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(1) means for computing the latitude and longitude of points approximately in the beam centre at the near,
far and centre swath positions on the surface at times comesponding approximately to respective
start,centrs and end pulses of each processing block;
(2) means for computing the time offset of each of these points from a closest point of approach and the
range at the closest point of approach;

(3) means for evaluating range, Doppler frequency and successive derivatives of the range with respect
to time at a given time;

(4) means for quadratically fitting calculated parameters as a function of minimum range;

4



4 EP0298112B1 (5) nmeans for generating paranmeters for each of a
plurality of output range pixels cogprr Si % nmeans for.- determning range
pol ynoni al coefficients by quadrati € 888d#&Bbn using required m ni num range
val ues; (6) nmeans for conputing bl ock geonetric and phase correction
factors; and @) means for gahpratigmpammeétens for eavh ot d phgalityl cbautputrahdepixile compeisicy edaas for:-
The invention wi | {eteminingeange potyhamial icéeffigionts byt @edraficteRpansiéreusing csguited niiriraum range
drawi ngs wher¥Yesigure 1 is a di agrammatic representation of the main

el enents of tﬁémﬂ?"é@éwmgm etriciand phaggearecion fastors@ndli agr ammat i ¢
représerft atromﬁ‘Fa“&f‘\’ E“’QB ‘@E"Qﬁ"’tﬂ‘i‘%@ﬁs of the processor Figure 3is a
nore det ai | ed ﬁ‘!‘?ﬁ"\"‘ﬁ esence foche drawings Whes npr essi on neans,

gggchgl ] proc g d@i(ﬂ?ﬁ% hc?%:t%& "@"’PB P"e’g%ﬁﬁfsah g of o

as operg InQTH e\id@ rgrﬂ P° ' zp;’ﬁ "ggplt rP@;j;mwnn_

ci pl es,
rep Sce

shows the %’Hscbuﬁhéo\-b% gEEn
recei ves dat apigielstioRslhdbas cQﬁ'ucﬁrm Sro@es§d?ﬁ elylal p?a ro@&gor\rlﬂiﬁljr
processi Ng 1ydr extitipRla sBOIRE, 'aRd REludeb's SrbcesHiiaPhraster @mkﬁ&naraieél d%mﬂgw 957:
par anet @ S dr phrarhisiéds fadush Bieths LaEeR8 Péfs & Ble lpfocédbor! RIMRE T Sicessbiad f8d inlrolan e
Pr epr ocess Ginge Sonippddsibrimdars 3) ahdaznuthtOififtessRAMESS 3 BRS an/THidB fomiatioriéhna& WiTdh gan-
conpr essi orerawsainsfindl radaclimage. Figirg @ shavsifelrarge commeEsioDmudns 8h H&RE detsill BE@priédd @
final radarpulsefBitfoneahs & a pdsetemiteomitipidationm@agsy, & Syuiat cmpénsationmltigicalior meali®8 énd
detail. |t aodnvereé EiFaneangAyFigwe BEiowathe agm@h camprassioremeasp4 in carertiatall. iThik canaprisesa
means 720 a rawEfiTmeanssfrassinuth panlicaavaluatol means 11omn azimathspediral buffeemeansizes dota seled-
mearts 9. Fitgumesns 13 o aeimytheepliss mutinlicationngane Sand an imessmeFa meensitbr e det ai |

Thi's conpr i seSeue4aows taprapropesser apimage fonaﬁwa-zemmmoreépqa-r The peapracesserd compeisass

11, an azi fHMRUP 'P%'r'e%'ar? wjioh, carrien.oubiopnventional prepreesssing of the Fder pulags:.g1 recorded
azimuth re 5“(?53 ‘é{?q tB‘?‘i“ 9&99"3;%8'%{'5"%% Pgeés'N?F’ﬁ'TﬁQh%enil'BW 1a7t|"°'
Fi gure4”shq epm r' ‘f tpﬂge Eﬂ'w '?IP he
prepr Ocess meersre o azimuth
convention rTﬂ ﬁ{a %ﬁo% nfe éﬁaaa.%éf T l?emoval means

satellite qgﬂmﬁo feidb g&mto hera eso

paranet g gengkdylee &tﬁ@des%ﬁ is tifeSrotBsding B&WEE‘%&@ & tLbl&fto LIB\%
satel | ite Righd plebdibing B Bperaiélay a dakilenssof bitelivh ﬁ%& fidn®/A rd..ra y e/ Bpbratidh
fed in by tohthe pisiheldr@bnefitor tPheEdRRRAS Sthe datd teEblds the? ft §BHetaR3 afe’ dakhrib Q‘rét.m?ch'{he

pr ocessi ng opératioh 6f theymitessptdsa@hole déberibed With réeAde/i@ithess tables.

par amet er gener at orgenerates and stores the paranmeters required by the range

conpr es&i orParapeienGankratbonpr essi on and i mage formati on nmeans. The i mage
formati on means 5 conprises distortion renoval neans 18 and bl ock nerge
means 19. 30 Theprimaty iputs tathenammetecgendritor achdnfonyation sontdminghieoelativemetign ¢f the platidne r
gener at or Whthesyrigesiehedmaged dad the polntitaangle andzprientationsdf the ahtenma (Rucks dritagaytbe typlodlly at e
as{ g sequemtaidestas sarepledivaiassf Riafam veeeripesition ansveator §me derivativesy stimpigd yaluehief platform
opeér at i (RF"ht"?'r'é" éﬁ%iyé‘f"m GuUABSters MMS‘“@ H@"@B‘Pﬁ%ﬁ? horesightand boresigh plaesip the
that it ger'?@ffgi'f‘ ed fi rst the 0 eratron of t he processor

whol 9 ampling ot ¢
'?'ﬁeaprr (r)rareM édqwrfgg o °°rs' %:Elfgt % ? Toﬁ'ff r?ﬁ'f’?ctﬂff'"@ Ree28P Rge ¢ (r)ure
relativ f ?% lﬂ'g tf?é and t he

poi nting angl(ﬁltgﬂ p%Eriliieasrarn erg Icﬁir%@ ?Rﬁ(g ofq?etp?a np%é Jracgucl'ry

provi ded as stﬁum Hbof
derivatives, asafrwéqa a\bameﬁme;pnpéﬁﬁn g ProBadiifds t':E Iﬁgﬁskﬁé’d’vnﬁl qbe SySt

par anet er s dqmerdnJaeeawaeetmrelf&aaaawosuas. brdcia& RS T, G, , ARG .ﬁSAﬁ&pﬂhﬂﬂe
to the gl at f amele®DARFFT 16 GefinddSirestsing Wiobh e N PUNeE, PREGs thé) SysBR Halsé tepétition fre-
conpri se i nf cuemy,iaddN PZRER s tHelguiinDia iligk@ihdtiofs finds rhultiplidiy Mo BRETY, B plo®addl by B timb T -
sets, the raddihe fratpalseplerNAZRTI2PRE;iadevaliiatbs @t dh@erduigeindei fir 84th plobeRsing block

di mensi ons ofaceprdingdsBRAITGTAN_AZKFTE. zes t o be used and the maxi num durati on of
i | | 'um nati on (i¥it computesofoneacivprocebsingdlod aldimes Tdapd Ty AZFFTALAZREP)/2ARR: capaiinatesit Or
per f or ¥ t he of eintsnithepurface totble dmaged if thp beam deptrexat the nqsr $idepfat sidetahd:ceptnegf khe dilumi-

rel ative not i"gigd swalh- Bon sempyigfion plfhecasordinates of sush peintes ereutinp rrablemdim trigonometryznd h

t hat t he vect JPSYABalysisApd famllat foshosesidlied inthe attact or accel erati on and orientation
of the pl atf MK §PRputes, for gach sueh apjntaf sugh, tcterapeadrophe iatiom @W'"%ﬁﬁr#i@ its

fitting procedures are well known to these skilled in the art;




(ii) It evaluates a centre tine foreach processing bl ock according to
[err] + (N_AZFFT-N_AZREP)/ PRF, 50 where NAZFFT is the defined
processi ng bl ock size in pul ses, Plﬁpolzgsﬂ?@"system pul se repetition fre-
guency, and NAZREP is the maximumillumnation time nultiplied by the PRF;
[err] is prowsuchesbiveyme thivativesmcwidingltiee first pul se plus N AZFT/ 2PRF; and
eval uates a start and end pul se i ndex AfRoF leBEN processi ng bl ock according
to PRF * [err] N AZFFT/ 2. (iii) It corrpﬁte@or each processing bl ock, at

times [err] and [err](N_AZFFT- NAZREP) / 2PRFARcoor di nat es 55 of points
on™he Surface to be imaged in the beamcentre at the near side, far side
and centre of the illum- nated.swath. The.conputation of the coordi nates

of such points is a routine pﬁfbl "of8- b-n‘ﬁﬂr%)olﬁ)‘?‘?élw and vector analysis and
famlar to those skilled in the art. (iv) It conputes, for each such point
at suchftlrres the range fromthe platformto the point, AR and its 5
EP02981%2B1 successive tine IV adal or 5 [ERR] 10 where
R, Aetc are the platform r§§w?‘v§ctor’t§ ggm)\}é%tlves comput es,
foreach such pointatsuch tinmes, 15 ~the tine offset of the point to its
time of cl os&ereRPRELOMS the platfofnielath vttor firkeierivatives; conTputes st edch Such Pdirit SIS pEhIfiftbg) O
sl ant range ahe tire@fess bf tRpoino R time[ofdidshst afipyoattutothoisatsllite, & Tantitiscoireaponding siant
([err] R(T) R( Tange acioesstiappmadhpr Rus.Oliyadiaeriea miindmisation of R(TOR(T)) nperding o pfobegidres fams uc h
art; conput ediacethese killed inswch ert; canputelartapprexinigte fourtiitime deripdtive di the scalat range aecarging
according to:ite:ferr] so that the extrapol ated truncated slant range

pol ynom al statisfies [err]|RT)= t 9sest, agoproach; and conput es
a centr# Doppl er frequency I%cr 4l légﬁ o$ g'r e é)/éﬁ times according to

[e f; (v) It sgvgé{ft#ates for each roc§é5:5|'yg ck, at each SUCh?%?Pg?O?ﬂ}fgd f
coefficients gd'gﬂ 0
mi ni mum s! ant®Pafige ce h@%f’ftq;'m?“f"‘?@rgﬁf F'fg;é ?1"8?“"&? OB 8% ssi ng bl ock,

at each such t| mes, for each output mFpE ange pi xel p05| - tion

requir S t]evé'ii%gﬁs [fog rech lp% m‘% a?&cﬁgucﬁp es %g)eﬁl&en?s hg::ladlr‘}gc ﬁtofeach

coeffici ent s VI I t eva reach suc AT hi

posi tion requiRfda X, *LGRCRQ’\”'ﬂérﬂ'&ﬁ'%sﬁfmﬂéﬂs%%nnmﬁngﬁnﬁ%eﬂ se Doppl er

frequency pO'(Mﬂ%I@Jt&s; foloaBIRSasbinglblotk, 5t @5 sBhGed, eraéaﬁoaﬁm infuf rﬂﬂb‘ﬁ@ﬁosﬁt
the cenfre of the processing block [err], accor di ng to: [err] where t

coeffici ent s tioy repuiRd. AR AR} &rF.] Agy.e ARsFeandAT by exnansioncaf thel qupdratic filfling goeffigionth e
| ocal cent r e (i) keygluptes,fo @FI? “0'?39\'@"?@0'@ Bpgapirelppsition reguied. the cpgfficlents pfjslant range
according t o :an E'TaF D‘R(’ sncy(Re "°"['%§' P’]Pa%qei‘ﬁ’#‘deP'?"ce ¢entre fegyency gtthe gentra - o

given in samff

| an f|rs§t sanple)/[err];
) B R ) 2) R3)(F- 8)(F-F )
45 [errds 6 EP 0 298 1%% B )e:ﬁé: d 9(3)(F_F:;2 . 9(4)(|=-|=.,3s

where the coefficients R(1)-R(4), 6(1)-6(4) are |mhally evaluated according to the local centre frequency
F. and re-expanded with respect to Fps according to:
, R(1) = R'(1) + R'(2)(Fas-F,) + R'(3) (Fas-Fo)? + R'(4)(FesFo)?
' R(2) = R'(2) + 2R'(3)(Fes-Fc) + 3R'(4)(Fas-Fo)?
R(3) = R'(3) + 3R'(4)(Fps-F.)
R(4) = R'(4); 6(1)-6(4) similarly, where
R’(1) - R’(4) are given in sample units by:
R’(1) = (AR -slant range to first sample)/Ar;

]
R (2) = - ¢ .é_i_l._
2f0 :
Q‘R Or
50
2
R'(3) = | e | (ARZ - ARAR)
85 _ 2fo
2c



[err] is the range sanple width in units of slant range; [err]'(2) -
[err]'(4) are given by: 10 [err] 25 and the phase origin [err] is
determned by the quadratic fittingERQ2®MMZBENts of [err] and [err] as
functions of [err]; with a,b,c,d defined by: [err] [err] at [err] is
eval uated according to [err] (vr ||) It conputes, for each processing bl ock,
for each Doppl er frequency coI u table2 of .par.a.rret e.r:s of the formof set
of val ues providing: theR [gﬂ )genlerat ed at a
gi ven frequency offset, and af ency Off?ﬁés AF which is (F-[err])
togetherswith its second and third power s; Qdble is conput ed accordi ng
to the follow ng procedure 35 First, for each output row to be
gener at ed durW ran ration _correction, the colum notionally dividing
hi gh and Iow £ EP‘TSPE‘ Qﬂﬁ‘r'%@"??fﬁ@"t’%w&p around boundary") is conmputed
from know ege Ycentre Doppl er frequency, then for the first
row, thd’table is initialised for each % according to the relative
position of the colum to the wap arou 'boundary then for each
subsequent row, the table entries are nodified according to whether a
colum shift in the wap around bgudary gasy occured; 40 (ix) It
comput esgand tabul ates for each pot®ssipg_pl ogck a phase adjustnent for
incorporation into the fre- quency donuij?¢ppnge. conpression replica, the
"linear range migration correction", accordin@®&o: [err] where [err] are
taken fromrepresentative centre block values of [err] and J[err]. (x) It
conmputes and tabul ates for each processing block n, for each output row

r] the absolute image start ayrd end 2 indices according to: start

= end [err] + 1 end [err] &' (NTEPERL rA.h;r;(

AZFFT- NAZREP) / 2+PRF*[err]) 55 _
[err]=INT(PRF*[err]-(N_AZFFT-B AZREP)/2+PRF*°Aferr] (xi) It conputes for
each processin bI ock, flor each output row a geonetric strentch factor” to

correct For r sq i nﬁd’ﬁ@ﬂ'?"e by fhe ayadpafic,fiting gaeficiepts qfAT 4gd Faas functigss of

298 112 Bl st ‘é‘f Jerr], where [err] 5
[err] TCPA = (ﬁl err] where the suffices R and L
relate to fun \fé‘l" Aéﬁa end and start of the processi ng

1 eVl ﬁ
bl ock rg; spegihy¥e LORRSSh &K%.,k Rk ut put
row, a real, k odnﬁui'f f"b?&dcﬁ md’l%dé 6{: o (Aﬁl?‘ﬁaradﬂeters of

e

processing b' the ofdef é'vﬁ]ﬂastp%wdi@ el nuﬁ\Bd of ﬁh:bl@ﬂto bStgarfeFatJd%E & givenely
[err] and [ er basef ¥idia)frebiensyumBet ke WhicH 18 (F-IE2GbhethbIOAE RS bd2tndtin® thikd pdwats; maebre is
out put row, aconipied 8ocbralg © teadlbwing fro@eus&ncy [err] 15 which is a
mul ti pl @s of PREst, kr éaéh buput ®Web Helgenefatadidarng ednge migratiohlcorraotionf thescdlumh Rdtibdally dVididg
accordi ng t o: higteand jlow Ddppler)frehdencies(thel tvarsp axowid baunddry?) ie sonipoted @am knoplege &f siwilotg)
bl ock, for eacdntreDopplet fragoency;sheh &ir the dicky o the fable isLinitintised foP @ach columij axcerdiing i a
phase of f set , rejativerppsition ofthercdiimugto the wrap enourid bpyndary; then fot eath dubseguentypw thetable entries
specjfied r an?‘e magitiedzaggording fio whether acoluim shifun diecumpianund boydary ks gocured;

40 ix) It computes and tabulates for each processing block a phase adjustment for incorporation into the fre-

quency domain range compression replica, the "linear range migration correction®, according to:

B(£) = exp-27i | 2 ARZ. (f£-2.)2(.

45
cfo A.R-c M 2 .
50 where AR,, A i are taken from representative centre block values of AR and A &.
(x) It computes and tabulates for each processing block n, for each output row R, the absolute image start
and end pixel indices according to:
start index,(R,) = end index,.4(Ry) + 1
end index,(R;) = INT(PFR+T,+N_AZFFT-N_AZREP)/2+PRF*AT(R,))
55 with end index,(R,)=INT(PRF»T,-(N_AZFFT-B_AZREP)/2+PRF* T4(R,)

(xi) It computes for each processing block, for each output row a geometric "strentch factor” to correct for
residual block geomefric distortion, according to:



Dat a Tabl es 35 The follow ng tables are generated for each processing
bl ock: Bl ock Control (i) Start pulse 40 (i1i) End pulse (iii) For each
output image row start and end i maE20898342B1 ocati on. Range Conpression 45
(1) Frequency domain pulse reference x g(f) x user specified weighting

function. Azirruthh%éﬁ‘% ®)on( N8 orh«?each out put i mge row. 50 -

R(1), R(2), R(3) ficlaTarA’ - [err] coefficients (ii) For each
Doppl er frequency col unm (4947 Kar(R)-8.(2)0r2.Qst0e(P)- (- FapdrPld)tRetFes)) Nunber of out put
rows to be generated 55 + 3.0s( @X'fchaMF-%ad’gdl s the difference
bet ween & he col um frequéTERi\ arAZRE ER-TRSC & Ada(Ban&i(foh frequenC}/
(iii) For eacl’f %’f’ °P§1%§‘l§’ '-r"ﬂ%‘mé“"‘m"m%"l‘@%!‘”fQH‘F“%@?P’]’“{%"\Q °F'HP'
each out put i W, - ctor -

of sanples to ﬁ;,t%r 'Fg@ &’PF@@"Q%%FW%M‘F é@%’?’@ ‘(ﬂé‘l"b ﬁ'PF ﬁ‘ﬂ"p'e
function, 10 &°§ xRS+ ys c each pul se performs an FFT,
mul tiplies the s sﬁ’%m& e( nge com pression replica,
perfornms an Ig%qg g corrpressed data; the range

conpressi on rep- (eh&,ﬁdéxg @ﬁ&&g&agq)or I'ng to the rel evant processing

bl ock but the m@ahﬁ.tersa&readh%maaanmdck If&aacho.stmmwaaepﬂ&tnakdcemeﬁl@eﬁéwc.m(m

process 4s \Aehh-cmgwmﬁu.ﬂaofbhpme/wkr |lah@fle tdirebgdhdingolumn Sbt R GAL(RPABEERGHLO

Data is processed in overlap |;8° bl opkex ﬂﬁ&l Ed’?%ﬁ’%gﬁebl ock start and end

pul se indices. An FFT at con-°" )stuszFa off d one each row of

each bl ock; for each frequencyCRUIRM(Fanel@PRP) X MAZERTVARFand phase conj ugate

function i s giiiEtcemputes and tabulalpafor each pracessing hlotk, far eapingutnytrdw, afheterodyning frequemyit

row. [er#] 25FueiBs) aade phageofigetnd(Ryaeeerding ta: nt er pol ated to generate a new
coldtm, defi ned by the sanpling g [.er_ﬁ_&byp edures known to those

skllled inthis art, and multiplie °F ach row of this nodified

bl ock is then | ogi cal | y shifted i grg gmw_t.qgmn by [err] CQ,

mul tiplied by the user specified azi nuthcreBapr essi on wei ght- ing function

and an i*hver sWhe®T perforned; For each resulting row a sanpli ng conb,

AINDX, and phase function AOfRo) T 1Ox(UPif) ér(‘b\‘za(feﬁsﬂ'@lé%(“dﬁq@) to: [err]
(start sanple + (N-1) x stretc B)iﬁ):fﬁa for N—lto nunber

ﬁ(?
f | t t put tart |
A R B #@R«iaﬁ{mﬁé Conb.

Eggu ti ﬁ;cgir g{epﬂf%&lﬂﬁﬁ%ﬁwg %?@?ng[ e? r%}?ﬁﬁ e ires:e}I tﬁ#:ﬁ'n%' ocko?ngufgﬁ{]

i mge Data Tables
35 The following tables are generated for each processing block:
Block Control
. (i) Start pulse
“ e (i) End pulse

(iii) For each output image row: start and end image pixel location.
Range Compression
45 (i) Frequency domain pulse reference x g(f) x user specified weighting function.

Azimuth Compression

(i) For each output image row:
50 = R(1), R(2), R(3), R(4) coefficients
- 6(1), 6(2), 6(3), 6(4) coefficients
(i) For each Doppler frequency column (N_AZFFT):
For each wraparound:
~ Number of output rows to be generated
55 ~ AF, AF2, AF® where AF is the difference between the column frequency and the centre block expansion
frequency.
(i) For each output image row:



I.s then output to storage. Block Merge The final coherent inmage is
assenbl ed row by row fromthe contiguous bl ocks of inage data; each rowis
40 offset in the image frame by t hEP Q%1281 xe| | ocation of the row In the
first image block less the mninmumstart pixel |ocation. The resulting
coherent image +&CObtai ned in coordinates of m ni mum slant range and tine
of closest ap- pFeach, is at baseband with respect to the range di nension
and at offset Doppler frequencies provided by the [err] tabul ation. 45
Caims 1. A siyfereaghroytouidmageraw: synthetic aperture radar carried by a
ﬁ"ﬁg Vehi cl e Tﬁt’F-ﬁ’ﬂP'ﬁg an antenna, the radar using a beam which has a
centre and is sc%fﬁ Ber a surface to be i nmaged and mapped so as to trace
out thereon a centre positions, which processor

conpri ses: V)Sléseb?p(?g%egy@ 5‘35‘?"5‘!’?5?’13‘?’°’%W€'|’"8?°6r (17) including processing
bl ocks; rfb)RaFr@_P@@ %ressmn nmeans (3) conprising: pulse FFT nmeans (6) for

perform ng ul se echoes, and providing spectral data, 55

I P ir&?g&%ritr“ai@%%” uiad @Fez%“;gr;* b fRd i 42
te i

th

effect pul Siga i Sidcl AbdoRig torthere rh Bﬁa( ‘?’g [ an
i nver se 1FFEdqdaooB§§asmnlkﬁdvfhltdtﬁ&e%ﬂmﬁrﬁﬁéa at a, and mit ﬁcapﬁg?gsdg%gg
means (4) conprising: 9 EP0298112B1 - ACOL - FHET (|v) For each out put

| mage r ow. Azimuth Compressionst art sanple - stretch factor - nunber of sanples to
output. (v) User specified azinmth conpression weighting function. 10 Range
Corrpr essi on TPata is potessadlinaverappigtincis, iditedby te blotkstatand-énl, pulsd ihdiéeR] AnFET biften-
s ctrabo dataat ringe fsiperfarmdsi dne eash rawzohepsh blook: formasieimaency coloinh @ Ssmpikey comb BRI phiise
rse FFEoygdteirctionisyendmied; anogrdingtonpr essed data; the range conpression
rep lica |F§’%°E'T‘E‘EIE°€‘H'"‘&000rd| ng to the relevant processing bl ock but the
update rate |"OrPRROUPYLtIMWEa) - the fine detail of 15 the process is well
known to tho&“"’éﬁﬁ) 17 %‘d’ RO 5 REWF AREWEN= E5 BB s P BAFDROBIAFE +piOsE s ed
in overfa rfP"rﬂjc’b‘F’b'E‘deata(Fe'ﬂ'P"ﬁ@ gerterates| nowicolumm definedhhy teersdamplinh samb Rydi(Boby An
FFT at con-°’°2?5’"’°§f"5’?’(f' ‘°rt5‘?fgék"|°§ infis ar AReAuitipliad by AHO(RovEagh rowzot tisiiogified: bldclois
each frequé'}? ey srhﬁ’ waFB- mpltiplipsHhy the uses pRegifiestagimut qernriression weight-
generated, | aparound For each output row [err] 25
For eacl c f"'::ﬁﬁb 3 %1'°Y"§s?'ﬂ £"e, 2ro98RRAAPALINGIRS | ned by
the sanpl i , ¢ ol on to°'E'T'ro§5’ "wipper ofRampigS o RptRutiy ¢ |
xrﬂ{Ferr row

LJ.

=
-3-
- -

and rrultrpl d BUSHi fied block is then

| ogi cal l'y &rd #'t“lé% led fow i3 interpgldted arcmrmgm ﬁlic@ﬁnn"ngmhbﬁmxr agdordling tb precedure known
user speci f fadepsesilipdip spck eacbirespitingeixejistmultiplied by axprigN).Jhe msuiting blodkiakogtpetimegs T
per f or nwd; BEAn oURRtP 198 t i ng row a sanpling conb, [err], and phase '
function, !@rr'é are generated according to: 30 [err] = (start sanple +
(N-1) x st ctor) m)d NAZFFT, for N—lto nunber of sanples to

. + .
°9t put; [err ]The ﬁr(a?ooﬁ rent |mag E aésgr%ﬁtd rgﬂ by ro from }he o}m%at}oug ﬁ(lacisegf)rrﬁage data; each row is

o/ 4 Offsetin the image frame by the start pixel location of the row in the first image block less the minimum start
pixel location.
The resulting coherent image is obtained in coordinates of minimum slant range and time of closest ap-

proach, is at baseband with respect to the range dimension and at offset Doppler frequencies provided by the
Fier tabulation.

Claims

1. Asignal processor for synthetic aperture radar camried by a moving vehicle including an antenna, the radar
50 using a beam which has a centre and is scanned over a surface to be imaged and mapped so as to trace
out thereon a swath having near, far and centre positions, which processor comprises:
(2) a processing parameter generator (17) including processing blocks;
(b) range compression means (3) comprising:
pulse FFT means (6) for performing and FFT on pulse echoes, and providing spectral data,
55 pulse replica muitiplication means multiplying the spectral data by a range compression function
provided by the processing parameter generator (7) to effect pulse comelation, and
first inverse FFT means (9) for performing an inverse FFT on the muitiplied spectral data; and
(c) azimuth compression means (4) comprising:



and a-nodified rowis interpolated according to the cyclic sanpling conb
[err], according to procedure known to those skilled in such art, and each
resulting pixel is nultiplied by epydegiidgs The resul ting bl ock of output
image is then output to storage. Block Merge The final coherent inmage |Is
assenbl ed row_ 3660"" fromthe contiguous bl ocks of inmage data; each rowis
40 offset in t I'mage frane by the start pixel |ocati ll mlmnml ﬂl{he
first image bl (3575 | ess the m ninum start pixel |ocati oﬁ““ﬂ e‘

coherent i Mg@Go sackBtdik ffage foW: COOF di nates of m ni mum sl ant o akge® ant t'i ne
of clogest ap-gsireafde IS at baseband with respect to the range di nmension
and at of f set -lowgaH fadtorf r equenci es provided by the [err] tabul ation. 45
Clains 1. A sigunterprsaféstobutpul Synt hetic aperture radar carried bya
novi ng vehi V) Userspdcifiel azpnuthrcompriession aveighting funetidar 50 usi ng a beam whi ch
has a centre and is scanned over a surface to be inmaged and mapped so as to
t r ace 1out Range Cerppressiogwat h havi ng near, far and centre positions, which
processor conprises: (a) a processing paraneter generator (17) including
processi ng Bhowriam lqaps each pise petionns anEfTo multiplianthe ebptral datp by the ngulatptutag@ q?-"lﬂT
means ( 6) Pression replice.pearmeaniFyarseFFT apoytpytsthe rargn serpressertials; thetapg

data, 55 licais selected accordinglp the relevaptiprogessing blpqk|butthy yndte r?éedﬁgonrﬁtrltat °>ﬁl‘?16°t*t"t?é
spect r'al ‘H%t"awst/'sa'e'f'a‘ﬁ 'ew@l?ﬁ‘b &P 8P &%unct i on provided by the processing

par anmet er REEaL L {,7) to effect pulse correlation, and first inverse FFT

means (9) ng an |nverse FFT on the rrultl plied spectral dat a;
and (c) azi %Q&&Q&B&?%ﬂ&ﬂﬁ% ine 3 na%den ﬁpEE HFFT abgont OW
FFT MeanSsidnl fhgeli€pertBie e.tergaaﬂo@ bIGML £r m dea a, bl @J‘t
range from,jggaegmn S0P henBralah torange conpr 8356 él‘ata az

mul tipli c;atrb&nwma,a&d?M) to effect mul tiplication of the sel ect ed data

W th com pFéereathdututraird 5 second i nverse FFT neans (15) to

ef fect the Run@)se R(1)anR{EMF= G3)ARWs REGAFDNE 2pk (O SE 8 ()AL (3)aMaF 8@jap)] sed
in that treedthaaS ditgisenlEedes gei6a®adew koliifin, A&AnadIS|Ask SamiplifgRBMBIR AR by f

pr o- Cces Sgécediurds kA6wrXa EHSESkMEdin this A TardmultioRaibg bﬂ:-nm)l Edth AdWCof Sl rRdiidd block is
geonet ry, thérdsgicatiyshitiad i dxyclia feahion by@@OLOmdtiphéd by 1@ uer eemiedezin{uth coftpreSsion weghtt hat
t he rangengiomperesdiao nverediF3 pérBymaonpr i ses between the pul se replica

mul ti pl i cier ash res@ting row a samplirgreemB, Anosa Al phiae firicticnt 0, iarewenesated-dcéordingios ( 9) :

squi nt* cohpeNatstadagmald + (N k steetdhdavtoriauod N_ABHFT for Nl ériumberbsainpiss deoutput;

m gr ati orP(®oT 2eeld *bg—t‘ kptarjimage\asatipp sH(NT)-stedpdseddhen performing an inverse

FFT on t hag Bviokiidri g infbR:diaR HRBRME Iohb FHIRShipthg St Aoy, &c&rhiﬁitotphﬁed%@ mm
CONPr essi 5 thosBRANS insthoh aR GNP EdcH REuItHE b B hulifiRd bydkp-TofN). THE ABSitirig bidtk
azi nuth riemen afpubidlsiotage.i cat i on neans (14): 15 azi rruth rep |ca

eval uator neans (11), conprising range and phase pol ynom al evaluators and
a conpl exBlekpegent i at or to derive the conplex data from pol ynom al range
and phase coefficients cal- culated by the processing paraneter generator,
azi nut h spethefiapl coherdntimagedeasgeniifed row byyow §om the goritigurius bibcks bidmeggelatarsaciomivds n
an adeguatifeatin theimgge frametie the gtart kel Iacation of the rew,in the firstidage block less the mininiart glert
sel ecti orPXEeq88on1 3 conpri sing an | nt erpol ator to effect selection of data
al ong cur ve&he reulting.cabigrantimage faabtained inpaordinates.of gyinimuyseysiant rangg enddime ohlerest@rhy
the rang %Wsa‘ran Y E3epg o the fRpge fimengienand aiffset °Pﬁﬁ’f’??51°i“i‘,e&tpf°d'ﬁeqt§’é'ﬂ‘?s

t hen ef f edi ftiplication of the selected data with the conpl ex data
gen- & ated by the phase polynom al evaluators, and in that the processor

conpri S€Claims

1. Asignal processor for synthetic aperture radar carried by a moving vehicle including an antenna, the radar
50 using a beam which has a centre and is scanned over a surface to be imaged and mapped so as to trace
out thereon a swath having near, far and centre positions, which processor comprises:
(a) a processing parameter generator (17) including processing blocks;
(b) range compression means (3) comprising:
pulse FFT means (6) for performing and FFT on pulse echoes, and providing spectral data,
55 pulse replica multiplication means multiplying the spectral data by a range compression function
provided by the processing parameter generator (7) to effect pulse comelation, and
first inverse FFT means (9) for performing an inverse FFT on the multiplied spectral data; and
(c) azimuth compression means (4) comprising:



25 -~ (d) image formation means (5) connected at th
azi nut h conpression neans and com pri Si n | mage resarrp gmn" m@m“‘;
means to effect inmage bl ock geometr eoam pBhse disconti nw oy nemmva
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centre at the near, azdnauth replica maiiplicatiorsuebs(1)ds effectamdtiplisation nthesselebtad datawithicome s
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poi nt of appro aeqgsor fiter parameters, thm maoyonAnd porenna ﬁg?rqegh&éuse by the other sections
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paranet dfs as a™PiH ans :

ef 1t) com| nsa% %ogr%an )§9ﬁei’m:“a’tsecom]c s] erlq ﬂ%n%rlre%n thein

paraneters for I]::_.’I? m I, p,l_.éon ;1 % dERan
rSsB o?n éés

for determni ng ranigﬁ“a fay 'Eﬁ g
required m ni MugL GG p,ult,p"ca“onmy eans 1t or corrputl ng bl oc

geonetrig and phasegfilid fBfifca aaru&a%aﬁssm)a&ﬁ.p&s?n)g dﬁgiom ph&¥e pBiERIAl dvailathts A<
col l ati on par angtéMpfex efponéﬁhﬁdr%hveﬁfe%ﬁﬂé&fata%ﬁ%l @I rhifye GhdphBide cdefftientd cal-
wher ei n t he proggiéd by thelpricetaiy ferang®in géneiadf, Nas nmeans for 45 generating
and storing for eacdkiniith spedtalbiuffdr medhs AL, chhpriakig a bednk ditstoragh @ doftaif) BrioEieQARY ldrge
produce t he i maambet df wftdhdf@ms,agd dat a t abl es; a bl ock control data table
ggtrl Siang a start ¢ud suaptioarmemsdapuhmngaardmfarpdatarto effeciChelectin pivatpaalopg maves in
i on for eathhspettrahbyfenmeansiaceprding tavalugr computeddy tharangerpglgnamiahpyveluster thewaziutha
tabI e conpri si nipplichgu Lewlwarcmeammmmmmwmmwmlew dataivith e eampley dats gen-
where g(f) is [e-raiejibsr ghasepolypemigi @yalvelers, . i s the centre video frequency,
10 EP O 298112 B‘l" g)@h#t}herr’@cmwmmgqs time deri vatlve of range, and [err]
is the $8cond t (i Mt rang, @) qo at-thaputput of g azimyth pompEessien %ﬁ"f com-
function; and aﬂ"sa‘ﬂf \A and ufferind meqns tq effpgt aP?r‘ﬂ?cﬁﬂ?%j“'FB’Ws"h syt
of Doppl er f r equieMEYP! M imacs sefletieB, prising for each of a plurality of output

| MAge I OWS 2 A signal prockdsér ac&fl ngt&aam&na&n b Prabestiny ARk JeReHEIAH A cOrhprises:
Doppl er frequency %Q@W&Qnﬁﬂllﬁg e/ 1£24URB BR¥ENgltdle Bf fofBldbSrodimdiely i 4RHedm Bdntré BGhe
centre Of a proR&SE %dr Bl dBhtRGWath 6ds|t|3msfoﬁh@sﬁrﬁ&éﬁ?ﬁrﬁés\é@rrdéﬁﬂntﬁﬁﬁhpﬁfoxrmatelyto respective
Doppl er f 'requencma.dasmdm/éndpm@sbf@& motdsdingbloblOppl er f requenci es in each
Doppl er frequen gy medis for eamhputing, thel tif ofiselibr@achal thesst ppirts from \aslobest fnit ofapproath antl
and [err] and [ éwrdnge atkherclesdstpoin} ofiapprdals di f f er ence in absol ute Doppl er
frequengy bet we@mednefocaykivating rangscRrpplerfrequedcyandsupdessive igivatives of the tahgrodith respect
expansi on frequbiog atggivenlimé;or each of a plurality of output range rows, a
col utm of fset, () meane fangkadiatingllyifitiog calavlated asremeterpncasfunctigntol minimupmirgngeif or each

out put i rage T 0{f) means fos genemtisg yammetarsderieash i a plutality of oulgnidange AAILEMPHRNaMeAR o5
to oyt put; and [yfelamipietag ﬂoeezromffhvwﬁrﬂmww 00 RS AT £
15 Pat erff anspr 1, SI nal erar bei tun san eln Radar mt
kunstlicher Str T"@?“S& g:i égg:gg% “%ﬁaﬁ %ﬁgﬁ&@ Fahr zeug
nmt einer AntenHe™MBGELFY R 3 Radar nt einem St r ahl

arbeitet, dgr glidhaprodbdsérakbeo W daimy frd Whéﬂé’ilﬂh%r&oegﬁﬂ@ﬁ%ﬂﬁe@bﬁéﬂﬁrﬁ& means for

Wi eder zugebendgndiimg klstofitl ferieBénsoNa Filiralfty df BISEKE BiRtaGIRY pRaRb 8vlkdge Whe d,
um ei nen” St relfé|m.ngmatam&§;, Fern- und Mtteistellungen abzustecken, und
wobel die Ver- a block control data table comprising a start pulse, an end-pulse and a start and end image pixel

location for each of a plurality of output rows;
a range compression data table comprising the product of frequency domain pulse reference, g(f),
where g(f) is

exp(-2mi [L AR2 .LLLJ..

fis the bandwidth, f. is the centre video frequency,
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jewel lige Spalthb 9'5?18'%@%@%&%%%@@Eeq'mrwlﬂsmge-mmfanmw End-
ni edri ger Dopﬁ!'d@P"k”F’rJ%‘HG@PFz‘@?‘FaP'rY°'}@Gﬁﬂ“gﬁﬁ erfr eri](uenzdat enspal te die
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1. '1 .M 5 S (iv) fM jede ﬂgsbll%zelle sin Startnuster,
0| nen Streckungsfaktor und sine Anzahl von Aus- gangsmnusten und (V) Bi ne
vor besti nmrbt Bewertungsfunktion fM die Azinutkonprimerung. ~ 5
Rovendi cati ons=1. dRBpaaddreR&Ur de signal pour radar A synthese d' ouverture
monte sy un f{ﬁhi C dlearidecebstimmfreqgm@nd; | ncl uant uneantenne, le radarutilisantun
fai sceau qui PBg6sedislableiung ablec@rtinung fiiedsniBaleely Gwiur une surface a i mager

. die Ableitung zweiter Ordnung fiir den Bereich und eine vorbestimmte Bewertungsfunktion; und

eine Azimutkomprimierungsdatentabelle mit Zeilen und Spalten von Dopplerfrequenzdaten und mit
folgenden Daten fiir eine jede einer Vielzahl von Ausgangsbildzeilen:
(i) Koeffizienten von Schrégbereichspolynomen der mit Bezug auf eine Mittenfrequenz in der Mitte eines
Verarbeitungsblocks erweiterten Dopplerfrequenz;
(ii} fiir eine jeweilige Spalte von Dopplerfrequenzdaten zur Unterteilung hoher und niedriger Doppler-
frequenzen in jeder Dopplerfrequenzdatenspalte die Anzahl der zu generierenden Ausganszeilen und
AF, AF2 und AF3, wobei AF die Differenz als absolute Dopplerfrequenz zwischen der Spaltenfrequenz
56 und einer Mittelblockerweiterungsfrequenz darstellt;

(iii) fdr jede einer Vielzahl von Ausgangsbereichszeilen eine Spaltenverschiebung, eine Uberlagerungs-
frequenz und eine Phasenverschiebung;
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banque de st ockepgeraipe sultipiiées eficarperisées; 1 un nonbre adequat i nportant de
transf ornees de rargeeque lemoybh de compression en azimutif4) conmrend datredsineyet delffFTale rangée
donnees (13) coffpretleaerenda multiplication Henépligueszeh iezimet' (#):f ect uer une sel ec- tion
dei_donnees | e | ong Wenayenddygluatess de epliques anagimul (81) antales Suslyataurs palvapmiagx en
foncti of® de val %aneweaplaaesetp'apxmn@tmﬁmwe PRYT deédviseiles|donnsesijomplaxes & partirs
noyen de nul ti p?ﬁse%’ﬁ%ws Bivornia faflitancent d%\&“"?ﬂﬁ"“%'fﬂ“@b'? générateyy dgparappfees de tral-
mul tiplication fment ’donnee sel ect | on:;tees tp?%r;

end

aznmut (% comprenant 8? I:ﬁﬂque ge

nnees co | exes %enbreees
par |es eval uat?e‘é@%e mrun A m‘ﬂ%ﬁ A o ey
pr Ocessgé conpren et sEIBofiGH te Ubnrecd (jﬁ: ﬁé? DRELE uhb defbo-
sortie du Moyenyyiged 5 fefonj & ost6rtHd o% gﬁm devaleurs
re-echantil | onnagGiest daFFEdQu nmﬂﬁl%eﬁigta f'en WBEHIOQBHEU e“%m

suppressi on de %&mmwrau.aetrﬁumﬁm%ma&nh& ae fhGeshat 194Ekn

classenment d'i npgRs évakatedrs polyRbfie@SRPHesede Signal sel on Ia revendl ca on 1
dans | eguel |s gnereabi équéR pRéssiEdomprendde traitement (17) conprend: (1) un
moyen pour cal cdj rmdyan defomiatichad'idiégel (5 cornagts & ttkdrtid Qu RYenlds coiimiression bif AL et
appr oxi nat i venmecmp@bant emnmoyeti @e MisckaniiiBirageid’image atide mide enl MBMEIRIaMpon P6ur Sfectier e
d' expl orati on aymwesappeesion de discogiingits detgéaditierda biec dlimtigeede phase et un classement d’image.

55 2. Processeurde signal selon [arevendication 1, dans lequel le générateur de paramatres de traitement (17)
comprend:

(1) un moyen pour calculer la latitude et lalongitude de points qui se trouve approximativement au cen-

tre du faisceau, au niveau des positions de zone d’exploration approchée, éloignée et centrale situées
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respectives de debut, de centre ot B0 298,112,81 chaque bl oc ‘de *tr&ltenment ;s

un noyen pour calculer | e decal age tenporel de chacun de ces points par
rapport A un posunta stifaep en fesdrsiaets ke oqn’reamnqianbtdp@ximhﬂverhermadesl imputbion$ mepectivesde

ni veau du poi nt débutagrrentres st dé fn delchaqugblesaiadraiteinent; ' 5 (3) un noyen pour
eval uer | a di st @heemoypmpaur calsuleniedscaiegsienporekde chacyn da-qep peirisPan EAPPArtAW peint diap-
tenps suo- cessPW@!‘s'%Rl,”sIPa’c'@ﬁ%ﬂsbwe@d&taﬂW qy@iveau dy geintaap ’Hﬁ“ﬂ?rﬁ""ﬁrﬂﬁ?@ﬁ our

aj ust or &le mani @P\‘!‘W&'HMHV H%'ﬂ PMPF"@?%%’BU? régs RFFFAPAOE ap I9RE $uUSN
d' une di stance FﬁsﬁY g?

d's nerer des r
chacun d' une pl 'f'?yén ?5 %E’éldgmﬁ 'Eif"@f’ﬁf‘ﬂ!‘g ed@a'g'B?tfeFéa'%s SlEn ind Tonki2H trune
coeff Ci ents di stall_p

;g?ﬁ[?g?;{ Egn E:r%ye'f” %ngn Paﬂ u Tcé ne'ﬁé %EEXQSédQ&HP g
necessalres; remantu cd?:f:g% Oée«y YD g corrgctI fiof quadra-

geonetrie de bl r ranetres
de cl assenent d{% Mdyen &u,caﬁleﬂepmﬁ]ﬁeﬁgﬁges a&rdg\g/%%arggat ion |
e

ou 2, dans |loqu | e ‘gener at eurde paranetres de tralterrent conmport. un
noyen pqgsir 3erredcessewride signalsision la pevendication ¢ ou2, dans lequellb géndilatetirale dararndtes de tekitement
donnees qui depmente urneyen poungénérer gb stogkenpowrdhacnned'yne plutalité dekiers tiedrinedes g doivent
donnees sui varétre traitég ppar preduirel’image deataklessie dennéesariantRs: de bl oc corrpr enant une
i mpul si on de debutne &blede 4asuAes deepmmande; de bior comprasass upRimAWYien dadchst. uae imgulsiens g e
de debut et ddefi ?ﬂ“b@ﬂ?‘a‘&ﬁﬂ&%@“ﬂd 'hage qSIdé'?“&?tldP‘é“ RPE’qhﬁﬁﬁ'g‘b‘é'ﬁ‘ed@ de 'f‘i“!!""s"e
P et USSRt o o AR oS s o

pr Uit d'une [ ef )
s' exprime comfi@ndgiqmaingde "“?(f)'“ﬁ)ﬁe" primp cogme eXP
7C2 I 2- 30 oi f est la |argeur de bands, f est |a frequence video
centrale, ARO est la derivle tenporellg qu:pdr urygle | a distance et, ARO
st la défivle tenporel | e d*8P r‘@"déu@(—ge drst-a:nce- ai nsi qu' une foncti on
de ponderation pre- diterminlo; et une tabl'¢ de d‘onnees de conpression en
azi mut incluantdes rangees et des col onnes de donnees 36 de frequence
Doppl er et conprenant pour chacune d une pluralite de rangees d'image de
sortie: 4i) desfesRidgeur ®afidefiRst PmdquéhcéRdsodentdiest ance obl i que d' une
frequence DopaRgést Bidemisé@mpdasile dafiQinide i distiacd gtequence central e situee au
centre du bl oa dié t estiatdénvéstsmpdrelie iomm deunts ldidtanne) ainsi gEyne ddnctive delguhddéiation prés
de frequence [Méteminge;et| a di vi si on desfrequences Doppl er haute et basse de
chaque col onne de utetabiedesionhées degorrrension édaziriutincluantdesrangddeset dis colenngBiesionhées
sortie -0 de fréquence Bgpplel 81 comprenant pun rhaquned’ mlpluqmd#ngéﬂlmsse gmporties0 AF
est |a dfifl ren@derppeficient des eelynompsdecdistanpaobiique dupg fraguange P%'qu@#é%pad@woﬂé
col onne et une WMed@anenceceRim@leityéa pu eaniduplocidp Bitepenty g | ii) pour chacune

d'une plurali te("b@“" %%ge Wy%qeaﬂ?f@éﬁér‘%@ﬂ%mpﬂ'ﬁ"’ gg% %
fre- oppler, |
&\ Hage e Sort ﬂl&f‘iﬁf %ﬁw oy ,rg* el j: ﬁ? g sfabga%

certain 45 eoolﬁnneet F dédla t|on &t
fonction de po”ﬁéﬁ&ﬂeﬁﬂmﬁﬁeﬁﬂ@ ; ¥ rrut pr er m F"h m@%r) 5@3?{2
(iv) pour chaque rangée d’'image de sortle, un échantilion de départ. un facteur détalement et un certain
45 nombre d’échantillons & émettre en sortie; et

{v) une fonction de pondération de compression en azimut prédéterminée.
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