lu  i n m t s _ ’t ’as_ ’t ioli ix s_ Jt ’ss_’r i } s _ s _’ s _ l h eIs _ s _ ss .’ . ,‘Ns_ i,t a s _ ’c inl x~gnui m nfc r f c rens _ ’s_’ i n s _ ins_ I t’s s _ ms _ is ’,
nn s_ st lu lat i t uun . s_ is _ ’ ss _ ’ l l smlu l a t is _ ins .  sa tumn al ion . aunt! lhc d Ies _ Is of ’ tn auis n m i t t c n  niolse ,

l ’ h us.’ equation Is _ i n  ti- ic nmne a un s_ ’alui e s _ i l  the el ’t ’t’ s_’t ix ’ s_ - l Imp s _ m t  o n—f ’rc s_ l ui s.’u ’us.’y s _ in l en f e r i-ni ’ s.’
Js_ os _ x s_’i Ic s _ s _ I  t ram :u ml adi ac e mnt s u gmma h is:

t uu n o ~i — 

~cI r — NI II 15 s_ i — R5 — SI -

w in s _ ri’

ni p s _ i t  s _ s _ n s _ i s _’si res_ i ps _ us _ s_ cr in d Bms _ i

~ef I = c l I s _ ’ s _ t i s ’ e  oI l— f res _~s _ ucn s _’y rc jechs _ om u I s _ I s _ s _ i’ ts _ s _ .~ l I il-i s_ lB

= l nm 1 s _ s _ I t  d exmrcs _ i  js _ s _ s _ s _ cr  un - i d Bm s

NI = .m s’a l s_ ue of ’ t Ine ‘s_ loj s_ c ~~~ ~~~ 
= I (I I n  P1 ‘~~ ~ih

1.0 I s _ i n P1 
‘‘ P1 ; s _

ms_ - s _ e s _ s _ c r  sd s _ l s s _  i us I ~ m m  s_i Bin

a x Is _ es _ I  l ies _ i inn te r f ’c ri mg puss _ cr break —ps _ n nh

\ ‘ ahs _ ms _’ x I n  
~s_ - f I ’ ’ NI , 

~ ihi ’ as _ md R5 a rc oI s_ t a inct l  I n ’ s _ s _ nu n es _ Is_ u up mc mm t s ps_ ’ s_ I rs _ inn - i xu gl i , i luurs.’
l n s _ ea xs_ i l ’ s_’ s_I s_ lata.  I I s _ i s _ s _ e s _ s _ n, it is s_ i s_ ue x t i o m m ablc that t ime indmnect threat I t ra u x um ’ u u ths. ’r ri s _ si ss _’ 4 .i~ th
t Ine s_ Ii res _’t ii ‘ca Is t c ross mi nods _ ui at ion , ets _’ I sho s_ uh ti is_ s.’ rs_’pre scntcs_h Es_v .u single s_’ s_

~ 
s _ u.u l us _ s um ,

Fine e \h s_ m ’essis_ )ui for s is_ ur ios_ us re’s _ p s _ m ust’ s_ ’a ls_ ’u la t iQ InS ix

~ j n o  = I 1—q I R5 ‘~‘ s_ I lPo”j_ xm )

ss lie re

“iu ’uo = ef ’ f ’es_ ’ t i s _  e on— t uum ne i n t e r f e r e s _ i s _ c  pass_ cr mu s_ h Runi

P1 = iuipuil u i ums _ I s _’s ires _ h P~~ ’~
’ u n  s_ I Bin

recc is _ c r  xc s’usi t vi h\ in d Bum

~sm s_’ f f cc l m s ’e  spu rious response m s _ ’ js_’ s_ - I  I s _ i  s _ nm s_ h B

= a ps _ isi t i s_ ’c u n hs _’gs_’r s_ s’hic lm re i s_ r s _ ’xs _’ ln lx  lime lman m i’uon m i - s_ i f ’ t ime s i s s _ ur u s _u s _ s _ s  h r e qmis. ’ n us _ ’~
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i l l - is _I

~~~ — I l  — . l S l s _ s _ e h s _~j h i~ * I s _ I I s _ i g s _ l I f h i
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where

hn is this.’ s t r s _ u s .’ t s _ u r a l Ims _’ ug l mt I relat is s_’ t o the Iced po int) iii I’s.’et, anus _ h

lm s_~ s_ s ths.’ n nmuu mi nu us _ u m u i  s _ I  f ’cs.’t ise im s.’m gl m l in feet

lim e lornmu ln s for h0 ~ujs_ p I~ to this.’ u s hut’ tcr m’ ;u imm s_ ’ons is.leu’s.’d mis lint’ hs_ ’s t

ls_ sg iu 0 = 1 .5 i o g f +  5.45 it I ‘-~ f ’~ ON I1I ,
= — I S  Is _ mg I + 5 .2  if I 2 ( 1 NIH,’ f ’s_ s r sentms _’.il po i ,unm i,u t uomm

In0 = ii if I > I Nil It I s _ s _ n  hs_ uni,’,ont~u i polanitat ion

~
‘ I’ nmeanu cos _ up h i i m g loss b s _ et s s _ ceu tine Is _ s. s _ u amn le umn n: ux in - i s_ h 0

‘
~~~ lu l l ’  = g s _ ui nm 01 a s _ s _ h i p  an- i teim nm a s _ mm s_h 13

‘l ) lI’O I I’ ‘ gs _ u it m s _ i t  s_ u dipole ~u mmIemmmma mi - i s_ Ill

s_f “ s _ lus t s _ i n s _ c  i s _ ets _ vecum a n mtemmuns _ us , u n-i f ee t

= I res_~ui cu nc~ s_ ui t i ns _’ t ra m n s unn i l te d smgi i~u I . inn \iIii

0 — s_ s _ rI us _ al s_ u nn g l e Is_s.’ Is_s’ s_ en anlt’mnun ,i ps_ s sm tuans mum t ls _ ’~~i’ s_ ’ s_ ’ s

5 , 5 PRINTOUTS

( ‘( )S ‘N NI us_ roy us _ he x t i nrs _’ s_’ u s _ s _ u m n e n m s _’a I xs _’tsres : u ns _ u n ne I~ , tIme upls_ s_’r hs_ s.’ rlt ,s ru s n :u u ms.’s_’ ss_ s_ ir s.’ I I. PS 4 ,

lime s s_ s _ s lt ’ l i l  perts _ sru u - i a uns _’e score I S PS 1 , a ims _ h t Ime ncl~u l  1 S t ’ ps_’ui s_ urnm ’uamm t ’c st ’ s_ ire RI’S I (‘ I’S us thus. ’
p ioh s_ a bul i l~ s_ i p nos _ i t h immg athe s. iuatc pert ornu ’u a mn s.’s.’ if no u unte r f e r enms. ’c is I s_ neseunt ,  I. I’S is s _ . u i s _’ i l l.i ls.’tI

‘v nun a m ia l v tm s _ ’ al s_ ’ ” s _ i s _ r s.’ ss iomm , SI’S is ti lt’ 1 s _ ro l s _ a I s _ i l i ty  s _ ut : is_ l s .’ s_ f uua tc  pt’r lo ni nm a nms. ’ s.’ nu lIlt ’ pi’i’xs.’ l ms _ ’ s_ ’ s _ s _ I

imm l s _- r f ’s_’ns _’ n ns.’ s_’ , S I’S is o hs _ tainmcs _ i  I s _ v th is. ’ ~upp fis _’ a tm on of ’ \ i s _ u u n t s _’ ( ‘ u r i s _ u  s un uuu l , t t u s _ s n m ,  RPS is tInt ’ r aI l s_ s
( s _ I  S I’S to ( ‘ i ’S , l ime s.’ii ts _’r ia f a n at i c q s _ m a l s _’ pt ’ r ts _ ) rm l m au t’e s_ irs.’ s_ lt’ l c runmmuns _’ s_ h Is_v tIns. ’ s _ i x s _’i s_ s_ h i s _ un  lit’ ss_ ’ ls
t his.’ llnrex im s_ ul d sa l s _ u s _’s s _ sf ’ (S +N I ‘S aims _ h IS+l+\ 1 ( 1 4  NI

\ f ’ter t Ine s_ ’ s _ u u u n h s _ s _ u t a t i o u m  s _ s f ’ enc hm u’s _ s _ s _ u s _ s _ n’ s s _ hs _’ gn : us _ im nng st-out’s , .1 pr i n t s _ i s _ u I  us e m s _ i’ll su mun nlhu , l n
1mg tIme i c ss _ u l t s  s _ i t  t Ime unmtcr t ’cu’ e mms _’e an a l vxs _ x , I l- ic u s _ s _ u s _ i C e  

~~~ 
s _ a l l i s _ s  ham ’ s_ ’ .us _ ’ ll m n ts _ ’mi s.’rs.’ i m c s _ ’ s m hs _ u ’

. ut is _ s _ ui arc p rs _ ss ms _ I t’ s _ i, N I s _ is _ st  s _ i f ’ t h e  S iN- NI)  s _ I u s l r i l s _ s _ m l m s _,su u us m Iss _ s i s _ ruu u t s .’s_ I
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6.0 OTHER LESS A PPLICABL E TECHNI QU E S

6.1 lE~ k’ ,-tP

lI-I N’l(’Ai’ s _ s _ a x deve lops_’s_h by N1s_ ’ I) on nu m chi s_ N i r s _’ raf t (‘otnnp nm m v Ion Ronni s_’ Nir I )s_ ’s s _ i s _ s p i l l s _ u t

(‘cnnter ,  It ix a connptitcrited aim aiv six progranu m for the im- i mph e n ucu ’mtatio n of I N1( ,uI all st mgi ’s s _ s _ I

:uum -Nut Force System ’s uk cr dc raum giulg f’rouim cou cepts _ua i stmadie x of’ new xysl s_’nil x (s _ tm Is _ s _ is _ i

modifi ca t ion of ’ old svste u u ’is , II- Nl(’AP prov ides fos_ ir :ui ’ia lv ’s _ s _ s s.-ap a is_ i ii I s _ s _ s  m ain s _ d y . sps_’s_’u f ii’ s_ I

tion geunera tion . s_s. :u is _ c n analysis. s_ hesign m ehna imge e s _ als _ unt ion . ant! f radeot f : uuna hv s i x , I lit’ ~s _ ns _ sg u .u i l i

~erI
’ornnis the foIlowiuig h~usLs :

It generates LM(’ spec ifications to ss_ u pp leunme nt or nep iace NI Ii -S I’ I)—4I i I s _ i l  Ni ii -I- l u  I S I

It assesses tine iu-iupact of these specil’ications.

It s.hcter im niu cs time effect of thesmg i m s_’ hangcs antI es _ aIs _ i a t e s  lIne Icasi t s _ u h i ty  s _ i f  ume s _ v s_’s _ snns _’s.’h s _ I x

It prov ities im uf ’ormat ion on design paraunic lens timat assist tine I \1(’ ins_ I s _ h s.’ s m gm m s.’ I m g mn n cs _ ’ n
in-i estal)i isiniulg a compatible sy s t s _’ ini s_ Iesigum anti in - i u i nakmug I r:us_heoff des_’ixio un s ,

‘I’ iis.’ program ix npp hi s _’able to grs _ us _ uns. l, aircraft , a nd s h s _ ,ucs _’ Ill lx ’~s_ hs _ ’ x~* s h i l ls , Ii set ’ l nn s I h i t

ii’ \i( ‘ NI’ umuav Es_c able to nna hv s _’e a sim ipis_oa rs.1 I N1( ‘ s i tuation .us well Is_ y s _ us uu mg time inns _ us _ it’ s_ s _ I

g ros _ uns _I xs xleuii .
l’imc ma inm f ’ca ts _ urex and i i im - i i ta t ionns oh Ih’NI ( ’ .\I’ arc l isted Is _ clu e s _ s

It s_ uses ii s _ s. ’ o rst—s.’~iss_ l dctc n n i- i in istmc a pp rs _ s a s _-h -

-N neceis s _ n  is mruot le ies_f :us a iinnc~ur des_ ice s s _ ’ I ns _ c i u mx u’cprs.’xe iu It ’ s_ i liv ’ a s_ Cuxs.’i’(s_ ul’s _ i hi l y s_ t i n ’s _ s .’ ,

‘I’Ine nnou mii ncar ef l ’es _ - t s  of ’ t Ime nt’s _ e s _ s _ e r. s s _ us.’ hn ax ncs_ ’ eis _ ’ s_’n i in l s _s_’ r unn os _ h ui l a t iom i  a ims _ h ins _ is ’ ,  m u s s _ s _ s _ I u mlat  i s _ m is ,
are unot considered in tIne pns_ sgr a nnm , It aiss_,u s _ I s _ s _ i’s not s_ ’oum s ms _ Ic r t ra ns umiut ten muu t cn unm o s. l s _ ul~m l  s _ s _ s _ l i

‘(‘he re ceiver  s_ id es _ t a r  ummos _ lel is based oum t l ns _’ ass i l unmpt u s _ nm s t In s _ i t the ‘ s _ im n mumns _ l I i s _ s un  s _ s f  m u

iumtcr f ’s_’remices can Es_c ne is_ rcse umted by a ( ;as _ ux si ann noist’, l int ’ t n , uu n s f e r  lm ,i nm c l mom m s _ s f  tIns.’ s _ i s _’ I s _ ’ s_ ’ l s _ s _ i

re lates t i- ic signa h— t o— mmoi s e n , m h is _ u (S NR) of tine m i s _ s _ mt to tint ’ s.le te s.’ t s _ u r a m ns _l t h mc S’S R s _ s _ I IIi s _’ s_ sl u l i ’s _ mm I

4 
s_ sI’ t Ine detector , s_v imere noise lx a sss _ ummm e s _ I ttu Is_ c ( ; s_ m s _ uxsmauu

‘l ime iuu tcrf ’ercn icc t l mn ’ s.’s l ms _,s i s_ i s_’r i terion ix s _ i ets _’ nuu m inms _’ s _ l I s _ v sh a lu s _ I:mr s. I  mt ’ s _ s _ u s  s _ i  ss_ ’ i ls it  m i m I  .111th

t i- ic s _ Ic Ie s _’ ts _ u r  tr a unxl ’cr I’uunct ioum s_ visit - In g ist ’s all aes.’epl:u t s _ l e SN R Is _ in  ,u s h i es _ mt mi ’s_ h I nns _ ss _ Iu u lal ms _ smu Iv ps_ ’
s _ i l  s_ i cs u neil smgum ~u i -

Ii’NJ ( ‘ -NP s_ - s_ sm - isis _ lens list ’ s_ u s _ss.l’.uia tu u um sls_es_’ tu ’ .s _ oh f s _ ihus _ l , umnn e u m h , 1 I  t nes _ i lu i ’ n i s _~ , m ums _ i l l , u r l l s _ s _ s _ I l l c s
s _ s _ I tm ’ au m x l l n i t  t in s ,

(‘ s _ , s _ u~s_ Iium g nms _ i s _ h e hs s_ ’ s _ i l l s I s I  s _ i l s _ , i h s _ fs _’—t s _ m— s _’s _ ul s _ l s.’ s_ ’ s _ u s _ u i s _ I m i ig ,  s_ l i l t ’ s. I s_ s_ s _ um ~s _ Is _ n g  I s . s _ s _ I I s _ m 5 5 s _ i m l  mn nu p s.’s_ l

,iilce I , ,nt n t e n n u u s _ u - l s _ m ’,luit cnm ui a c s _ u u u h i l l I m g ,  s_ .mI ’ h t ’ -to -aunt eunlm , u cs _ iui p hu mm g , I Is_ ’ i s _ i ’ I s _ s _  s_ ,ul~le s_ auip hu n mg , , i lu s_ I

c ,ms s _ ’ ’ I s _ i ’ i  1st ’ s_ - s _ n s _ u p l s _ l l g ,  N mu ss _ i i m i s _ i s l  s_ uss.’ lime ~s_ i’ s_i gu’ , uni m _ x u ipp I ms_ ’ tl s.’s_ u ip i u I i s _ i  i nns _ m s _ is _ Is  I s _ m m  s.’ s _ .mu uu p i s _ - .
there is i m s _ s _ s _ s _ ptms _ u u u Is _ sr tIlt ’ s _ i s i’i Is _ s s_use lums a u i t e n m u n : u — t s _ u ’ ,u n tcnm m m ,m s_ ’ s _ l u u f s _ h l i I g  s _ f , i l , m

)u sh v s_ sims.’ tiller camu lie s nn m tu l , u ts _ ’ s_ l I s _ s _ i s _ v t’s _ n i  t ins. ’ lu , iu i x tnu s _ l  I s _ i  I s _ i l  ii ’ s _ s _ I s _ t i  I il l s _ I t Il s _ ’ , i sss_ ~
s _ , m  I t ’ s _ I  , mmnts . ’ im ui.u

ii NI( NI’ s_ Is _ st ’ s ins _ st  t ’ s _ s l m s l s _ i t’ t  nmm u snm m , l l i  I m Iuss s . m ml s _ l  t i , l l i s i h i l s s l s _ ’ u l  lul ls. ’ I s _ m s s

s _ s _ u  us c  iii s_ ’ s _ s m m ,I uu ums _ ’ t m s _ s _ i m  s_ s. ’ m l lm i i  Ni( ‘ N h’ t I ns _ r i’ s_s. II I s _ s_ ’ .u ss.’ rme s s _ i f  x s _ i l s _ h s _ i s .’ i l ls .’nu t , u l  I l l s _ 5 s _ I s .’ lx

Ih iaf s _ s _ i l l  ~
s _ m s _ u s _  Is _ it ’ , u s _ hs _ I i t u s _ u um .u i  a um .u h v x i s  Is _ si i s _ I s .  n u t  I s t i l l s _ s . c h s_ ’ s.’ I rs _ s s _’’s. iih s _ ssm s _ s _’ t ics I s _ i ’ s , tums _ l su ul ’ss-

s _ i s _ i s  h ig l mtumunmg.  nln.mglm s. ’ t us s p lmerl s _ ’ s u i t i x l s _ t m i u n m s , , uims _ l s t , i t i s _ ’ t’lt’s_,’Ii’us.’iI\



N o m i i s _ u u s _,’ s _ un ninth i.NI m ea n—f melds ana lysis mmm dclx w imic ln wil l  s_’ inaias.’tt ’r i/e Ills. ni ps _ mm
output rei s_t t  mom s to nonl inear cir c uit s , I’ NI nes_ ur— t’ieid interaction s. s_ in s_ i am nte nmu n u s _ is _ I .pcrt mini ’
cos_ up ling s_ irs.’ is_ cing s_ ics’ c Is_ ipcs_ l for of f—hi m - i c  s_ use.

ftc progrs _ u umm s_ s hieing s_ ’a l id nted , ‘l ime rexs _ u l ts  of tIne vni id nti umn s _ s _ i l l  Es_ c s _ u sa mls _ uh s _ ic  s _ v m t h m mm u
s_S nmomm ti ms ,

6,2 COS IM-I

l Ime (‘OSI Ni-I prograun i s_s_ s _ us t ics _ eloped Is_y I I I Rise s_ inch I uu x t i t t u te  to ide uu t i f v  Ills.’ po ls.’in-
tin! ui mtenf ’s.’neuns.’e pis_sis_ lem s betwecnu tna n sunmitter —u ’ es _’ cus _ s _ n  pa irs . [on ens _ lu t ra ins _ uni t  ls.’n’ rcs_ ’ s_ ’ is s _ i

is_a ir . (‘OSI Ni — I  c \ s_ i n ni n m cs tI ns.’ trans un nitter l s _ mn dann s _ s _’u ital s_ m ud s_ up t i nm ’ os _ mghn t l ns _’ t s_s_’ s_’I f t i m Im arnns _ ) mm l s _
emission - I ntc rl ’crencc us xs _ um s _ f to rs_ ’ ss _ u ht w incmns _’ss_’r a t r s _ u unsnn l  it ted sig m’ua l Ins _ us I’s _ en f u u s _ s _  m s_ I Is _ s
s_’xcecd ti-ic uu u t crt ’crennc e th resh old for a res_’euver u un tint ’ s v stenmm , l ine i m nte r f s .’ reum c c Iiurs.’s l ms _ u I s _ I
mx s_ lcter nuin cd is_ y t ime suu rm s _ ut ’ receIver seuis _ i t us _ ’ i t y s_ unmd the nun s _ urgium NI , s _ s _ h i s _ h  s _ s s_in n i m p s _ u t  liars_ i nn-
eter sIs_ecufied ta r es _ i c i m receiver ,

N prum s_ mu’~ s _ i s ss _ u nu m p l uou n of (‘OSI NI-I mx t i - i s _ u t  Ills.’ ns_ - s _ s _- ms _  s _ ms  s _ m i t ’ i iuuc s _ ur ,  Rs_’s.s.’ m s _ s_’r ues l s _ s _s mu s s.’
l x  ts _ ukcn to Is_c i s _ r o i s _ s _ srt io mn s _ tI  to time u i ms _ ug uu its _ u s _ hs.’ of tIme sig m us _ ul: ic, ns _s m u h ines _ u n  s_ - I  It ’ s _ i s  ss _ ms _’I u , is s _ 1 s _ s _’ i
is _ i s _ us _ lung, ss _ u turs _j t uo un , s_ ins _ h iunt erun od tul at ionu s_ irs.’ nmof s.’ o m nx idcm ’ s_’s.I, ( )I lne r i i nm p t s ntaun l  i Nit ‘—re l s _ i I s _- s _ I
pars _ inn - ic ters nuot con is us_iered by (‘051 Nt— I  s_ire tu’s_ um ’u s mmmi t ten Is_ ns _,sas_ lhs s_ ind li s_ u ’s_ e - I ns _ u n smu um te l  i l - i tem .’
un - is _) s _l s _ u l s _ ut is _ ) um, s _ inns _i sps _ urm o s_ is s_ ’ u u Ius x l s _ m mi s . Rs _ u is _ is _ i s _ i m i a l yx ix  is s_ ’ om nx is _ is_’ rs _’d Is _ i  is_ s.’ s_ si - is.’ s_ i l ’ t ins.’ is_ n i u mme
ois _ jce tm s_ ’s.’x of’ Ihe (‘OSINi—I pr ogrs _ u num , t i nutorts _ muns _ i l e l y . i t rs.’x s _ m l ls in n an n s_ is s.’rx i nmi p l if ’m i ’s_ I s.’s_ , iI s _ u,u ms _ s _ i ni
of ths.’ po te n t u s_ iI ummterf ’crene c in s_ i gis’en c l c c tro m nm s _ u g i n s _’t s _ s.’ s _ m i s irounmume m m l

6,3 I SCAP

IS(’ ,NP s_s’ s _ us s_ ls_’se lo hs_ cd I s _ s Ss_ is_,- ims ‘ I rcctm m s _ u nm Ns xo s_ ’ us _ ulcs  s _ ui - is _ i ins _ us Is_ec nu lust ’ s_ h I s _ m r  ss_sh s  uum g
s_ s. mn s _’ - I * u— s s. ’urs _’ cos _ i p him ig hs _ ro l s_ lt’uiis , animolng s _ i t l m s _’r lim mui gs , I t s_s. ,is s_ Icsi gm n s.’d I s _ u i  gt’ns_’n.uI mmii i ,ms \ s Is _ ’ u u n

s_’s _) t n mps _ I t i i s _ i l i t y  s _ uum s _ i I~ s ix  ss~lnis.- Ii i n c l s _ us _ hes:

MIt -S I D-4li~), chec k of ’ is _ u d s _ ur s _ less _ gIn c i n s _ mns _ uc l s _’ n u x l m s _ s

Nil ! — 5 1 1 ) — I 55 13 . t’ h mes _’k s _ sf ’ s_ ’s _ mn m nu m ns _ u unus . ’ s _ mtuo m n cs _ i u u i t s _ u i ms _’ unt s_ hs.’smgui p s _ u u ’ . u uu ss _ ’ ts _’ is
Sps_’ ctm ’ s _ um nm s_) s_ t’ i l s _ up aims _ i i m mtem ’ f ’cn’ s.’ uns. ’ s_’ I s _ s _ u l c m l i . u i  lu ’s _ s _ m u li.lIm x i u l I I s _ ’i h mmuns . l a m u ms .’i n l . m I ,  I i . unm nn i mumis _ ’ ,

aum s_ I spurious ems l s s is _ s_ um s

Immler f ’cm ’ s_ ’ n ms _ - s_ ’ is_ ott ’ mn l i s _ u I  ll m m ’ iuuu g lm m’ s.’ s_ ’s_’ us ’ em’ s I s _ im i ’ us _ u s _ us, umn ts _ ’ nmmm s _ s i h u i l s _ m l l u u i s ,  .m nns _ f s_ i s _ u s ’ u m ns _ ss _ huu i s _ u —
t i m ni n’t’s ps_ s _ inst ’s

h unter fem ’ eums. ’e Es _ s _ s ( en u ms _ u l  s _ s _ i s _ me I s _ i met es _ s -i- u ’ I s _ s _c s _ il s _ ss s _ ’ iII s _ it s _ s _ r i’ ,ms _ im ,i l m s _ s _ u

Iu n ts . ’ u I s _ ’ n s_ ’ uu s _ ’ s_’ r s _ u I s _ ’ m m t u s _ u h  s _ h U t’ I s _ u  i , m s _ i i s _ u l u s _ i n m  I r s _ u m u u  i’ s _ mI s _ Ii’s , s _ , s _ s s _’ s , i l l s _ h . mnm lemu n . us s _ s _ s _ I s _ I s _ i l I u m !

mn nt o m n s _ s _ u u s _Icxugu i rs_’s_ ’ e I s _ ts _ s rs ,
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I’s_ ub ics 7—I  t l mrs _ ss _ ughm “—7 cs_ sunn p s _ m rs.’ SI \1( ‘ N, 1PM, I RI I) , s _ u u s_ l ( ( )S .N \I s s _ ’ i th m r es p es _ ’t to -s_

t he aspects of mode lm uug pimmiox o phu~ . f ls.’ s _ u l s _ u h m t v , d s _ u ts _ u Is_ , uxs _ ’ , umoises s _ u u n d u n t c r l ’cns_’m ices , inn ten—

f ’erence t inresimo ld s_ - ruterus _ u , ,ut ts.’ un s _ ua lion- i umno de h iumg s_ mind nun ts.’ unum a s_ ’ s _ ss _ u ! ul u um g, s _ mind Is_ r inu t s _ suls ,  ‘(‘ Inc
coniparusons s_ ire is_ s_ used oim tine d ls cL ms smol i s  preseunte s_ l j u n sect io ns 2,1) ti nr ou ug l n S II

7.2 SU\INI.~RY ~NI) (‘ON’l’E NTS

T u e i- ins _ mini fs . ’ s _ m ts _ ures  s _ i nn s _i I iunuuts _ u tu o u mx of ’ Si Nb N, II’NI. I Ri I) , s _ un - id ( t ) S . ’sNi s_ irs.’ s s _ umu i-

umiarized in tables “-5 t lm ro uug lm “- I I - I m cxc Is _ mi s _ It’s s_ ire s_ i lso Is_ s_ used aim time s _ i uscs _ ux s is _ smms is _ rs _’ss.’ n lc s_ h
in sections 2 ,0 t h rou gh 5 ,0 ,

I NOt  I ~— I  - PRO(; R. -NNi l ’ h h I l , OSUl’iI\ ’ ,

L)u,’ Icrunni lmi x l is _ ’ s _ u i  S t . umu suus. ’ s_ ul ,‘Np pm s _ us _ us_’Ii Rs.’s.’ s.’ u s t ’i \ is _ s _ s _ ls.’ Imns _ g

SI \I ( ’A • lnis _ ’ s_ iIi lp is _’ m s _ - ‘s_ l s _ l i m s l i s _’ ,ui s_ i~spm’ iu s _ u c hi • l)s.’m s _ u i l t’d uu iod s_’h s_ i l ~s_is.’l m ms.’cs_ - is _ s.’i Iuu nii ’ uu s _ uu us _ u h

• (‘s _ iuu si s _Is_ ,’r s _ s _ nm is mn ms _ ,”,mni s_, u i u s _~ s _ u nm d a Is_ u i I s _ is _s_ s _ k

is_ s_ u i i’i)I’

IPSI • t)t’ us _’ m i l u m m l u s i i c  s _ u ppns _ ss _ i tim • ~ ‘s_i ’ ss_ ’ lusi m u s u m \  , 1 ss_ ’ is_ ’ s _ l m i m l s  , ,m i ms_1 Ii s~h s _ ’c-
m i s _ m i S  s_ sf ’ I s _ c s _ i s _ s _ u

• ,‘ \ i s s _ s _  list’ da ms _ u s _ i t  RN, 1NI , s _ in s _ s _ I s I s _ u l ! l s _ s _ I u S

I s.’S ps_ sl n s_ s.’
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• I l s _ ’ s _ ) I l s _ ’ Il s_ S li nus _ s _ I I’is.’ ill Nil I‘ s _ I l  Ii ills
• Il , s _ s _ ,m h,l’t ’ iu, us l s l ’ s_ ‘ s _ i, ’ s_ ’ s _ ( I l I I ’ i i l l s _ ’ I l I s  s _ I l l S II lx

s_’ s_ us _ mi p i us.’s_ um s _’s_ l I s _ s _  ‘s i  u I’1 i’s _ li 
~ ,l u,u h i s s.’ I s _ ’ s _  ,m mit ’s_ s

e s _ (s _ m ipi in t’nm i

• I’ s _ s _
~’ i , i l l l  Is n u , s _ I  s_ i s _ s _’i u m l i s _ ’ . l s_ l I S t ’

• l I s _ s _ s _ x  m is _ I s_ ’ s _ s _ i s _~id s_’r li n u s _ imm s _ mus _ l i I s _ s _ s s
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‘FABLE 7-10, SUMMARY AND (’ONIMI NTS TRI - I ) ,

Ni s _ u u ms _ fe a tures Li m mu ita li s_ sn s

• tX ’ is_’r nmiunui s tic approach S t u ics_ n im npieic I s _ C t’s _ s _ c l’ n n us_ s deIlmi ~i

• t S ’ dil ud l s _ ’ eac ll F i t s _ is _ s .’ s _s_ i  i i n (enfe me m nc e ss. ’F uara neis S A coun n hus _ ute r progn’am m i us s t i  II, hs_ ’ devs.’I s _ s _ i s _s.’s_I

S I’s_ s.’ h-1 \ Ins _ Is _ s.’ amnd s_ 1s_ ua s i ’ m n ni n ium ms _ m n u atn is_ usp lne ric • L.innniied s_ ’ i unp mn ica i s_ l , s _ i a
n s _ s _ ms _ s.’ as thre shols_ i rute n ia S Ds_ ss_’s m i s _ i l es_ suis i de r s _ ! s _ s _’ s_ - I  lcci s s _ s _ i p a s s _ u s _ s _’ s_i s_i s_ Itt ’

• i’Is.’’s_ mhle gemuera med tNt uinam l’ lnhade is _ l i S t ’ , ,hl ud I u s _ x I S  hs.uli

• t ss_ ’ eu s _ mpu nms _’ s_u I da m s_ i S l ) s _ s _ e s _ mini s.’ s _ s nu sm dcr mislnnali’ In i s _ s _ s _ s

• ( mi u i a u s _  mIm e res _ 1 s_ u i rs _’d auuuenuna cos _ up linug vaLue

I ,-NB L I-1 7 - I  I ,  SI M\I NR’s_ ’ N\ I) ( ‘ OMMI N I S  (‘ ()S \ M,

N i s _ mmum i s _ ’ : h l u u m s _’s I.mi nn m l a l u s _ u u i s

• S b , s _ l u x l l s _ , u i  , i i s _ l s _ l s _ s _ a c I l  • (‘s _ s _ m uss _ d in’ lm ’ am usnm u mUci bi ’ s _ s _ s _ ud l is _ mmu d ms _ s _ us _ s.’ ,ux a

• I luresl uuld s ais _ me min s _ u~ be rel a ls_’s_i It  -NI amid d u is.’cu Ill It ’ l l

Eli: [I S Ns_ s_ i  s_ up~uiicabIc is _i a C s _ C  I s _ s _ i  s_S 111d m I u , ux s _ s _ made-

• Smumn li u m a li oum oh ililc i Is.’ I s _’ lm s _ ’ s.’ i lls _ S s_’is i,is_ ’ i I s _’ I s _ I I s .’ il 
s s _ i ’s.’d s Is_ i l la ls s_ s_ ’ullm d ul fe n ’s.’uni nmu s _ ids _ ul s _ mlI s _ s _ ni l\p s_’

by all tr a ui smu - i i t ie rs • () mm Iv mm lii , \N I, s _ h f  t N t , s _ m m m d lit ’ ‘uSEt s _ s  s _ i i’ s _ i t s

• N s _ s _ u s _ s _’s aund mm m e l  I t  h s _ ’ i i s_ ’ t s  ,i ft mu s _ s _ Is _ l c d u s _ s _ c  bs.’en cs _ I i l s i d e nes_ I

im~at I ne m n iaims _’ ah is _  S \ i t ten uu us _ i  s_’ s _ l s _ i plum lg , i i s _ t s _s_ i u n l i u n m us s _ i s _ i t s l s _ s_ u lns _ mb le

• (“ s _ s _ umsi der Ini isnul s _ i ls_ ’)I s _ s _ s _ s  bs Flit’ s _ u h u l uis _ s _’ ntmo J m s _ i l  S 0 s _ s _ s _’ s u s _ I l  s _ s _ I l l s _ I s _ i s _i n u t ’  s_’ I I s _’s_ ’ Is s _ s _ s _  I s _ a s _ s _ m s _ s .’ uns.’n l —

a il s_ s _ f V hs _ in c ~‘ irs _ s _ gm’ a i nn s_’ ,mils.’d TEl \t ’ i e i s _ u I s _’ s_l N, I l l s _ IS boll, amid mnn a i n ’ n u n, u s _ i s _,’ ns_ s lse

• l’ i s _ s _ s _ I ,H l l  us m i s _ s _ I  s _ u xs _’i u ul me l , l s _ ’ l u s _ ’ c

• Ns_’ s_ ’ s_h ,i s_ s _ s _ i uiu d cuice iiils _’ i s _ , ii Is _ lu  i h i s.’ ‘us snenns
i’s.’ i f  s _ s r nuna ui cs _’ St ’ s _ I l  s_’
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t’t,() I’RELIMIN NRY IV AI,U N I ION

~il INTROI)UCTIO~
This s ect ion - i  Is_ e s _ em i ts  s_ u pu’ s_ ’Ii n n i uns _ um’y e s _ s _ m i s _ i s _ i t s _ s _ s _ m u  s _ s _ I  h u e  e\m s ls _ mtg s _ v s _ ten - in i m t e r s _ mc t io m n s _ m ns _ ul y-

s ix t c s.’ hn uis _ i s _ ts.’s, l’ine funs _ m I  s_’s _ ’ ,m luu s _ mt iomn s _ s _ i l l he repo r t s_s _ i  x im t s _ s _ e q s _ us _’ m m h lv i s _ i  thus. ’ s s_ u l nn l s _ I e is_ u’ o hl s_’ mu u s_’ xc n—
cisc s _ ui - is _ I s_’nFl b s _ i rus _’ s _ ui lrm s _ s .’s_ tugs _ u tu t ) u s xs_’ lm s.’ds _ uI s _’J Is _ s _ i ’  eo m np le t iomm s _ ut t ins. ’ e um s _I s _ I l  lbs.’ I ~t m ’ Iu  t rs _ mm m s i h j o mn
q s_ u a r te r ,

“l ine s.’ s _ , s _ i s _ m s _ lt io i n s_’o h ns _’cntu’ s _ I I s _’ us _ on time ds.’ s _ e lo p m nns. ’ h i I  s _ sI  s_i s _ v  s _ l s_ ’l il i ’iIt ’i’~u s_’ t I s _ uIl s _ oi s _ ui y s _ I s  s_ s_l ~ ’,l ’

ls _ mIs _ l~ for eOuummnu s _ u um i e a l ls _ i l n s , i s _ i  , im l , ml v’ ,e s _ i proposed xv s _ I s _ r n  s_ is _s ign  I l l s _ s _ I l l s  i n s _ u t  oum ly Is _ s p u s _ s _ I s _ I
t ime prc lmnuHns_ i ry s_ S xis _ i l l  ls_ er lo n uu s _ m n s.’c hs _ u u s_ uls o I s _ h  udc u i t m ls  s _ uul ~ ~s _ bxs I i s _ Is _- t i e l s _ s .  s _ i l l s _ i s _ s  inn the s.I s _’ xugi u~
On tine h ’ s _ us _ i s  ot tIne rc ss _ ulm x of time ,m uns _ mi vs i x , s _ i s_ Is _”s _ u g i h s _’r cs _ in c il s _ e r fu n nd  I’es _ ms i l s _ le  s o h s _ u t l s _ i n u s _  to  Il ls.’
pnohls_ ’rns m d e u m t u l m s _’s.i or m is_ ike tu’ s_m dc o f’I’ s_ ts.’s_ ’i~ ions, II s _s  lmo is_ cJ tIns _ mt  the s_ i e s _ mg m n gos _ mI s _ s _ h  , is_ ’ s _ s _’p i , u i s _ i s _’
s\ s t s _’in perl ’o u - n u us _ m i - iee s_’ , ii n Is_ s.’ rs_’s_ us.’lncd t im no s _ ug hn t Ine t e n s _ m I s _ s _ c  s _ mti li ,, s _ m t io m u of ’ this.’ s_’s _ u u s n ps _ m t s.’n s _ / s _- s_ !
s _ mnm s _ m I~ su ” s_ p rogrs _ m mln s _ mu - is _ i the s_’ n u t m s _ n s _’ s_’i’ s _ m ug ,i s _ m s _ lgun ui’ un (  of ’ h is.’ s _ i s _- slu,n s_ ’r ,

Oims _ ’s_ ’ s_ u s’s_ ’ ’- s _ teu u n mi ters _ i s _’ tuou - i  s _ i m i s _ u i v x ls progns _ u nmu hs _ s _ x ht’s_’n s _ i e s _ s _’ lnped . inn s _ uds . l u t ion  10 h i s .’
s_ ls_’sngn of a um c s_ s. ’ s lop, it s _ s _ s _ n i  hs_’ s_ uses_ I t’or other p s _ u r I s _ s _ s _ s _ s _-s s s _ i c im s _ is :

l ) e s _ e lo i s_ s _ n e u - it s_If e s_~s _ uipmnus _’nI s _ p t ’ s _ i l  Is_ m I l l s _ I s _ s

Svstc iuu is_ root ing for sh ip c Is _ uss t iesigni s _ m d  s_ uc ec p la iu s _’c t est

Nlos _ I i I’ s_ ’s _ mt j s _ ,un oh’ e\li ’s _ I i uug s_ s_ s_ s_ x i s_ inns  s _ h s _ i n iuug s hui 1 s_ uu uo s_ ls.’ r mi i , s_ u h io n

l)evc lopn nnenl s _ sI ’ gs.’nc’r:uI II ’ s.’ s _ l lu’ ‘ ‘S n l s _ u n s _ mgc n n s _’u nt g s _ u i s _ 1 , i m n s _ s _’

I l iux cs _ ’ s _ m I s _ is _ mt i s _ um m s_ vi i l  is _ s.’ n u s_ is _ l e mu’ s ts _’rl uus _ s _ i l in u s _ ut l e i i i is_,s_ p i n i l l ss _ o l s_ hy ,  I1e-~s _ j l s _ i l i I s . ’  s _ l , lI s _ m i’,us_ t’ ,
I n s _ s _ I s _ s _- s s _ mn - is _ I  mm u tcn t ’e r e u m s _ s _’x , m m i h s _ ’ r f e reums. ’e llnrs.’s luols. I s.’ r i ts _’ u’ms _ u , s _ uul I s _’ nuui s _ u uuiode l i n -s _ g s _ i n s _I s _ i s _  u s _ m s _ u i l s _ i n n
urmot lehin ig, s _ i s _ i u,i I s_ r i m - i tt i s _ u Is ,

t’i2 Mof )E~LI ’Su PIIILOSO I~EI\

I ii s_ ’ r’s_’ , l I t ’ t h nree x i s _ I s _ s  mu l line 1 u i ’ s_ s _ s _’~~ ’
, s _ u I  s _ h i - s u g im in mg s _ m u  , m s. ‘ p I , m I s _ Is _’ ness. s _ s _ x I s _ i n’ m in i ’ I 1 is _ ’

s.l us. ’ t i s _ s u m s _ s _ f’ pns.’ I iu iu muu s _ ir~ sy x I s _ i l l  i’s _ i  I s _ u r i n i , m n is _  s . .  lime us_ i s.’ n m l i i  s_ I l l s _ i l l  s _ u I  s _ s 51d m- i s_ I s_’I’ms. ’ us _ ’ s _ n s _  es s _ mans _ h uIm s _’
dh u n u l l l , l l Imu m m s _ sI  t I l t ’ s_s.’ s _ i s _’ lI s_ ’i s_ ’ Ils _ ’ l s _’x , ‘s_ ‘ ‘s _ s _ l , l i l s _s_ ti lt’s_s.’ s_ It’ s _ I s _ s _n s _ I s _ p s  s_ mrs. rs_ pe l t s _ - s _ i  u m s s_uu ’ s _  t ime’ I i s _ n t ’
s_ i f ’u ums _ u l t ic s _ h is _ i l  s_ ill Is_ s.’ i’ s _ h  iii’s _ h , I Ins _ us , t uu l l i ’ s _ m I ni1 s_ ’ s _ s _

~~i s _ mm - s.’ l u l l ’ s _ s _ i  ms _ l i n t  , l s_ ’ t i l i ’s I s _ i  i’ s.’ t’s _ ’ i ums i tlci’ s_ ’ s _ I 1 m m
liii’ tlev els _ i s _ mnns. ’in t s _ s _ I’ s _ I  s_ S s _ I s _ i l l  m m n u s _ ’i - f t  s _ I t s _ s _u , ui i , uls. s_ i ’ ’ l ’ l s _ ’ Cm . 1111 ,

l i l t ’ s I s _ i t i s l s _ s _ ’ , u I  s _y  x ts _’iln m us _ s _ s _s_ Is.’ hiis _ u , s _ , l I s _ I ’ I s _ l, s _  h I s _ s _ I s _ I I i ’ s _ s  _ i i _ i s _ u t  s_ It ’ s _ m I s _ s _ i  s.’ s _ s _ i m l I s _ iu I s _’i’ I iu n me ,
cs _ p s _ c s _ s _ i l l s  s _ s _ h s _’n M s _ s _ u s _ s . - ( ur i s s m s _ u n s _ u I s _ m n m s _ s _ i i  mx s _ : i I s _ i n m i n s _’ s _ I .  ~ u u t i l t ’ I s _ I l l  ‘ u  I n , mi u s _ l ,  t l ms.’ s _ s _ s _ l m ~~I~ c, uxs _ ’

s_ h c t t ’ n imn lm u m ’ s _ t i c  , I I i P I ’  s_ , I s _  is ns_ i i s _ us _ l  s _ is _ i s _ i cs _ s _ s _ I- s _- f It’ s _ I ms _ c,

• N s _ l e t s _ m ules _ I nt ’ s _ s _- i s _ s _ n  u nm o tl s_ ’ lm ni s_, i us t s _ s _ I  i - i s_ ’ t ’ u,’ xs , m i \  s _ h u m ming tIlt ’ i’ s _ i t i’ s_ s s _ s _ f  s_ hs _’s m g l l l u n g  ,i i i s _ ’ s _ s _

s.’ s _ u u n n u n i s _ i u m m s _’s _ uI oiu s _ \ ’ s _ t s _’nn , I lit’ ii ’ s _ s _ I s _ s _i’ n u ss _ s s _ I e lhu m g , l l s _ I s _ ns _ u, m s _ ’ lm u m ’ -s _ s.’s_ i i ’ s _  I I’l~l I) mx r,m pi s_ l s _ mu - i s _ h  s _ s _ s _ s .

ef I s _ ’ c t i s _
• I los _ s. i’ s _ c r , s_ s _ ’ i mcmu s _ mum II - 1 ’ j ’ i I , u u s _ i s _ ’ pi’s_ ’ h i u m m n n . m m \  s _ I - s I gh  is s_ s _ I

~ I , I h uI i ’ s _ h , t l i s .’ i s _ ’ ‘ s _ I ns.’s.’d I s _ u s.’ s _ , m i u m
s _ its. ’ t l i s _  de”s _ m ’ ’ i u  u n s _ srs.’ t i i s _ i r s _ s ugiiI~ l iii’ 1 s _ I I I  s _ s _ s_ s_ s_ ’ s _ i l  t I ns i’s ,u I s _ i , i t i u , u m  mx I s _ I  Is_ n i’s_ i t t  the t ’uu m , u I s s _ s _ s _ s _  u m m
ps.’ r I s _ s ru m ms _ u i is _’ s.’ Ini Ibis s _ s.  ‘ Is _ un l’s. ’ I s _ s r n n m s _ l i l s _ s .’ prs.’s _ tms _ I l l s _ i l  I ’ u 1 s _ s . ’ i , l l i l , liii ’ s I s _ m t i s l i s . ’ , mi 55 s I s . ’ m i l  i nm s _ s.Is_ ’ i
m u g  _ l h s _ i ’ i s _ i,l s _ ’ii i s _ i s _ I  th is . ’ s_ ls.’ I s _ l m lt ’ s_ I It ’ s. t ’ I s _ l ’ l ’ u s _ m s _ s_ s_ I s _ ’ I m ng s h l s _ s _ I I l s _ l  is_ s. ’ s _ s _ s _ s _s _ I  I Il s _ ’ 1111 , 11  s _ s.  s h ill I s _ s _ m I s _s _ m i l l ’
, ilI s_ ’ s_ ’ s _ s _ ’ mlI 1 s _ s_ ’ es_s _ pis _’sss_ ’ s _ I ii I s _ i  I I 1 s _  s _ sf  ,~u I m s _ ’ I u i , m I I s _ l m m  m n s _ hs _’s i i s _ s _ I  s _ s _ s _ I t s .’ s_ ’ s _ s ! i n l s n u u m l l s . ’ , m t u s _ n n  , m i ms _ l I s _ u t  s _ i  h I ~ i
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rs _ ut e Ion s_ l i g h ts _ i l  s_’s _ snn mn s _ iu mu s.- s _ i t iomm s_ v s _ Is _ i n s , NIl s_ upj s_ roas _ s_’i u sin — u s_ in to Si M ( ‘A ix s _ s _ u i t s _ m l s _ I s _- I’s _ s _ n t h is
ps_urpose . lIi c SI \1( N Is is_ c ’ s _ i t s _ p r o s _ u s _i l s _ s _ s _ I s _ l i d  s _ ml xs _ s _ Is_ c s _ u s _ cf ’s _ u i I s _ in the ot her los _ mr Is _ un l ss _ s _ ss.’ s is _ t i’s_ I
inn x s _,’c t j Oin 5 , 1 -

5,3 F L E X I B I L I  I ‘m

Ds_ urung t ims. ’ xv st em in s_ it’ s_ mgi - i s _ ts _ mgs.’ , s_i highly I’le\iblc s _ m m i s _ m i y x m s t s_ i ogrs _ uu- il Ix m i s _ es _ i i’ s_ I s_~ l i l t ’s_ i l ls

ot ’ s_s_ ’ hmie li I lls. ’ l s _ x s _’ i  s_ ’ , s _ 1i  in m (cn l ’s _ is _’e s _ s. ’ i thm t ime s.’o n’ s _ I s _ s _ i t e r  I s _ i  p I e s _ i s _ I  1 I Is . ’l ’ I s _ ’ is.’ i I s _ ’ s_ ’x , Is _ u  uds.’ m n t s _ I s.
dcl Is _ ’ i s.’ s _ I s . ’ s _ d x , s _ mu m s. i to mnms _ mke I ns _ I t hs.’ol I tlcs _ ’m si o us s _ ,

Nil s _ m i i , m l y  x is ~s_ u’ogu ’s _ mum ) is s.’ ns _ is i o m nt’d wl nis.’Im us s.’omnpm’used s_ ’ sss.’ I u I u s _ i I l~s_ ol s_ u i t i s _ I s _ s _ ’l~s_ s_’ s_ O i ’

nut ’s_ le t I  h is_ u’ s _ m y ol s s _ m b~s_ rog rs _ im n - is _ or ros _ u t i i n s _’ s_s_ ~s_ ro gu’ s _ in ui usne s_ i on s _ s _ i l~ Is_ Ir g s.’ — s _ s_ s _ i l ,,’ s .h g uh , u i  s.’ s_ .uu un l s _ s _ u t s _’n
m s _ s _ s _ s _ s _ s _hIs.’ Ins _, smil ,i t in ne—s lis_ ure teru n in s_ u l ,  ‘l im e s_ s _ uu is_~s _ r s _,sg r s _ s _ nn I I) I’s _ i nn n is _ mts  s_ s _ s _ s _ s _ u s_i Is_ s.’ s_ is_’ s s _ g m s _ s _’ s.I ss _ u  I l - is _ mt

t Ine os _ i tps _ mt s _ i l  Omi e pns _ ugrs _ uu n ix s_ i eee pts _ uI s _ lc s _ ms i l i i s _ s _ mt  to another , h hu s _ u~s_ s_ u l i owimmg tIme s _ i ss _’i ’ I s _ i  s _ d i d

‘ l uc ,u p hs _ rs _,s i u n is _ i te s _ s _ s _ h p m s _ i g r s _ u i n n x  to I s _ s _ il ls _ I s_ un s _ s _ s _’ rs _ m ll e oun ’ s h s _ s _ uteu’  pr og rs_ iIu n ts _ ) ins _ ins _ l it’ s.’ n ns _ i —t s _ s — s _’ ns_ i
nu u s _ m ts _ us _ ui i m m t c r l s .- re i ms.’e I’s u’o Is_ ien ns ,

,‘Ns_ id i t ionn s_ ul i y,  the ss _ ul s _~s_ rogrs _ ui - i - ix cou ld is _ s.’ s _ i t i h i es _ i  s_ ms ts _ ts _ lflti— s _ Ii s _’Iis_’ m o os _ Is _-Is Is _ u ,u li s _ u s _ s. t ins . ’ —
u s _ s _ s _ i ts _ u I s _ i l l s _ i t s .’ s _ mm l , ps _ i m ’ t i e s _ u I s _ ur  u s _ i s _ s _ s _ I  s_s f ’ s_ u is_ urger lu nohiemi n, I ild f ’ie s _s _ i I s _ l l I ( S  s _ mi - id l InU s.’ s_ , u s _ ing’s_
s _ s _ l hs _ s _ r tletl i s _ s tinis s _ m i s _ I s _ n’s _ is _ is _- hi n i- is _ ike It ps _ u u ’ t i s.’ uu Lum’ i y s _ i s _ s _ I s _ i l  j u l 1s_ , m r , m i t m s _ ’ t i ’ us _ xIs _ s _ s _ Iii’s: 111,11 us , s _ u hxs.’ n s _ log
lime res _ melmo i n s_ il s_ i  s _ e iectes _ i  b s _ s _ l I ’ u l i neter s _ m s s_ u f um nc h iohi of ’ ct uit noff e i I s.’ hs_ i ni ge s_ Ii u,sm l e s_ ui m is _ i r s .’ s _ , I I

s_ u t s_ ie x . s_s. ut h i  tI me reunms _ u mi l uig s_ s _ lnus _ ii ’ Is.’x h eld l u ’ s_s _ s . d .  i o u’ s.’ s _,, muimp le, t ime  ~s _ n s _ s _ g n s _ u lnm s _ s _ s _ s _ I l l s _ i  is_ s.’ s_ ’ s _ i s u l~ i’ s _ s _ I l

t ’igt irc d liv Ills.’ s _ uss.’r ho Is_ s.’rlonm n s_ uli.ll ~ s _ s _ s  oh t he t~ ps. s _ u s _’ s_ ’ s _ il I s_ i i lis _ i ned In tIme I I-~I I m s_ f  s _ i s _ lIt ’s s _ s _ I’ l n (
eornrn s_ m ni s_’s _ ulis _ His _,

,\ per lor ins_ mnn t ’s_’ prs_ ’s _ 3is.’I ion Js _ r ug rs _ mn ns is i’s.’ s_ i u is _ i ’ s_’s_ l nns _ m un ly i s _ u n  t ime Immi s _ m I  s_~s_ sts.’ nm e s _ , i i i i s _ i h i s _ s _ u u
It is mmot l i e s _ s _ s _ s _ s _ i i ’s ’ t hat it be i m ntc r s _ ut ’ t u s _ ’ s.’ , hs _ ut it m ims _ m y h a s_ s.’ s_ ’ s _ u n uos _ m s _ l m u I s _ s _ l t ’ o s _ u ( l s _ s _ u t  s _ s ptmol ix ,

5,4 I)N I N BNSI

I Ime s _ i , u l , l  i s _ s _ u s _ s .’ s _ u t ’ t i l t ’ l s _ r s _ i i s _ u i s _ s .’ if s_ ’ s _ s _ l I h i s _ u lt s .’r ~s _ m’ lig F s _ m l l 1 s  s _ u S  is _ s.’ s_ s _ i I , u u i us.’ s _ I f t ’ s _ s _ i l l  t l u s _  i x s _ ’ s _ s _ i  I l ls.’
s . ’X ls t i l ig  s_ ’ i uu i ip s _ u ts .’r i s _ m I l g r s _ m ih ls _  s s _ i s _’li s _ ms _ Si \ i( \ , Ii’\l , s _ ui - is _ i  ( ‘ o S  NM a ims _ I I l l s _ i l s _ i l ’ I RI [I Il~ s _ s _ s _ s _ s _ i,
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