
General Disclaimer 

One or more of the Following Statements may affect this Document 
 

 
• This document has been reproduced from the best copy furnished by the 

organizational source. It is being released in the interest of making available as 
much information as possible. 

 

 
• This document may contain data, which exceeds the sheet parameters. It was 

furnished in this condition by the organizational source and is the best copy 
available. 

 

 
• This document may contain tone-on-tone or color graphs, charts and/or pictures, 

which have been reproduced in black and white. 
 

 
• This document is paginated as submitted by the original source. 

 

 
• Portions of this document are not fully legible due to the historical nature of 

some of the material. However, it is the best reproduction available from the 
original submission. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Produced by NASA STI Compliance and Distribution Services 



n.1392 
CCD ARCHITECTURE NR SPACECRAFT SAR IM.AO£ PROCESSl.NG'"' 

W. l!; . Aren• 
Member of the Tc<:tutlcal Stall 

Jet Propulsion Laboralory 
C;ali!rnni.a lnatlt.utc of Tct'hnology 

Pandcna, Calltornia 9 1103 

Abatract 

A real -time •ynth1ulc apertvrc radar (SAU) 
im&gc proccutna archllec:t\lJ'e .tmcn~ble to futurc 
on-board •pac•cra.ft applkations i• cuTr cnUy under 
development. U1 ing 1tate-0C-the- art c:M rgc ­
coupled device (CCD) technology. low co,t and 
power iuc inherent leatu.rca , Other characte ri1 tic• 
inclu4e the ability to reprogram correlation rcfer­
enc·e. lune.ti.on■., cor rect for range migration, .i.nd 
compen,:it e for antenna beam potntlng error• on 
the apacecr,1,ft in real t ime. The Hut spac:eborne 
de.rnonatration i • scheduled to b<e fl<>wn •• an ex ­
perlm,tnt on a 1982: Shutt le im:1 iing radar m i•aion 
(SlR-B). Thle paper dcacribe• the archite<:tur e 
and i.mptemen.tatl on charactcrl•tic• of this initi.al 
&paceborne CCP SAR lm•ge proccuor . 

I. lntrod,yctton 

Syntheti c aper ture rada r (SAR) im.g• p rocc• ­
IJl,ng is inherently ve ry complex. 1n •p.i.ce appll­
c.atlona it i• further compl lcated by such factor• 
a11 pbneta.ry r olaticn, atmoapherlc rdrac tlon, 
and ~nge miannioo. Howe ver, prevloua re•••rch 
and develop ment FH=tformed at the Calltch Jet Pro ­
puls ion La.bo:--alOTy (JPL) in.d ie&~ that it ,. {oa­
i ble to develop a spaC'ec ralt real-t ime c,n-board 
S AR pToce611 i.ng C;a,pability using charge-coupled 
devke (CCO) tec hnoloay. I, 2 A puclical on-
board pr ocet.a ina capab ility coul d s ignificantly rt'• 
d uce the datil rilte ilnd volum.e requirement& cur • 
re.ntly limiting futu re minion cb.p.abitity. To pur­
sue t hh p<itent ial bene.fit, the Olfic:e of Applications 
(OA) and the Olfice o! Ac:-Onilutk• and Space Tech­
nol ogy (OAST) of NASA Headqua r ters are jointly 
fundina a pToar a.m to pToduce a Developn1enta 1 
Model SAR PTOCeUOl' {DMSP) u ,pable of pToce•­
• ffla: •p.i.cecnft SAR data in r eal time. It ahould 
be ao ted that the DMSP t.sk r•preunte only a part 
or a much laracr 1001-rangc devc\opment program 
to produce a s uitable on•board SAR proce••lng 
o pa.bility in ti.me for SAR m luion.e U, the p,erlod 
from 1981 to 1986. The DMSP iuell will be a 
ground -1:µsed brc11idbo.a.rd •yate m <-apable of demon• 
strating both an ;uchit.ectu.rie: an-d an implement&• 
tion t e chnology th.u l• amet1,able to on-boa rd appli • 
c1ttion, . It w lll utt SF;ASAT• A data ;u ll tool fo r 
dcmonstratlng t ht- real•time p roccuing of 4.100k 
SAR data over a 20•kilomctcr s wath IQ ZS• ntietcr 
recohHlon. F urthermore. the DMSP wlll provlde 
t he l-C t:'hnica l ba.si• for the development o{ a 1982 
ShutUe lm.aai.aa Radar {SlR - B) on-boe.rd image pro­
cieuor experiment-. Tbla pa per de, cribea the 
performance requir ements ;t.n(I implernenta.Uon 
a.rc:hitechlre tor the exper imental Slll-8 on.-
boa.rd procea•or. 

U. P r ocuaing Conatralnta M • _<]uidetlnu 

Data Sy•tem Deacription 

A block diagram tor the- propoH d SIR-8 on­
boa.rd SAR data handling .•y•t.em l• provided ln 
Figure 1. Re!errlna to F iaure 1 , thru radar data. 
channel.a (two X -bahd a.ftd one C-band) wUI be •i• 
m ultaneooa1y a.ccommodit tc:d . Therefore, a SAR 
data lnterface unit c:.a.pable of prepr oceulng all 
thrc• channele almult.an.coualy m.-..,t b& provided to 
prepare data Cort.ape alouge , Due to Che larae 
vol u.mc of r equired d.ata, bi1h del'lelty tape (HOT) 
r ecordina i• r cqulrcid. It l s abo noted from F is • 
u re I t hat a real-time image proceuor, capable 
of proce■ elng SAR image• hom HOT t.apt. for ­
matted data for a.ny ndar chnnel, la also lnelw:led 
onboard. Aa no,ed puvlou• ly, lhl• reprennce an 
cxpcrtmen1 whlch la put o{ • <-u.rrent rueuch 
and advanced devdopm•nt (.R/AD) pla.n. for real• 
Hm.e on -board SAR proceuln.g dev-elop~nt. 

Radar Syatem Dulgn Valuu 

The aa•um,ed re.du ay•tem dulgn ..... luea a p­
plic able to eatabliahi.ng the nec-euary SAR proce•• 
•in& de el.gn para.mete rt are tabulated ln Table I 
for both an X •b.i.nd and a C•band rada r . Re!errina 
to Table I, il t s noted that three Operating modes 
for eilch r;1.d1tr are defined, Theae c o rreapond to 
look .inale, of 150, 470, 1nd 60°. For each look 
anale, it i a as,um-cd that one X- band rada r (with 
dual po1ari$ed recceptlon) and one C - band radar 
will be Of)t" nli.Onal re,ulting i n three data c hannel•. 

Certain r•d•r ~nmeter , . a uch •• tran.srnluer 
frequenc y. have been ,elected a a t YPic al fo r the 
pur pose of utablhhing 1tnd eval~ting a dulgn 
approach. The capiil.bllity to ace ommodete m odente 
change• in cheui aaaumed va.1ues b b,cina allowed 
for i n dcv,c topi.ng the data system dcdan approach. 
Othe r value• i.n Table I. such as range bandwidth 
and iwath wldth, have bun derined to op,tlmiu 
the r rcx;,u slng implementation rath•r than what le 
t he<hetic-ally poulble. For i n~t:.ftc~. the range 
bandwidth b held conttant tor .,11 mC!du to that 
only a ~inale umpling freqo•ncy wlll be requi red . 
In Hkc manner, the swath width i& eboten in o rder 
that the number of required data ••mples i s the 
um.e (or each r a dar for any glven OperatinR mode. 

Radar P r oceulng Pl.rameter• 

The proceulng dealgn para meter. !or both the 
X-ba.nd and C • ~aod radars tor each of tht' afore­
mentioned three oper-atlng mode• are defined in 
Table z. Rderrut.g to Table 2, the required reao• 
lution. for the ,no a.nd 600 med.ea i a nominally 25 m; 
while , the nominal r e aolution r equirement for the 

• • 1"h~ p:.per p!'Uents the rc•ult• o( one pha•e or r eaear<:h <:arrled out by the Jt!t P ropu1•i on Laboratory, 
Calt.forni.a, ln•tltute o( Technology, under Cont r-act No. NAS 7- 100. spon.aored by the National Aeronau· 
He,, and Space Adminhtratlon. 

c.,, .... o ,._ia., .... .,~ ... in..s 
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Fl!!iu ro l. On-Boa.rd SAR. Dil.t.l. Ha.ndllnt: 

15 ° mode la Dl\ly 75 in. 'f'b_,c 1pe1;:tric Hnge Hid! 
;a ~imuth n.aolu~io:n numbeu h•tedl m Table 2: have 
bee:n der~Y1ecJI ba1nd upon i-mph:me,nl!:&Uo.n ,co~•id· 
cra,tlon.,. For U1•l111n.ct 1, 11, 11inglc 1&mpl~1 fl'e­
qn_e.N: y t c: on• t.a,flt b■;ndwiiitb,, a.11d <:•C111Hta.nt: Htne.• 
band.wldJ:h :product l:1Jkty •the l'>lling• proceaau:ia 
pa.l'a.meb~H, !or ~r;:b l'■du, Al• •o. the n,u:nbe·I' ot 
data. nmplu re:q,lllrc.icli Ior ,c11.c:b. ope ra.tiiil,11 t'.!:Wd'e 
hu be en ct.r·e-fu-U-y H 1•c: t'ed lor each .ra~r: to ■im• 
pl Uy t~e d;iat... hutdlln1 tmplmenta l:lon. WUi\ n • 
• pe,i;:t to &ad.mu th procH •ins~ 1the l'l.Vml>e r ol p-u.lHI 
per INmp 11.nd the number ,of l,oo'lt■ !lave been ma.de 
e q,1M111 ! ,w- each ope rating mode. F11rth.e i'Jl\a.t'e, ~ 
rnmlbe r of liooJc1 i • l.ml.apellde:ri!t ~, tt.ie riid11 r (or ;iany 
g;i.v>11n mode. The.r,e.lon, a •mile _prl)Cenor lm• 
pltrmeffta.tlon capable of accommodatlA.1 11ny .radar 
r; h.alll\4l lliec0me I feaall-'ble, 

Tb.e raw ud image data :r.al~s •~.RDR and IDR) 
per radar bav e been calculated ■ml are ~bulla.w:d 
in T.ablil!! 3, lil d.erivin1 the RDR Vo!ltiue■ qf Table 1, 
th e :pllil'hber cit bit a per 1;~:pipl•I!! (N..,,1.) wa, •••~~ 
to be S l!ii,t1. A■ J:1,0,tei!I ,. tpij rc•nrfi ill & wont Co!..t!G 
RDR I;).( 60 Mb,i• !or the 6~ l•oo·llt iilnJ1c open.tins 
mock~ Al1hough a 5 .. bl:1: •qi~ation levt!!l t. 'being 
au,mutd [or s~a.■at:-A,, U b p·robe.bly r 1.'ot t1.ec~111111ii:ry 
for a 6,0,0 look angte 0111 .sm. B. kl. f'a,ct, analy1:li1 
to id.at~ lndlc.a.tea ~t a 2 ·Mt q,uu.~aticm lev1;:l to,r 
the :raw data ,at 8 .- 60° iii ,probably u:t1111facto1"j', 
Thi• could lb,c ai Yi.able intpl emel\'~tioti. tr-4e-off fot' 
achil!!Vip •• '.!'cducti1;111 ffl hlili d>e"llilli ty tape R~~d H 
,ayt1hrn, co:iiripli!ntffy 160 M.bpi. v~t>•u• 24i Mbpw). 

Bloqk_,,Diaua.rn 

A pt-ope•~ bloc~ dl;iia.1rr••lDl ,foT. 1:he cm~bou-<l SA.R 
urui ,~ proce• 110,r ol F kgure t l11 ~ Lv,e.111 Ln F ~gu re a. 
A a :nell:ed lrotn F lan:re 2. iaeom.Lng data le rout.cd 
thrtrutb ;a pr()~e1H or lnJ:e rtac e unil.t whLc h fwu~tlon~ 
ally H'p,l,.r,ili,te-, the hea•der ,dat.11 from the 5.'-R vldeo. 
The lhe&~t!'r clata, ,containing t-'he pa :rame·tric: engi­
l)e,e,!"ing: itt!o:rnu.tl0:11 req,u.lrlt!ld l10r c,01nputlng the pro­
e e 111mg C: i;mt.ro·l iuncet IODlt, UI ir•O\J.ti!:d ftn Ute mic i:'O• 

p:roceuio.l' c: o.n't.roUe r. 'l'ho ml,:r oproc: e 11111or c.on • 
t.roUe.r compuh!!,.a the 111e-ce1, 11a:ry c: o:r r~ Ucm• ul.d 
@Uiect11 control lunct iona for all runc:Uona l elornent-9, 
of the pi:'oc:H ,or~ The SA !R video l1 {b1 t a ppUcd to 
a l!'.l qe iProc e:• ■or f .o,r .i!.i.nge co.r re lat1lcm purpoe,~ II. 

Foll,o,;rm; ran,11e correlation.. the SAR video 18 
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applied to a.n .az.:UDl;lth p:roc:eHCl(f'. Th• .aa:imul:'h. pro­
..;:•• •oi- ge:r{ol'ftl■ t~ ~Am\Lth •eo~r~latio,p fmc:uo:n., 
-ranp migruio:n ~or !'1!!cUQIII, .ndl &n.t:e~ b~m 
pointing co"f'rec:tlicn. Thi!;: proii:oned. :am.a;1~ data. 
f:tom the .ulnunh p:rote••-ol' l 1 aho ,aiHed thro~gb 
the .Pt'oCH •o:r ln.te dace, unit p'rlor to 'beln,1 :re . 
c:orded or d li1pl a:ycda The lnaJe data. li.1 r:om'bm"Cd 
wUh app:ropr'l.11te header daA. from tho mtc:rcp:ro­
e•••or c:•Qftlrollt!!.r _ an ,a l~Ab1·• line bad• ■o, t:'ba.t. i •t: 
•r;en. be properl-, ~enU.ii'.ied 11nd l!!Va!Lua.wd~ 

Ran1.e Proc:eu1o.r 

A e,uldld;a.e imp~~il.latiiJ.q fQr th~ racnliJo pro­
e•·Hor of F~re 2 ia. ahOWn in. :f'iiJ\l.l't!;: J . Rder­
.rms to 'F •.-.ii.re JI the 1"&1'1111!1 f1170ce■ Im i■ ■ eep. to 
eQIU1• t o.. a.a-u ! '!4D.cdonal b'•ock.,. ~ inpu.t lll'!!i.t 
:r-~ iYIH the lnc:dmrirlia; MDT :f'orll\i.tb~d data wt:ream 
.a.NI. cofld.lHon11 H. for o!!,pplu: o!!tiap to tb~ n.nge co:r N: • 

la.tto.r block. FaUMwfna .l"an1pi! CQI' .relat,Qll, Uni 
d.ata ia prope.r ly :for1rn,dted by the l!J!!.llpl,lt. vnlt fg r 
,a.pPHcA.t!on to die ,;,. zimuth proc~ Hor or f'ilgu n: Z. 

A prg,l"Q1ed b,L04;lt di.a.gram for the rarng1: p-r1;1 -

..:~ Hor i.np-.Jit wilt hi p:rovooled in .!Ftgure 4. R I r -

.rug to Fig-1:1 r e 4., th• meo.mln1 :rtw SAR video 
<l lJit.a l a .ta aitrc:11.m from the pi-occ••or inter£ai11:c 
1mit i• ;ippUcd to II dtgltal-'°"o!.na loJ convc.rte.r 
(DJ'.C) for t;:QftYG r■ ion w a11111lo1 v,ciU.illigil: •ampl,111!•. 
FoUowlng dl.gUal-kl =1U1Ak!g con'V'tl n lo:n. the ■.na­
l og 11.11.m-ple■ for a glvt!n ran.g-c· lHme or «:h.o airii, 

loa.ded bl:t:o :a r,a:op I bte buH~r th.:rou.gh .a,n input 
my.ltiple-x:1!!r. TbJ! ••mp1u for 11:h~ .next echo a.re 
tbi:;n multiple.~ed Ui,ta a ,.ecmid. ILiine, bulie r . Each 
.nblC'fUZl.t ra.n1.e line j.11 at ored in at different 
bull>el' uptil a even rain11e Line butler• are l:ittef . 
Tiu: ~-.mp1ea fg,r t'he •:eventh e<eh'b loUuwhia: fh,. 
odg,lna1 glYen. ech.o• 11'.N!i ~h.en eto.r-ed in lttiei lii'■t 
"uUic r and tru:: c:ycl11t r po11.t111. 

A c 111111cHda.to implunc.11:tallori .appro11ch for .a lme 
buUer ol Flg11re 4 ta d•■ie:r1'.tcd. ln Figure s, Re­
fe:r, !La,g to Ta.ble 2:, up to 6. 000 1111.m:ple • :m;t.y IM!­
talkan per Kho undor wor " ' c;a■,c c Obditi,orui. 
Tlbe:r•eforc,,. c:o!!c:h lmc 'INlfer JnO•t be r.:a.pable of 
11 lorln.g up to, 16, 1000 B1a.mpl.e11 . 'l'.ll'ili coviW ibe a.cc mn• 
mod a Li!!!dl by •e,qu.uitta.lly· lQ~dllll iii)[ i ooo. iita:te 
CCD aam:pl1u .::Mp■ . 

The [PUF,0.5'.e of the pa:r .. Uel nnc bll.f{t;-F■ o! Fit:· 
'1:1.re 4 i• be r~ducr lhe, r&ilill!I t'hat :rana;e lme 1n1:mple·e 
.111 re; 1docllced to the rang ca.rr.lallo r~ It i.■ noted 
fro,m F ig,Ul'c o that 11:be a.Vil llable :r,c11dovt tune l.o.r 
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each h:a e buffer i .- 11i.!t qmu li!'re&t'Cl" t~n the tune 
;r~;w.:red to rnd the: atii in I The rofore# the o'IJt­
pw,.t F&mpjl!! n.11 bom. uch l i.ne but:f'e.r hi l / ~ r.>i' tho 
tn:pu.t a;unp1e r .a't'I:.. By a:eliec l:ive ly ·rnuhipl,e:11;'1:ng at 
the O'iltp,ut. ,of t hl!! a:e v•n Hll.e bu.fin·•, isb!; Q\\l.tpUit 
l ine•, U :<:h prorlcliillig & c0fl.t;bi1,J,aa• ;re:aci,ou~ oif dil~ 
fet-,l!Jl"t: r.i;n1c ll111.•• a.t 1 /6 the raria;I! nm: Input ra til!l 1 

riei■\IM .. 

Th~ nci:d f or the rana;e l ine ll!a.mp}e: ra.t, redu~ -
ti.DB bee~• ,llpplll'1ent wl,l!n 11>ne- ~0J:1.11ildier111 the 
w·out c:H -111!1 ~t d~ ~ ral'4 11..nd. 1the propo,■,ed l!'~n_j:e 
c or Mia tor laiptem~.t.at.iD11 11.pp:riM,ch. Of!e ring ~ 
potential 11.avini!I·• of • ev~1r■l D;rdieJ"• of mapitude 
i!n. c 1Ht, power,, and ~ le:n:u;qf,dion icompl4Xlty 
c<0mpa·red with conventional digital LSI, ana.log 
CCD1 tl'ana.Y,l!!ni-al. fUwring wdmiquH ,11,H propoHd 
C.:i:r th11 ra-r1.ge c orrc~to,1' implemafl.taiti.cm.. B~ve r • 
•u.c.h CCD filter devii4! e 11, .au c\J!r .ren:t.ly l im"l!!d t o 
·mput. d ock rat~• o! leu than 5 Mfb:,. ader;riqll ·tco 
"f:aibl.e J, It l■ noted tbait ,a wcr■t ~~•e: ti.ml! ex-

- . . 0 panded ■.ample nte at J 2 P111p• acc'll.r■ for the 610 
lOQk ll!l!ll• ~ .r.aUn1 mod.e. "Ib.e.reforl! .• iii. ordn 
to ·uH OCD tra.n■v-etnl lilte:n for r~ngc; co:rrc:l . ., -
Uon, it- l• :uce• H.r-y to , it~ilfieimUy· N -•,h1ce th•• 
r,at.-. By nnpl!o,--ln1 the buiferlng technlq11e of 
Fig,;a,r,• -4-. eomJlete i'~I!:! line• e.an. Ibo !l'ead from 
•II/Ch oJ aiX !&ii~. to Hptll!'!Lte cc,:rret:.to;n •t 
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lndivid\lil-1 wo:n1: <:a:11 e lock ;r;&te:■ of 1 m• .P-1 • Th:111 
rat<e .allowa, exi.11<llnrg CCD tran•v~r.al filter deivice 
tec::hnology to lbe u■ed b r t11e, :rmp cor rebta1 
im.p1em.enta.tlon* 

A .eaodidate, F<1.n:1e co,re~u,:r implem-e,nt•Hon ii11 
L Uu II l:ra.Le-d iD Fi(l\lil"te- 1, '1 • 11owd rrr.nn Flgu re 7. 
tht!a e bi: O'liil:~t• f ro-rn ,he l'!l.nJC: p;r~,l!!I s, tor inJJQ~ uai~ 
a.re ap,pHed, t:o ■ ix. CQl"H■:po-n.ding rang• Ulter■ • A• 
indk,a,t:ed iiq .Flp;rc 6,. eac:b ra_ng-e lUI.• Ul te;r p11r~ 
!orm■ tbe :r~ 111w;~ e<0mp:r•• • Ion fl.lllCt:lOl'I. tor t1•ire ry 
Ii i.Xf:h rana;e lml!l . By u•mg •tx lde:mit:U:&1 :ru.n, au 
.-.r 11:he ~omh11 :range Hne11: &re• luUy corr-eilaad iin 
n,n5,I! . A.n add.Ul-onal lea tu.re ol ea:c h lfllf,e r ,ol 
F L,iqr • '? Le. l ee· co.11~.rai'o.n born "i--i111e ofh:ct to 
1/Q da'ta. In o ther wo.rd■• the .r,.nse :l;i.lteu Cii!ifl 
pc•rfo:rm com.pl~ ra.n&;I!! co,rre1iil.t i.o:n f:r0<m riiUl!g• 
oHHt lllrput data. i!iillld yi!! t prQviife 't-he rnl U, aud 
qu~:r&h1.re (Ql, ouq;i'lll co:rri~ntI r-c quired f(!II' the 
• ll'b:I e-quenJ: a..t.ttn'Qt:b. fi"DCC: H mg. 

Slflce the: X-~ 1nd C:-band rMlar.1 de•c:ribed iin 
'f.able 1 have ,d i.f..tc: re,ut range tiime--bu1dwi.dtb. pr-o -
due l:a. lb!· number o-t poi.nt11 to be c omprl!! Hei iP 
range dill!! r. ,It h! oolied. frotn "hble 2 tl1;a1t the X • 
b;a:nd r .ill~ii!i:r u ,qul r•• eo.r:r-el■Hmi. over 16 poiPt:lli 
wh~le , the C-bai1d. radii..r- rl!guirc:11 ill 400-pomt 
c.or relation., A po• ■i1blc ,d:e:,;ign fo:r the X~ ban.cl & ,nd 



T•ble, i , Radar .Proceir,:1 in1 P. ram.et.er• 

X".Ba.rui C- Bi,Dd 

PrQce>• • inf Pa.rametc r e a u;0 , , = 47Q • : '600 ,, ■ 15° '== , 1° ., ■ 60° 

Ra1r1g• Rea,ailutlo.n Prr ,6,9 ,, !5 ,m, W,6,m .ao.l!I, m 69. 5 m 26. 6 m z.,o. 8 m 

ll.q~ Tim• •Band.width TB LO JO lO 3,30 :no .no, 
Proihlct r 

brJ:111: C ,omp.N ,H k>n RC.I. 16 16 16, .fOO 400 -tOO 
a.no 

S.mpllnJ !R!lit• SR. 34 m•p11 H m1Jp■ 24, m•p• Z4 map• lf m•p:11 ,2' m11p• 

Sa mp lea• per E~ho Nii HOO 1000 600IJ· 1000 sooo 6000 

Sunpi~I \fbldow T ,a: . .§ 11• 114; l.Z:S ill ~eic 2.SO 11•,ec lZ!li .. HC l2'S t,IDC :Z.!50 1,1,111ec 
PQ IH • Cohuuu:ly •· 
lnt•.r.rated ?'f cob. Jl!!I 70 1100 30 us l'H) 

-Cabe r~n1 In1•1rati ott 
Tlmtl 

'f . 
c:ob 

(I. OC)'7!, HC 0.0]5. He 0, 050 -•e:c O. OIS H.: o. 0615 ... ,c 0. 109S se,11: 

A a.lnmlh :Ilic• OluUon, P._ ?'JI, 0 :Q'I 2:4+ '~ m 24.l m l'S.1 m H .. 4 m u. 6 rri 

P"11l■-• p■ r Da ta ~p N 15, 
·dllm,p ~ 5' n, 5 !ii 

r , 11M pe,r ll1-t.1 OQntp T d'\1:mp O. 0075, ■ec: Q. OOiS 11n o,,oon ■■c 0. ·0075, U1~ t , 00Z5 ,■ •c 0. 1002.S aec 
DI ■itanc• par D art1, 
Du.mp 4 d\\fl\P 5,6, .3 m 19; 4 !1 m 

~laei11 b\ Be-a.,ni1,rlddm Nt:otal Ho !58 

Loon Nlaok IS s 
Fi U:e.11!' C'Jia11gel• Per Neha:li 1 l4 
Look 

Table 3. O.ta Rate• 

Jc:•Be.nd C~Ba.nd. 

$· .RD•R WR RD.iR IDR 

15,0 IS mbp11 78Z. kbp• 30 Mb,,a L l'l rob~ 

,470 30 mbp& -l.75 mbp& 30 ler!b;r 3. !i~ mb:pa 

00° 60 mbpe, 9. SS mbp• 60 l'rl'bpi a .. J l m'biP'! 

1C - band: :i';1,n1• e.or:t•tlto:r, ia. •'h0¥im in Fi.-1ure a. 
By u• int l'wo h".ani<Vc:r••L iil.tor•, g.,ch <il a lenl'b 
twic.e the reqWiHd t'an1• .c0rnpre•u1io11. l'"dlo •{R.CB.t, 
complex c crr•laticm phi• c<mv•:r.hm to l a:nd Q 
c~pqneut■ c:.a11 b• e-fr~,. t ttd. Thit , rci• 11.11.t. i~ h,o 
3,Z - ■ta.1•• t l".anne-r 111& 1 !j \tu II for th• X-'b-and • i1n&l 
and rtwo 8100-11u.1• tranaven.a.l i!Htit:r l f(llr thC! c ­
band I lp.a,I. 

Su:i.ce the p.topolt4!!!d :rad& r t.ru■mUt..e r ,• will mm­
p·~oy ,a fixed d iptal PN rd,erenc: e func:,tion., the m -
kr• ol l11u:rci & ,do :ilOt ha,ve ·to be pro1r-a.mma.bl•• ·· 
Thenfii:n, -111&.ii•ting ~n•l •o,S CCD li:x,ed- t.aJp we lgb.tedi 
h-11:n■v•l'■-l tiltu- ,i;:hip, do•ien• .may ib4!!! \'laed ·to 
pe•r forrn the r&qu.i red ,corte la Wm pr-o.c•,• •. Thi1 
eMb lc:1 a rcd..ieti •on i ii. th.• llvmbe it' of c-o:m:pQCe1111:1 
r.-q1dred t •o hmp't•mc,nt. th• n,np· ,cQ:rr.et&tor bv e,ev­
•nl ,01•1cle u of m:a1nU.ude when c omp&l'ed '9lth _. 
cli.~ita. L laF1e 9 ac:ale- lnt.e1r-at~on (LSU appz-o.a~b. 

The m te;rln .v•!ldl 1 •nd C aiunpleai !rom each o.f 
die a:lx r.an,ge, correl:li,t:Qr cb&mt•l• ,i!!Lre ap_pUed. to 
the o-.itpu.t unlt ol Figure '9. E,,a,ch. o.f if.U!: n,nge 
c orrelat.or- m.JIUI: muldplM:eH af Figw:"c 9 iaele,eta 

1·9* 45 m '5-8,. l m 19, ·U m l9,4iS rn 

!506 '41'2 6.1116 970 

•· 15 s !S 

20 ,Z 2,7 3-8 

t/6 of lih• to~u ■ample■ f.:,om •each r.ui.ge line ree­
qvsnUaDy 11.c:roa • all ab: ~ cbann.eh1. ~{,e.r .rLA1 
to F ·~H 6, the Mltp\it of •.,ch iiipi.t mglti,~ce:r 
c.an the rerloe prarilh a cont~oa• iflo,r,- ,Of •C!Cl.1&11.& 

Ural ~e line■ repr,e•e::DUa1 I Jf; of the total ndl• r 
•,y•t.em •••&th width.. FOi' in•taa.cc,, ti a total irwaU!, 
"lllP'C r,: i,, 000 Hmplc•• eac;h ·En;pu.t, rmaltlp:lcx:er ,Of 
Fisure• 9 woold 'be ou~titlnc aiequentla.l rllJl8e 
l iirtea c o.r re •poDllilts to a, de:al!gm,ted I ,. 000 ,1:1.mple ■ 
al the 11wat:h,. By employing apprapr\a.tc, 1atl.llg,. 
~•ch. -n:tpoi Un..e o.C th• G\l1pllt: unlt W'OUld c;orz.c ■pimd 
lo a, dU:lei.rent J. 000 1Nmple Hctlon of' dMi tocal 
•·••th, Theae, ou.tput llMI ■ a:r• dm-n rO\ltC!d to .■iz 
• i!pa.r,a.te .a.a~th proc:e11a.or .m.01h11J• •· By ace om• 
plii•~ll pa.rallel praceHhlg ,C!l 11111 ctlG111• Qi the total 
11-.n.ith. the• illdivid.Yal lbap!.a1: data r.aw to Heh. .. i­
l'D\lth p!roceHor tru:idule may lbe a.d•qua~ly red111111;?,eci 
to a.'.ll(NI' t~ '\l .. e a.r alnq CCD ~•.rnentaUqn 
t•e-.hJi.o.to1y~ F'or ·tb.ei W'Orc■ t: c••• dat::■i n:H of 12: 
m•P• IQ'%' the X-~ 60° loo'k an1le: mad~, ~.e aot­
i[A,it. •ate to ea.eh asilnwth_ pl"Q£le•■t0r c~e 1 would 
'b~ redl,J,Ce-1!1. 1to le■.• ·th&cni l: m■p.t~ 

Aairmuth P.rocel!llll(>'.r 

A <::.ndi.rl•·tie i.mJilementatl.on (oz• tu ••imudt pro• 
c•••·OI' of Fiipn 1 b ■hown in FiiJU~ 10. llefe-rr­
lrn1 tg Fi1urc t 0 , 1:lix. lcl,en,tl~a] •■im1111.tb proc e■ H •l:' 

m0dulc • a~e u.ud to p«i<:41 ■- e&,4;h 1 /6 re:c Han o.f 
the totaJ -ll.'il:Rle ••a.lb. Jin outpQt k(;(e1 

1
• then 

ua:ed to rer.: offl.b~ the, lndLTldval •••th • .'1rnem■ 
ln'Lo lmagc: ru1~ liJiH, c0Vt1rin1 tM- fun iaw.,th 
width. A• :not:ed fs:eom iF (pre l l, e-.-.1;h a:a~th 
pl'oceia,110.r m.oduk •~cm•l•t. ,al. fou:r .f'IIIICU.oaal blocb,, 
i. I!! . , a preiaum fUt11:: r. ~ ._-.i.m.oth dcl&y ,campern■- -
tQil", 1-v azimuth ,co:rr,daito~., an.d :1. dliglul 
ma.pi.tudc1c, 
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The asimuth procenor duigP approach ol E"ig­
ur• 10 i• characterised by• two- •tep illtuing lm.­
pl•m.eritation. Th• Ll'lltlal !Utu, d .. ignakd the 
prce1,1m iilt•r• divldu lhe u .imut.h epectrum lnto 
Hve ~ru or channel,, Since th• total azlmu.th 
bandwidth i• c•pabl• ol provlditlg s.m,•t•r ruolu­
t ion, ZS-m.•t•r r • •ol\ltlon ltnaa•ry may be derived 
from e.ach chum• l oi the epec tru..m. Furthe r-more, 
only on•-lU:th of the bandwldth of uch c hannel ia 
re~lly reqid.ud to achh!,ve the tS-me ter ree-Olutlon 
due to overeampllng. There!ore, U each channel 
were- properly filtered, the O\l:.put data rat.$ to the 
~•imuth correlator of Fil\ll'e 1 'J could be reduced 

86 

by a fac tor of 5. Pote-ntlaUy, auch preeum filtu­
ing would provlde an 80 percent reduction io the 
a aimuth correlator powl'r re.qW.re:ment • . 

A detail$<! block diagram {01' A poHible pnaum 
fil ter doign i a provided in Figure I l, Referring 
to Figure ll, the lnterlh.ved 1 a.od Q eamplu from 
'OM of the range p roceuor output chatu1• la au ap­
plled to & CCD ra.nge bln interpi,lator eblp whue 
repoaiHonina a.nd reaamplin& Of t:ata. wlthiD a unge 
bin c an be! accompliahed to preciac-?y !it a. givm 
ranse mi,(l:ratiou corrccticm cu.rvc, if necf;uary, 
A undid.ate dnlgn Cor an lnterpolator chip capable 
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Q f provid:ina M. = :U:, IN = 4 intcr-p,c:rila.tl.01'1. withln a. 
rallge biia:i. w mld cqnl;ii■t of fo-u~ fixea -~p ,...•ighted 
CCD1 tran.evcr-•al tilt.J"11 providing e-on.volution ol 
the incomint: vi,diei;> w.litb an ia._ppr opria.tlt!! r,hue o,/ a. 
■ix s/x. re!ri!!i:r~nce !untti011!. (M -rll!lfe-r,11 to tb.e 1u1m­
ber o1 UfflPl·e• mv-olved in die mt4!irpo1Mion calcu­
llaUon and N ia ·t'he &ict,i:;,;r o1 inr; N&■ e in ,aU,ec:tive 
• •mpling :f.requ_enc:y &6e:F int:.:tpolatmg. ) 

Follvwin1 interpolation; :the nt. it <AppliM 
■imulta.J1!!!1JY11ly to itllre-e C CD ,a.■;if.l)ulb filtiar ebipa. 
Ii l~limq.\ de",r; dpitlon of the CCP u :Ln n1.~ tilter 
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ddp ill p•l:'OVld•d m Fi111gn lZ . ~denms· to Fig­
ure .1 2.,. cac:b .■w:h ebip ind!c,pendiantly 111c;.men,■ I U 
rana~ migntioo ~ orrec.tioo by pla.emg ea.ch hl.c:om­
ila I i'&n:ge mtH'1Pola.R1d • a,nplie ln the ~-ro,per :range 
bin. (i~ convolution. with di• proper mter wel,1J'htlng 
funi:;:t.im:i., and (3) ra,ccumulation o1 :filt~red. r.ante line 
iuft;;1rmi1,UOJ'\ over the id.ea lred per-ti.on of 1:hei azimuth 
beam.. Fo:r the pru,um lltterins opent.lon, U f:lil•­
·tu•i.J:i_,1 wc:rc •Cl:!(l?Jl,PU■hed ov,e:r l5 range U11JE11e in 
~zim,i,m.th, then 011-cb c:hip wo1,1ld aceumulate lS 
w,ei1b,ted bmu1 p•i:-1:or to rea,ciout~ Th.e pr.ea Qffl !H~.r 
for ica.cb, chamlel, beh!i,g imp1einenti!!dl "'11:h anly thHe 
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lt s,hoold be n~ci that f!"S., h prtt111:1m filte E"" ch.;rn -
r,t":l l!!i only .ell.Jlill 'ble .:,f pl" ovidllnl inlor:rx-.ti□n to the 
a :r.itnuth cco:i::r-cl;awr t:o .- c- hie1,• e a. 1111 inlJhl! - li;i,ok imi' ge-. 
The i' ~fMrQ:, a .... ,cha ni~ds. 31 r~ requi;red to pr..rl llC:: I:' 

S•lc:lok i::-iu~r:rt, Taal will aot ~,,1.r.J,; -h 11111111& 
1111111,'Nr '": f, • h - -1 ~ .. to ,, >, ,~ •. ,.· -, - ! ,all lm­
apl'J f 1 •~ ,-, ;, ~in~ !'.II a'buaNi 4<"· •, .:::"· . r. ~ :II.Cl FIIII• 
.111¥1, 41 :, .. 1·1111;:;, 

.J 

I•;: ':' ,1J/'..~-look lrl1,"1f<• il., ....... HJIW9f•,! 
by proc e H in_g Hvo:! II' mg le .lo,ok i:mq;e-:11 rrom hvO!" 
•-ecll:tGD:a. ol tn"' ~2irm11th 1111pec.tru:m,. the pr..,b,Lr. m of 
prOJl"'r .Hil!l:i.111:ra.tion rn1,:u1t be .,d.llir1n111r.Q. In o:rd,e:r 
to c:omhinfl th-e !ive •mgh:•IQOI!: ima:11:1:s mto a 11lngl• 
'5-loolt ltnage • a.ppropriaw di.Jay LirPI, mu t b-r. 
lm.plel'IM!lntJl!1d. E.i.c h II inJl!• •low; <:!h•TI ri,f': 1 l'f"t\l.tl t ~ 

~, •:('lmpewlitd-..,,. ,,H, ••r,~::!"r.opr:;.ltl MAP bar Cli 
: ::-.L: I! ir.o::" ~ wldll. .M:lpiie I m i I <1 -"' r:l _1;:i .:;eat s...-i-• 
l~;ok ch:-i.r.n~iL '1'hla tl.:1~4 'I ,·,,rr.r·nl'l,1:.l;k:m :mat' .. 
;, : ", ... 1.J • r:Ull" tD Al' aft-!! <t. z:_=i • •-;, :, -:.~on.latlon. .,.:. 
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,Ii "'IL•• ' ll'Tlill lillli tu,dj.,. 'II: UISl.nlil, I,., (,i., .>.l:"'ii .memo r )' [ (!Cfll­

D;Jq,ltl;::f,, T 1!V.. ltl-J!l.), ,.....,. •.,. , ,...., • • • r' • ~ ~.:.: :·.,. •~-•--r , 

HtiOIII bef:o-r& ililital ma,1,nil'\ldb1_J: -Q'Uldi b• if it 
w•H· a<:llieved in the ;;.nalo1 doroah,~ ll 11w:l:i ic-olll• 
_pe_-nHtio111 i• 111ichiev·fti fgLlowmg ••itm11-th. •c:onolatwn 
and d:liph.l ma~, the det..y lm. memory n ~ 
quir-ement1 are inere..a• ed by a faeto:r of -4-. AHho111h 
·tbei I a.:n.d. a 111:mple;e are combined Ulrkl· pixel• ,P!l'Ml':L4-
ing .1, :£actor- of two N.vin.p. th.I!' !li&111um.ed reCJiliire­
tnaM: :£or S- 'b!t pkx.el q_ \l&n'tll,at.ietl imp0;1e11 -. :f'aetar-
o! ei(ilhl: inc :real!I e in memory rc:q'!d.rcmenl•. lr.i 
AJ.dchti<m to .chi~vine ~ :rcducuo-P. m ID~morv re a 

q1,:1,trement•, ·the Uile ol a.nalot 1CCD SPS mcno'l'y 
4;orn~••Uot1 te,c;;:bn,iqu~ • prior to • .-tmuth c:orre.la:. 
tion ,c;;wld .-.kiil prvvtcle a potienti.aUy I lgnUi.e:a:nt n -
d'-1,ctkm in ~er roqulrements ~reel 'llllth d11-l­
hkl ,d,e]a.y C:OfflJ,ICJllllltlollt f'ollowut,: az~u.th 
,e•r;)l'I' 1Ja.t:ton. 

Tb.e O'!Ltput .l:rom ea.di ,c;:h;m,n,a;l o,f the a :dmuth d• ~ 
lay c ompe,n•a.toi, i.■ &ppl h1d to a co.rrc 1pondlng 
'f:lt'.alllive r ,o.l filt,e r ·in tllia a zim.uth c: or J'elato.r for 

,OtfflUr 

ic OJIVl;)b'lil:itr_n wltb th1!1 a,pp.ropir la.ti! doppl•:r ~hlrp ie.­
f e t-eflr;:e fgpr;:Uo.n. Th111 ;p:r-o,:p1u:e-d. arc'ii.kec ~e of e:l,ie 
,a lliimutb. corJ-1;:l&tr;>r b 1 U11:11ln.ted m. lhe bl<iek dia­
gram or Figure I 3. A ai :l'I.Oted (:rom f'1igw- i=, 13., th-e 
.a,r,hl'tiectu:n of the 11.a,l.muth cc,:r:Hlator l■ vi.rtl.l&lly 
idl;l'.Dt:k.l to t'h&t for the pre'll'iwdy ,due :tibi!di pr,e -
Hm f Uwr. TM in.com.'tn11 ttiJt,•e Uni; ump!~•· •i'e 
!Lr 11!1 JIB H ,ed th.rough a CC.O r&n(l,e ·mte rpoJato..- ~b ip.. 
The HJ:Jge hlterpolator 0qtpi,1to9 .ii.re tn~q applnd m 
parallel to eac: h ,o! Ni:;_h•n CCD .ii ii!im\Jith ntte r chip 
fi.18- de!ihed. in F iiYaJ'i: 11 2'. Th,c :rwmlM r g.( requlnd 
ehali.l:il!'k• Nchan• i■ deUncd !o.r ea-eh ra.d.a.r- opuat­
lna mod.:- IP T.1Jg:to z.. A• n()ted rro.m F11u,re U ar11d 
Ta.Ible 1, th e aiy111 tem. i:Mpl~M,el'llQ.ti.an pr-ovide. 31 
.liUe:r· clti;p~ _pct!!:t- lio-t1k in o:td,et: to a.c!;o.nunodat tbe 
w ,o,nt ea,a,e, ope:r.i!ll·tin(I: M.od e oci;.l!.!!!' rbig fq:r i'lw C -
band r ada.:r &I a t:io0 11.ook ant1c. R,r:.f,a;r ring to 
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FtJ;urc I Z, r.:.ngc migration ... .., rrcctio.n i.ti IU:.hic-v,.,<l 
on uio.cn ,..-,,..i,) t i, .. ~ .. ;. ;., :.:.o· : -- -· : .. ",..,....: .. ,. .,,...,,.,. 
Un~ by ( r) ,<.Jee, .. ·:; ihe du\ud onge Interpol.a.tor 
out.put and (2) ga t itla the duired .range line eam­
ple• to a complex multiplier. U• lni the c omplex 
multtpller, each corrected ranae lint i• convolved 
with 1hc de1ized aaimqth chirp r efer en ce, The 
doppler r e.ferenc~ fWlction c.i,n be r e programmed, 
as ncceu1ary, from the m i.croprocc,sor cont roller 
of Fi_gu..re 2. Followblg complex multipllution, 
the I and Q umplea tor each ,uc.h range line arc 
temporarily stored in an a cc umulator reglater. 
Following Nc:ha.n ,uch a.c:cu.mulalions on a. glven 
chip eouupondir,,g to the t ransfer of Ncha.n ran1e 
line•, an accumulator r egister will cont•i.D the I 
and Q ,.i,mplea ol correlated image dau. At Ibis 
poll'lt, the I and Q imaac data ie read QUt tor dlgital 
magnltuding pu.rpo, u, By mu.ltlplnlns between 
chip• on a 1.lne-by- 1U1c bad,, a c:ontbtuous r eal ­
tune dat.a flow le achieved. Referring to l"igurc 13 , 
each s Ulale-look c hannel ,rovidc ,: both an I and a. 
Q output l ine. 

The I and Q output data from the Azimuth corre­
la tor of F ieure l3 ia a pplied to a digit a l magriitudct 
(or pixel formation. A poulble Implementation for 
thi; dl.gitat nu.cnltuder is defined in f'igu.rc 14. Re­
ferring to Fiaur e 14, the I and O aarnplc, from 
c~h s ingle-took chattnel are sequentially multi• 
pl•xed i.nto a common output line. The rf!1l,Jhant 
lnt.erlcav~ I arid Q • •mple ot are th<'n dlgUiz.cd 
formlng 16- b it ..dd rcs, word, (~.n 8-blt l wor d plus 
an 8-bU Q word). E•ch , uch addreo wor-d l~ the~ 
u.eed to derive Already computed and stored l + Q 
pixel valuu i.rom a programmable r ead o nly mem­
ory (PROM) look- up table. As noted Cr om F igure 
14. channel l wUl produce a einJl" 8-bit word cor­
rea pond ina to a. 11l.rtglt:-look pl.xcl from the m ulti­
plexed I a.nd Q llnea. Bc:forc the subsequent I a.nd 
0 , ample• from c hanne l I Are inter rogated, the 
c orrcspondin.a I a.nd Q Unc, arc scq1>ent i.ally 

"" 0 

<• • 
0 

. 

s ;,mpl..,o l l,i l Ch.Ann• h ::.. ! , \ , :,i,1, $ . In th lto s, r •r 
l" •· 11: ~ . <iv,; &- bit wo1 Gs , t- u:h , l;l!' t""S()u~..:i n~ to a 
pLc.el tor a d uu 1rent loo• .. r e • ..,.,. .. ~ .. . ... , II!• • •• 

Two 8 -bll r "!glatc.r, a.re used u ,hown in F lgure 14 
to c ombine and butter c orre,ponding pi.xc h lrotn 
llve s ingle-look imigu into ones-look pixel. Re ­
petlHv"! multiplexing o( the five ~put chanruds pro­
duces • continuou., stream of S-look im age pbcela. 
1l ,m, 1c . look image ptx• la u e desir e d , they nu.y 
be acccucd at the outpul Of th >R0 '-'1 1ook -\lp 
table prior to ptxel .-uperpos ition, 

Ae noted from Table Z for the u 0 took angle 
operating mode, 15 looks can be a chieved from the 
avallable &%i M:oth bar.idwi.dth for the apec::tfie-d .reso­
lution. For ,:,At mode, every three <:On8ecutive 5-
lock im.:a&e pixe ls from the 8- btt output r eais te .r 
corrc,pond to l.ndeponde.l'l t l ooke from three differ­
ent portions ot the •zlmuth ,pectru.m. Thcrcl':lrC, 
additlonal azlrnU:th dday compen,ation •nd mU:ti­
lootc &upcrpo&ltlon c l.rcuitr;o m,u t M' p rovid,e..l ~ 
produce the 15-look pixel,, Aa noted in Fi,gorc. 14, 
two cxletl.n& 8 x 1000 diaital CCD SPS c:hi;,s • re 
adequat<" lo provide !be necenary de lay compen,a­
tion to produce the ts .. took pixe l s . 

Rf)forrlng to F igure 10, a.r1 ·output buf(er re ­
ceive, an imigo li.ne c ove.ring a. d ltferent 1/6 or t be 
tot.al ,wa.th from eaeh o( eb: ldi,nttc&l admuth pro­
ccu or modulu and combine, them lntc- linage ttne, 
covering the full range swath. A bla<:k ;I Lag.ram for 
a. poulble. output buifer lmplernentatlon l • defined 
in Figure l S. As noted f rom ilgu re l S, e ach 1/6 
swath ltterement is read lruo a buffer memory e on-
81.sttng of a o exhtin.g 8 x 1000 diaital CCO SPS <:hlp 
identical to that defined !or dday compc-ontion lrt 
the digital magni tudtr of F igure 14, During one 
i.nterpuhe ~riod, e ach bufier c hip l& loaded w\t.b 
that por tion ot the total •watch c orre.spondlng to u, 
dee1l.gna.tcd channel . While each 3-blt pixel word b 
r e ad into e ach bu.Cler chip, a v.·ord s tor ed (rom the 
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previous m1te.i:'pQl.11-e pe ri.ud. 1-11 rea.d 01,lt... How-ever, 
the 1:<ea.doyc; i ~ .i.cc ompU.shed iii equent:mp.y ac r,o■,a LhA! 
fi"e channcb .1.1: si.~ timl!!a. the pe- r cha.nne-l input r-11 le• 
Tne·refolte~ a CWIJt'ulg.DUi!i sbrd.:m cl bit• corre■p<md­
ing to .L full i:ma.-.11:e 1111,e cove riUJI; the mU r.,.-n,ae 
itwatb le Cll.lltputi:ed ea.ch lhterpuh e pe.r-lod, The ou.t -
pUt rnulU.pl~xe•.r of F'ieure, Hi i.11 D1ii4!d Ito, ,ilequentiilly 
&witch between bullier chips. 

A p,.romiid.ng eaadi.date i:r.nplemen~tiOZIJ ~re hi-
•tc,r; t.w<e for 'th SIR.-B OO• boa.rdi .S,AR ipia.ge proce ■~ 
a,or e_xpe:ri:mll'lnt ha 11; been ddined, The •.!.lLenlt 
chll..rac1te~i11He of the propotied a.J-chUcctu.re t11 a 
re 1-tifl'U!! • pro~ nml1'\3bl,e proc c ■ l!IUll.f! e-ap&bUlty~ 

Th!! a .z: irml!th pn'Jc,c11 • or lmple mcnl.a.Uon arcb.Uec -
tuN:1 ill! i!I spec i.i.J!l>y w:i,i,ql,le ln ·tna.L lt read.Uy a.cc Orn• 

:pltsbt1 s b-otb l ine.a.1r. ..!.Dd guad ra.Uc r.a-nge tnilif t'.a.i:ion 
,; QI' rec&I on with nothing more th.an a logic -c<mt:ro li.cd 
g.a.t'ln!!: OJ:l'e nHoq,. Fu-"il:b-crmor e, Et c.a.fl. 8.ccom.mo­
clato a hlgh d.,liitJ"ee D! iln~crpol.i.tlon e a.pabHity ii re­
quired. In .addiiition, the n -cd fo-r a cornet • lurnq 
1T1ernor:, Is ell.i::nina.ted, the rc'by s tmp1ify-ln,i tbe• 
memo•l'J' or-ganiz;allon :req'1ln menle . .F &rially, ;it 
~ppca.u very am.e!!ia.lbl,c t~ a r;u.81tom chi.p, mipl.emen -
t.t-i-Ol'l ·'ll'herebl ch;iin:gu: in mhllllo.n req,u:lre~nt• m.1.y 
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tie eaaUy ac:com.rnad!11,.tcd b:y •impl y a.d.cHng or deJ.-et-
1.na l.denHca.l c:hi.p■ from 11- monlar C?oe1lguntlcm. 

Low e ot:t !i.lld .,>i;;w,er clh11 ra.c t,e rtdk 11 11 r:e t1Jl!lo 
panible with t:'he _propo1c,d ·lmpletneri:t~Hc:m, Thi• 
c .i.n be 11r;h1.e:ved m ,fl J1 the ranie p.roet!! ■:■ ,o.r- iby ·1111 -

ma: ~h•i CC D t.ra.nlJVll'I ua] £Ute.ring technique■, 
(2. J t.he ;a:sim.oth procH I o,.r 'by en3Pl!oyint; a. two• 
• t.1e , time d omabi. filte.r-lJti a.rcni,techa:re- impl,e -
men.tedl with .a, J>rogr.amm.ab,hi c:ui.,torn CCD {ti.Uc r 
cblp,, a.nd (1) &he: c-ont:roUii r by empl(i.yin.g ~dw.ncecl 
dlgltal .LSI rnlc.rop-.r--oc e a.,or c.hiF11 .fr;kJ> i::.cmtrol of the 
r;w,e.r.all. o:n--board bnal)e prnceH,o:r apedm.em. 

(l) A:r n-■ ,, W. • ''The AppUcataon ol CN-rge­
Coupl-cd. Devlc,e T,!!dnno'lop:y to P,rQdvcc tm­
i,.g-e ry from Sy.ca.the tic Apei.'hlil"c Radar Daia.aJ ' 1 
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