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This invention is in the field of autofocus methods for search (swath) Synthetic

Aperture Radar (SAR) imaging.

Description of the Related Art

Synthetic Aperture Radar (SAR) is used for ground mapping as well as tar-
get identification. The general principle behind SAR is to coherently combine the
amplitude and phase information of radar returns from a plurality of sequentially
transmitted pulses. These pulses are from a relatively small antenna on a moving
platform. As the platform moves, the information contained in the pulses is coher-

ently combined to arrive at a high resolution SAR image.

The plurality of returns creating a SAR image generated by the transmitted
pulses along a presumed known path of the platform make up an array. Theoretically,
during the array, amplitude as well as phase information returned from each of the

pulses, for each of many range bins, is preserved. The SAR image is formed from



bin, notion conpensated for spatial displacenent of
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In addition to the spotlight mode, SAR radar can also be operated in the search
(swath or strip) map mode. Spotlight mode produces two dimensional images of lim-
ited size of a limited area by steering the antenna beam to the center of the map
(image) center for the duration of a frame (or array). Conversely, search mode pro-
duces image strips of theoretically unlimited length by maintaining a fixed azimuth
antenna orientation during a SAR data collection period, or array. Unlike spotlight
mode that typically produces images oriented in the range-azimuth direction, search
mode produces images oriented in the along track and cross track direction. Un-
compensated platform motion during search mode results in image smearing in the
azimuth direction caused by pulse data that affects azimuth response. Because target
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while a second number of the periodic pulses’ returns are reflected from a second array.
The first array overlaps the second array by an overlap amount. The overlapping first
array and second array cover the patch. In general, multiple overlapping arrays cover
the patch.

The radar comprises an analog to digital converter (ADC) for converting the
pulse returns from the first array into a first digital array having first range bins.
The same or another ADC converts pulse returns from the second array into a second
digital array having second range bins.

A digital computer is used for

locating a first strong scatterer within said first digital array;
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converting the pulse returng fromthe first array into

a first digital array having first range bins. The

sane or anot her ADG converts pulse returns fromthe

second array into a second digital array having second

range bins. A digital conputer is used for |ocating a

f i s Skingtd SREnS GRbLE ke tMvet Rithis sdid sbtarst diditgl aaby;

array; locating a second strong scatterer within said

second digital array; notion conpensating said first

dirgdtied c?ﬁp?gmamg baidefpiedigithbasay erittotespert ¢ ssidi rdotion of said

NoVi n aiform ing.saird fir cH :
mondgy o fie Pt Plad! Rl AL ool o p S Bl 2B to obtain
a mooopenspeeatdd fisst digitpltaatayar ray; notion conpensating

s?i d sgcond digital array with respect to said notion

of said noving platformduring.said second digital .

arpeijon @%B@Iaﬁ%ﬁ?lg st P%ng é&&a‘gar%%lfaéfdwgﬁgé‘smech i%@isf”ﬁ]i motion of
saidg’_ﬁéx_ﬂiig FMMW&E@ s{)&?ﬂ Sezbald ?‘@i’daﬂ)ﬂrrﬁp ppehisi &chdtionstompensated

i.gj.tal, array to obtain a first ase error estimte
Secoé‘\‘?léi‘g’gﬂiﬁlﬁ’rst digital array ; gut of ocussi ng said

noti on conpensated second digital array to obtain a

secon e . j: Wel

e B R RGO RLIBh S Ry S 359 20 oFkifh atset phase
errop stliimateoves soisk fish degivthiaf8d error estimte for said

second array ; nmerging said first phase error estimte

cond arra , |
e B e g eab e e e B bl 8tabPa second

phase error estimate over said second digital array;

adding an optimizing phase to said second error estimate to obtain a shifted

error estimate for said second array ;

merging said first phase error estimate and said shifted error estimate over said

overlap to obtain a connected phase error estimate;

applying said connected phase error estimate to said motion compensated first
digital array and said motion compensated second digital array to compute an image

of said patch.

A first strong scatterer is found within the first array by computing a first range
bin power for each said first range bins within said first digital array and choosing
one of said first range bins having the highest first range bin power among said first
range bins. A second strong scatterer is located by computing a second range bin
power of each second range bins within said second digital array and choosing one of
said second range bins having the highest second range bin power among said second



appl yi ng said connected phase error estimate t o said
noti on conpensated first digital array and said notion
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of said patch. A first strofhg scatterer is found
within the first array by conputing a first range bin
power for each said first range bins within said first
digital array and choosing one of said first range
bi ns havi ng the highest first range bin power anong
rangs Mgk, 1 rst range bins. A second strong scatterer is
Iocated by conputing a second range bin power of each
second range bins within said second digital array and
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processing in a preferred enbodinent ; Fig. 3 shows
t hetheebgiwigeof a plurality of arrays to yield the
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plurallty arrays th res t tothe patch; Fig 5
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find a Central Refer ence Point (CRP) for a particular
aﬁga.yz' shows a pulse to pulse processing in a preferred embodiment ;

Fig. 3 shows the merging of a plurality of arrays to yield the image of a patch;

Fig. 4 shows the geometry of a plurality of arrays with respect to the patch;

Fig 5 shows the processing of dechirped range samples to find a Central Refer-

ence Point (CRP) for a particular array;

Fig 6 shows the geometry of overlapping arrays covering a patch, each array

having a strong range bin with a target suitable for use as a CRP;

Fig 7 shows the geometry of overlapping arrays covering a patch where the CRP
found in fig 6 is used to form an image in the vicinity of the CRP;

Fig 8 shows the use of the Polar Format Algorithm (PFA) as used herein;
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the geometry of overlappingéarrays covering a patch
where the CRP found in fig 6 is used to form an i mage
inthe vicinity of the CRP;, Fig 8 shows the use of the
Pol ar Format Al gorithm (PFA) as used herein;Fig 9
shows the geonetry used in conmputing Azimuth
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aut o- f ocus (AF) AF depends on |nfor mat i on cont ai ned
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the in-phase combmatlon of the information contained therein. Phase errors arise
from navigation data inaccuracies from motion compensation, or from atmospheric
effects on radar returns causing de-focusing of SAR images. The methods used to
compensate for these type of errors, is called auto-focus (AF). AF depends on infor-
mation contained in motion compensated radar collected data to perform relatively

fine, accurate phase correction not originally provided by motion compensation.

Unlike the case in spot SAR mode, processing for AF in search SAR mode
requires continuous estimates of phase errors so multiple SAR arrays can be combined
into a large patch. Furthermore, images generated in search mode are oriented in the
along-track, cross track direction, unlike spot mode. The best mode embodiment
described herein performs AF prior to batch processing using images formed by the
Polar Format Algorithm (PFA). Successive Parameter Adjustment (SPA) is used
for the estimation of phase error in each AF array. A preliminary area search is
performed to select an area in the image having a strong return. AF images for the
estimation of high order phase error by SPA are formed using PFA to align the data in
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of scatterers relative to the moving platform as it acquires radar returns. The motion
of the moving platform with respect to a focus point is typically measured using
accelerometers coupled to GPS/INS systems. Motion compensation is performed
in an airborne digital computer (processor) on each I/Q sample of a radar return.
The exact form of motion compensation depends on the method used to compile the
SAR image from the radar returns. Residual phase error is the phase error present
after motion compensation has been taken into account. Residual phase error from
various sources, such as uncompensated sensor motion or atmospheric effects, results
in degraded SAR image quality. The reduction of uncompensated phase error over a,
whole (search) patch is the goal of this embodiment.



Mot i on conpensation is the process of digital
correction of radar phase error for each radar return
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in position of scatterers r&lative to the noving
platformas it acquires radar returns. The notion of
the noving platformw th respect t o a focus point is
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patch. Phase errors that need to be compensated cannot be estimated for all targets
on the ground in a continuous manner. Therefore, phase errors are estimated for
groups of pulses using AF patches, and then are properly connected for a continuous
stream of phase error correction to be applied to all collected pulses descriptive of
the patch image. It is necessary to make smooth connections of separate subsets of
the image, i.e. AF arrays, by merging estimates in the overlapped common period to
avoid high frequency noise in the final image. Constant and linear phase estimated
correction terms are introduced so that the overlapped portion between consecutive
phase error segments are optimized using a least square criterion, considering that es-
timated phase error from each AF array does not include terms lower than quadratic.
Complete compensation of platform motion error cannot be computed solely by the
AF function since such compensation requires estimation of angle error as well as the
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Constant and |inear phase estimted correction terns
are introduced so that the overl apped portion between
IC SmedLmbie SpRas® cessingy is segdehinstvwar rocgstingistagts uBilsg ta Pulse
: | s siger [ Y
aud 85 PSRN, Ty VEL SRR, QR 1R ) Do Bher e IBEH horen s
applietwin at tyzicalseatelmade ings ferdaldompbrsatipppt &9 the AF function

is sRhRId0NAR "B {:2Be 86F Al GABRRH RBses OMHB kostrBiioPY02 Rémoves
AF function since such ensation.re

h co ir .
the ggipfratiq BRassrogmament 1 Gicintecaerl Tabse YiReT: Eﬁ& bgpspifiied pulse
use£lih @t - frebfigsicyt iihledﬁslétéd_l (CEMO rveesiormatde @adtcarerseat so range Re-
a error on to.improve jm ] .
sorcBfi 04 i Etaded e caToltan AR Qi aORA i potimated
errdrhieclaped iic ahe collatednaddE feturosi dihis Témnatedrerron isegpanpensated

bef(?rggggilg]gghmﬁggarﬁﬁ%% iPebLBht worse depending on the

Ion error encountered in the acquisition of
the radar data when phase error is corrected using any

AFTREWOES culthBn OF eBEhoGk performed as shown in fig 3. Before starting
the major AF processing steps, radar returns for each AF array representing a portion
of the overall search image are selected in Take pulses for AF array 301. Radar return
collection applicable to this method is shown in fig 4 including parameters used to

derive AF estimated phase error.

In fig 4, Lpr the length of a data take for a patch 402, is determined from the
desired AT resolution 647 and the width of the image patch in azimuth Lpy. The
data take is is divided for a patch into two or more Nara autofocus arrays such as
404, 408...406 so that combined phase error estimates can be applied to the pulses of
length Lpr when N4p4 phase error estimates are completed. Denote the array length
of an AF array and overlapped portion by Lpr,ar and Loy respectively. Then, using

the overlap ratio



is that suggested by D.E. Wahl, et al, New Approach to

Strip Map SAR Aut of ocus, Digital Signal Processing
woerokeimaps 1994, Sixth | EEE, Oct 2-5, 1994, pgRCBHBSH66/030025

i ncorporated herein by refdbence in its entirety.

Search node SAR processing is divided in two

processi ng stages: Pulse to Pul se and batch processing

for the SAR image. Fig 2 shows where the nethod herein

is applied in a typical search node inmage formation

chain. Input t o the AF function is sanpled data in

range for all collected pul se&y Range conpressi on 202

removes the quadratic ph3dée cofponent in each received

pul se when the transmtted pul se uses |inear frequency

nodul ated (LFM waveform The results are sent to

r abhgesRescpllatedddom DF gener at ed by the aut of ocus ( AF)

function 206 is the estimated error included in the

coll ected radar returns. This estimated error is

conpensat ed before Azi muth Resanple 208 is conputed.

The AF cal cul atiop, of. e~ Af AF kmr performed as shown in

fig 3. Before starting tMeamajor(NAFs pripcessi ng st eps,

radar returns for each AF array representing a portion

of ,1.,he overall se rrfh i mage are selected in Take '

ot Ecmpy asgrusd by T ARdwaees erigpiddsl fhecrangs and azimuth
direatiph i Ttab kize od t}gmjtt\y iifRleh o ai'.Aﬁénﬁh ?Wlih %Hbdsfcju%t“aﬂgﬂ’&bsy?g &gculated

rs.used to. derive est i e ase error. In |

for P B B oot F AR et (TBRDA S e Hopnd main
lobg brogdemingifae@dr r om t he desired AT resol ution AT and

the width of the imge patch in azinmuth LPW The data

take is is divided for a patch into two or nore NAFA

aut of ocus arrays such as 404, 48%}1..406 so that

conbi ned phase ¢ -£g} | mates € b plied to the

pul ses of | engt hg%’%%' eh%F%Apm@seﬁoes?%or esti mat es

are conpl eted. Denote the array |ength

The number of pulses Nap4 in each AF array are calculated from Lpr 4r using

&

Lpr ar - PRF
v

Napra =

for platform velocity v. When platform velocity changes significantly during
data collection for a patch, the number of pulses for each AF array are kept constant.
The AF array is not fixed.

2. Selecting an Area with a Strong Return

SPA is the method used herein, and it is based on contrast optimization. It is a
preferred in this embodiment for imaged areas having high radar energy reflectivity.
Areas of low radar energy reflectivity include lakes and terrain masked or shadowed

by adjacent hills, mountains or other features. As shown in fig 5, dechirped range



of an AF array and overl apped portion by LDT , AF nd
Lov respectively. Then, using the overlap ratioLDT, AF
W0 goocalaes at ed from AF arrays are used to for nP@FUS2006/030025
i mages oriented in the randgd and azinmuth direction.
The size of the AF image in azinmuth with the squint
angle gsq is calculated for the desired azinuth
resolution dAz , wave length |, mapping range R and
mai n | obe broadening factor k : The nunber of pul ses

nwp(chlrggﬁghref&s %rlaﬂ!ea@ff@q@léﬂl@uhﬁaﬁathtfdhom tHaTtraAfmitspulge) are
ol BeAeeoueh VICEY 40 EEbLITUACI GRS Plseg e (51
in &t TH,A FoatnOntBEL ¢01p Tteebld ppinkds Ideﬁeﬁmamerdaby dhe sieipt angle
Osq %ﬁg aﬁm% R I }'&e ébé'l:l ﬁ@{ *Sas kvvil' ﬁleﬁlg 6: ]§ e%r’nnSOEfJ“i‘s for the

I‘OI’] he net hod used

redheicei of owtpt .sampéede%meﬁEoﬁ%r%ver&wh%W|laﬁ datg into the

n t
1maﬁ§ 6 gﬁeﬁlrcg H@ﬂaiaxllr ﬁéﬂhﬁﬂ? !E‘ri‘g?igrfgﬁlrﬁlﬂfed! %B@EQ cﬁb@l@’ﬁlon of range

bin paysE- drEpByber BARE P to)Weif ﬁ lfaglnli%%eghe ﬁl&op%tr pg}%\c’lm return
enefBS KEEaddr ra‘ﬁg@dﬂﬂﬁﬂltbm @@aﬁiﬁ:@ﬂﬁl bnrrhj/s Thasmmgalbms abra particular

azupgﬁb\éfg:&ﬁtﬁe églO(lg?ﬁtrt’ ﬁ{%om@ieaft &5 éﬂl }}e%tgga?lgF l]iower provides the
coondidateatof oime @bntrabRefemmﬂomﬂ@eB) wifbzedoior @nage formatlon using

PEA QIREES: e(adbe( ) vv!th respect to a point on the scene
center [1n (1 in MG To A Point On SCL 501. The MC

point is determ ned by the squint angle gsq and range
R flpﬁg ga ﬁﬁaﬁ‘%O@@fa@Ner@%laﬁJ] et B¢, gv}@re Paice Hitir608 308 a strong

the reduction of t sa
Scotigifio AL, PRGOSt S0 S PRASH SAGe e Ryt bas &
strélpnRbiterofzic Fhde HRT606s Thetplatdoum gethefing thédata moves along, with
VelcaI cul ation of range bin power. Conpute Range Bin
BoWef - 507 conmput es the anount of radar return energy
in each range bin within a particular array. The range

3. Phikedtrf MAfhitssH Bhsed on SPA using images formed by PFA.

Phase error for each array is estimated using one of many available AF tech-
niques. In one embodiment, a technique called Successive Parameter Approximation
(SPA) is used, described in the parent application, S /N 10,996,246, titled Autofo-
cus Method Based on Successive Parameter Adjustments for Contrast Optimization
, filed 11/23/2004. This technique was found robust for this preferred embodiment
as it does not rely on point like targets that are typically used for the Phase Gra-
dient Autofocus method (PGA) described by D.E. Wahl, et al, in Phase Gradient
Autofocus - A Robust Tool for High Resolution SAR Phase Correction, IEEE Trans.
Aerosp. Electron. Sys, vol 30, pp 827-834, March 1994.

SPA, as used in this preferred embodiment, estimates the coefficients of the
Legendre Polynomial that is used for the approximation of the phase error through
iteration loops to maximize the image contrast measured by entropy. To use SPA, the



azimuth with the strongest return, that is, the
hi ghest range bin power, provides the coordi nates of
wao @708 al Reference Point (CRP) utilized foPCT/Dsaye6/030025
formati on usi ng PFA as descli2i bed below. In fig 6,
array 602 gathers data around SCL where range bin 608
has a strong scatterer. Array 604, overl apping array
602, also gathers data around SCL, and has a strong
scatterer at range bin 606. The platform gathering the

imatatia fcsmvsaSu@hgw@e of tHhe Nﬁg@%hﬁa’c\/@n §lgoﬁﬂﬁ§§ s@éH & PFA or Range

gl e Pames SRV s e TGl Gbotg topicaisrdisplaced

in avamytlaienl did endye formedh byi E]Mi“s ard notoalégreftiadinentThus azimuth

desé%% slgg 70 ﬁﬂ%ﬂ 9{% eéﬁfég Efsg(])rYe% 5 %ﬁﬁ%str cgers] fatgegc{p Jlnxtgg’?)fx%aﬁg 6,670,907,
é?f@erzhﬁr 3Q;i W&Eommcbﬂ@ng@@ avbnhidddBkseduneiion, PFA is

useSue %E@ﬁféf&ré%?érﬁﬂ@&%enﬁ%é‘ﬂéimm& %re%@%fg ?ered image ar ound
3/2004. This tec

t filed 11/
theggf‘f&"ﬁ? Qagwbggh%to%fletfgﬁl%dl é@‘é?ﬁtww%é@jbwu%@ 2% d]@@@ged with

respuot to Bf 5, are shOWﬂtln|ﬂngp1t1@f @ﬁl@lﬁlthPﬁr €n 'ﬁépﬂ &8dal B03URREred by
ocu

arr %,O 602t ]?a%elgelg@ %’E(BICEI c%Pﬁnsaiée@ T ?s[pegh’%‘)sigqeétx%)&g$§tte1 rer found in
Tan@@,lb@f @Su §11¥1113X1}?@bets70 1T myleraﬂdly dir g6 (Relsan] heteh amotSAR ompensated

ns. Aerosp. Electron. Sys,
Wltl?%’s?)%%tc%gﬁg%% 34%&%%%061994 SPA, as used in this

preferred enbodi nent, estimates the coefficients of
t hEhé@@@déﬁb”lﬁg BedusRediial PRhAL gh%wﬂSi%dﬁg @r Rt to PFA is (1 ange

o BRER SRR bt R e ARt Sretion, |
not eadminspiyfm 'IRFAJ $maGPhr 4 hebtiege sinallf OF ﬁﬁl@g@SMwwﬂn@oﬁbensatlon
Usntﬁ%]%R LB Ik?{lg?t Io rﬁe?lﬁ%ﬁél t e %té(r:lgmgi ggg%ﬁﬁtrggﬁa&%gngef point

CBtPa)erétl@ ag haithnad én dig S| Raregd interpolatiut 804 sniAzheuinnagepolation
806 T2 R0 e RYANRTEp N9bh Aol ANE D5l dbslr B inTREG &ZL rIltjtlﬁange FFT

808 produces range bin data with spatial frequencies in Azimuth. The output from
Range FF'T 808 is input to SPA as described in the parent of this CIP application.

4. Merging Phase Error Estimates From Overlapping, Adjacent (AF) arrays.

Phase error estimated for best contrast is calculated in accordance with section
3 supra using data uniformly sampled in azimuth frequency. To compute a composite
phase error that is to be applied to the pulses descriptive of a patch from a separate
phase error computed for each Af array, a phase error is computed for each pulse using
the Legendre Polynomial that characterizes the phase error in each AF array.Azimuth
frequency corresponding to each pulse is computed using the following expression
based on the geometry shown in fig 9, where M is the mid array point that divides
the SAR collection angle equally.

tanb, — tanfys
1+ tanf, tanfy,

tanlb, = tan(b, — Opr) =



deskew is used t o align the phase histories in tine
as described in US patent 6,670,907, to K M Cho,
woementars 30, 2003. To avoi d using an azi nut h deBGSRES2006/030025
function, PFA is used in thHé preferred enbodi nent
instead of RVA. Area of the forned i mage around the
CRP | ocations that are found to have strong range bin
returns, as discussed with respect to fig 6, are shown
infig 7 prior to applying SPA. In fig 7, area 703
covgled by array 602 has been notion conpensated with
respect to the strong scatterer found in range bin
608. Simlarly, area 701 covered by array 604 has been
notion conpensated with respect to the strong
scatterer 606., The @ oecgssinfg sequiince FBF PFA is
shown in fig g@n”ﬁbut t o PRAsiscdsfange conpressed)
dechirped return I/ Q radar data. Range deskew function
is typically not required for PFA inmage for a
r éflerei vel y smal | AF i mage. Mbdtion Conpensation Using
GRP 802 notion conpensates radar data using the

central reference poin CRP) .found as outlined in fig

6. rRENGE ﬁqﬁ%r@r%fea%’fi@# Séﬁyég‘?&ltﬁ% mut h i nterpol ation

806 are performed using a polyphase filter as

degscriﬁed i.n Ref.er nee 1][i Range FFT 808 produces range

bi f BARS SHPh 2RSS EF A b quenci es in Azi muth. The

out put from Range FFT 808 is input to SPA as descri bed

in, th ) S 64 P paatd on. 4. Merging

Ph%%gsegﬁe‘?%@g@ggn e{‘%tzm%g% IqJe()lrlll%aj{r;ﬁpi ng, Adjacent (AF)

arrays. Phase error estimated for best contrast is

cabgplafiRdaiise ageatidaneRrwl {hRSpCti on 3 supra using

data uniformy Sanpled in azinmuth frequency. To

conpute a conposite phase error that is t o be applied .

t Ohé hhapukses foesadi puiseds afonpuped ckinfyr dra polyepauiat with the

has r.ror eac . ;

coofGRRG Su B PRy poCBiRdl nB MYy BnBIRRRuRY fihe pube
thatod nelednd &y t hat characterizes the phase error in each

AF array. Azi nut h Akm=§tan(/_&9n)

for pulse n.

Next, the adjacent phase error estimates are smoothly connected by computing

a linear phase that will bring them into relative phase proximity.

The preferred embodiment of this procedure teaches away from the prior art.
In a typical approach, second order derivatives of the phase array error is character-
ized by a Legendre Polynomial and averaged over the overlap portion Noy. This is
followed by performing double integration to compute the phase error to be applied
to the (overall) patch. This however, would not function here because the second
order derivative around the edges of the estimated phase tends to fluctuate severely,
precluding stable results when combined with adjacent estimated phases. Thus this



frequency corresponding to each pulse is conputed
using the follow ng expression based on the geonetry
wGeheme7ies fig 9, where Mis the md array poi neCT/081006/030025

di vides the SAR col |l ection ldangle equally. tangn -tanOM
tanA gn = tan(gn - QM) =1 + tmbn Um bwhere Here, QM

is the squint angle at md array point Mgn is the
squint angle at pulse n yMis the grazing angle at md
array point MPRI is the pulse repetition interval

priof BRI gpprdsch pbalgefaty ror for each pul se is conputed _
using the polynomal with the coefficients obtained in

section 3 at the azinmuth frequency corresponding t o
t e cputirs®, tthatpréfsrree leatbedinsntf @mpiibs en Imptlﬁiﬁ%itng (ﬂllfl@ar) phase

by 268 SEra R BRe i e B BRRER, AL IO W SRS e Nov
using @1 1§%$tv@%¥m§@t%mXbmd@mg 'ﬁ?ﬂ@&b pefl eongdne phod teems, of shown
in Fighi1s Mr@cﬁlﬁjééé%nto%%‘éﬂﬁl%t@m &r o E%e 51a@Ed ﬁ?)['r{ %c!é]ﬂcé"ht phase

appr.o eco or der. defivatives
eSt%%gs]g‘%gr PQ@ Y@rP %Secﬁg?r&?}?e éerYGZet@eb%VeéaBég@ﬁimleNov It is
desirPad Ity medical amsinewm algetoiteize the payRr digbrcpes . on No v
This is followed by perform ng double integration t
0 conpute the phase error to be applied to the
( 9 énigithzeghe ghasd Hifferénoed er constrt cnalolindan phbbo R Aeauced

o GBS BLSARIS, B it Kk UV e 10
and second error estimate 1107 over the overlap region NOV The constant and linear
phase calculated below is an optimizing phase to be added to the second error estimate
1107 that will minimize the phase difference E using a least square criterion. Denote
®(n) the estimated phase error for the array m and pulse index n = 0,1,..Nar —1 for
Nar pulses in each AF array with Noy pulses overlapped. The phase difference E

between two phase errors in the overlapped region Noy is

Ap®(n) = ®m-1(Nar — Noy +n) — &, (n)

forn=0,1,...Noy — 1

Coefficients a¢ and a; in the linear function

fm(n) = ag + a1n

that approximates A®,,(n) using a least square optimizing criterion are calculated as

follows:

6 Nor "y . ABp(n)

n=0

Nov(Noy +1) (2Noy +1)

a; =



precl udi ng stable results when conbined with adjacent
esti mat ed phases. Thus thisprior art approach woul d
w0 ag0l7/074198 contrast, the preferred enbodi nent cPEPUSEE6/030025
an optimzing (linear) phasé by fitting separate phase
error estimates fromeach array in the overlap region
NOv using a | east square criterion by adding |inear
and constant phase terns, as shown in Fig 11. Here,
phase error estimate 1101, F _i(n) is separated from
adj acent phase estimate 1107, m(n) by a phase
difference E over thEgveabam)i ntermval —Nov- It is
desired to reduc®and swgpth, tHis opiimni/ze the phase
difference E. To minimze the phase difference E, a
constant and |linear phase is introduced so that the
phddender frg theupdatedsshiftad phaseds genavetd Hii addinghhs Bnear phase
Commﬁ@ﬂlgﬁﬁﬁﬂﬁh.'@ﬂg; and second error estinate 1107
over the overlap region NOv - The constant and |i near
phase cal cul ated below is an optim zing phase to be
added to the second error estimate 1107 that wl |
m nimze the phase difference E usjpng a | east square
criterion. Denote (rf%ﬁygfﬂ%ﬂﬁkfﬁﬂgged phase error for
the array mand pulse index n =0, 1, ...NA - 1 for NA
pul ses in each AF array with No v pul ses overl apped.
Th&rptradd. di-Merence E between two phase errors in the
over |l apped region NOv is Coefficients a0 and al in the
l'ipear function f m(n) - ao + acri that approxi mates
DFNETY R fialg 18 adiacert agumie mepgaddoy greguek smeptlophasedransition
fromadreayl @t &t g Sofroinkahe SHI fmagd i the S16h UPHALRGse psro0TH (1) 14
beﬁﬁ&f&ﬁp ha%e I s _geperated by adding the I!near_ﬁﬁase
compute %@ﬁﬁﬁSWﬁgﬁgﬁe hus Next, the data in adjacent
arrays is nerged for gradual, snpboth phase transition
fromarray to array, form ng the SAR i mage of the
pat ch. The(phase to
O MOOTH () = Ay - 81 (Nap — Nov +n) + (1 — Ay) - &, (n)

where
_ NOV —1-—-n

An
Novy — 1

for n=0.1.2,...,Noy — 1

There are no changes in the non-overlapped portions of the arrays. That is,

B OOTH (n) = &), (n)

for n = Nov,Nov + 1...Nap

Repeating this process for all arrays, updated ®§M°°TH is used as the first array
to determine the linear phase that is to be added to ®,,+1(n) foradjusting and merging



be used over the arrays considered: where There are no

changes in the non-overlapped portions of the arrays.
wabav/07898 Repeating this process for all arrayBCT/US2006/030025

updated is used as the first6 array o deternine the

| i near phase that is to be added to Fm+l (n)

foradjusting and nergi ngphase data in the next

over | apped region. Wen the |inear phase adjustnent

and merging of all arrays (AF segnents) is conpleted,

phaSi@LNL % HE MRREGEShpPRATEzienr or is applied to
conpensate all array data for a patch. To elimnate

the i mage shift that is caused by the application of
t ighbh NBa linphasesadidiistiment and erging ednllcongon@dt siggnents) is

cormpfiIey Sl BT LIS GRAPSRIL 2cBP3Gphiola L EuhbEsby Al oy data
for aipmtehs Mhielianhatetihs bdagsrshifh éh?@t\ﬁé eduspd batthe ab@h%é@ﬁ of flee linear

phaé\@cg}lgm&ftrﬁ% ket G@mﬁBﬁ&ﬁqé f@n&l@ﬁ%&n@lﬁﬁe @(ﬁﬁpbsﬁ&: Hls6 for the

I'h the current datat e. A
frtapigaha s AP VEES PP Al HaHer I SbTGHE S dote similarly

baséj:g@rn?'th@gvér[hpﬁ*agloll?etwéé’rﬂﬂﬁglab’tDAﬁ‘l grdyain demprecddng d2k0take and

radar, 1200 tes digital datat o be
the c‘égﬁé’cﬁyv&nt%er?u@@ﬂgg{@% 61, Conput e Phase Error
Estl mat es for adjacent overlapping arrays 1202 | ocates

a ! é?ftg]%grt}’go %?a%a?c{lg ragw %Qﬂh%dadefs&ﬁ]%d HiQid 8 fu?ﬂfe?)detalled

scatterer wthi
in lﬁgd&wdA@a@gt@d d@ttraéycomrteé a0 @hr teeinfreins dZ0Rg g%%ﬁlates digital

dat£ I Se Bf&'e%s@? \%%ﬁl@lycdﬂl}%lh}e{ 9PLCiCd; 1Rle abTh 26 MEFOL B3fimates for
duri ng sal I rst

e ot AT iy and o L (8 g
arrsfl Sid alsodbEays aMetdndnsteqippemasiatdroniths peedoodndiditehatrhe while
mo %gg%gpgé%'ﬁlglsag 151§¥ dlgﬁ,]ag %1&9&:}7” ﬁla :'l(gsltpte ‘{‘t& ?mﬁ)nﬁlaltn%glon during
saidafits® Higited smdxytamdc&iai(hﬁmt atrohg scatphrasto ebtedy a élsqtil%@%npensated
first H%lt&l array. Motion compensation is performed on the second digital array to

obtain a motion compensated second digital array.

The first digital array is autofocussed to obtain a first phase error estimate over
said first digital array, and the second digital array is also autofocussed to obtain a

second phase error estimate over the second digital array.

Add Constant and Linear Phase 1204 adds an optimizing phase to the second

error estimate to obtain a shifted error estimate for said second array.
In Merge Data in Overlap Region 1206 the first phase error estimate is merged
to the shifted error estimate over the overlap region to obtain a connected phase error

estimate.

Compute Optimized Phase Error Estimate Over Complete Patch 1208 applies



said first digital array, and the second digital array

is al so autof ocussed to obtain a second phase error
w@saoroeties over the second digital array. Add (eeEUS26/030025

and Li near Phase 1204 adds 1dn opti m zi ng phase to the

second error estimate t o obtain a shifted error

estimate for said second array. In Merge Data in

Overl ap Region 1206 the first phase error estimate is

merged t o the shifted error estinmate over the overlap

the !égﬁie@iibdtplfhts;@ biat (@jst%n&ﬂértﬁﬂaﬁé @d)t[éﬁl?mntﬁdhé%ffdﬁfﬁ%dodﬁglt@l array and
ute imze ase Error Estimate Over e

the BREDH COROB IR PTG LT ECTER (HACHS AT SIRoBet Hfamoee of

the patchhevemtigniedrpeasdbednt idigtaldirgiyt al array and the
notion conpensated second digital array to conmpute an
enhanced SAR i mage of the patch covered by the first
anfdl seferendesdiitpc ml thas dagumeyt] aredheqrparaded irrereé@ ip fiheipegtirety

by (HR¢4EENt are incorporated herein in their entirety by
reference. Although presented in exenplary fashion
enpl oyi ng specific enbodi nents, the discl osed
stAlEduLheSreadBed @ ctdhtngefishion benoyihg Bbédific elbbdiments, the

PR Rl LU 0 i o
optiagpdticraldreinf io deswibad in e s)'niré}!:taaf ai nadlgi sypteret, Moigslso applicable
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sunm . edp urality hase accurate
cohgreptusursminghebe phikplityeef plikpse Becipte i/EWMSal so appreci at e
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to the enbqodi ment descri bed herein without departin .
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notion, a first nunber of said periodic pulse returns
reflected froma first array and a second nunber of

W@ 200d/0pa8 odi ¢ pul se returns reflected from a BEDUSH06/030025

array, said first array oveBl appi ng said second array
by an overlap, said first array and said second array
covering said patch, said radar conprising: analog t o
digital converter (1210) for converting said pulse ~
returns fromsaid first array into a first digita

array having first range bins and fromsaid second
array into a second dig'#ghwgrray havi ng second range
bins; a conmputer (1212) " locating a first strong
scatterer within said first digital array; locating a

s dcohdadarr GAY0)slon tzemsratingih seAreh swidd syethetid ageygiuteaimage of
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‘second e ofwpechperi@tic pulssictuting reflatted froay p sewndowray, said first
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array C%ﬁfﬁnsr?a@owg SASAVCORFWEYi t al array;
aanhgbp tosigireg cemvedtent316h for copenting eaddfpulst rethiugs tfimim said

ﬁrst%&fa?ﬁptto aoﬁlng%!ltﬁl erg}} F&ingPh35 8ngE HRE aﬁatﬁloﬁmseﬁd Q¥ehd array
sai arra aut of ocussing said notion

into %‘i{%‘éﬁl ?gag ing ?jF‘%l“éll ra%er}é‘i} ‘to obtain a second

plaa:smpetardMEétfomte over said second digital array;
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said first digital array and said first strong scatterer to obtain a motion compensated
first digital array;

motion compensating said second digital array with respect to said motion
during said second digital array to obtain a motion compensated second digital array;

autofocussing said motion compensated first digital array to obtain a first phase
error estimate over said first digital array ;

autofocussing said motion compensated second digital array to obtain a second
phase error estimate over said second digital array;

adding an optimizing phase to said second error estimate to obtain a shifted
error estimate for said second array ;

merging said first phase error estimate and said shifted error estimate over said
overlap to obtain a connected phase error estimate;

applying said connected phase error estimate to said motion compensated first
digital array and said motion compensated second digital array to compute an image
of said patch.



overlap to obtain a connected phase error estinmate;

appl ying said connected phase error estinate to said
woredororsigonpensated first digital array and saPdr/nsi00€080025

conpensat ed second digital 1&rray to conpute an inmage

of said patch.2. A radar system as described in claim

1 wherein said first strong scatterer is | ocated by

computing a first range bin power for each said first

range bins within said first digital array and

choosi ng one of said first range bins having the
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S|n one of said second range bins having the
hrghest second range bin power anong said second range
bins. 4. A radar system as described in claim3
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seco@?ér%e[}m? ?bééer%%d 1c{3 Qbfnlg' rd number of pulses

_ _ rst arr th|rd nunber of pul ses
in said second array 6 A radar system as descri bed
in claim5 wherein said third nunber of pul ses
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oversysfl betlap usipg fatledse squmgerietioa patch from periodi c
pul se returns reflected fromsaid patch using a radar
(1200), said radar

5. A radar system as described in claim 4 wherein said overlap contains a third
number of pulses in said first array, and said third number of pulses in said second
array.

6. A radar system as described in claim 5 wherein said third number of pulses
contained in said overlap is 10 percent or more of said first number of pulses contained
in said first array.

7. A method for generating a search mode synthetic aperture image of a patch
from periodic pulse returns reflected from said patch using a radar (1200), said radar
having a motion, a first number of said periodic pulse returns reflected from a first

“array and a second number of said periodic pulse returns reflected from a second
array, said first array overlapping said second array by an overlap, said first array
and said second array covering said patch, said method comprising the steps of:
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having a notion, a first nunber of said periodic pulse
returns reflected froma first array and a second

woeoonersied sai d periodi c pul se returns refl ect BdI/U81906/€30025

second array, said first araay overlapping said second
array by an overlap, said first array and said second
array covering said patch, said nethod conprising the
steps of:converting said pulse returns fromsaid first
array into a first digital array having first range
bins and from said second array into a second digital
acsmyrihg\WalOp e ottng feoig eaid firss artay higo arfirgrigity at@y having
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.Sal.d . mption during said second digital array t o
ﬁlSto1 I%I%rrgyhoti on conpensated second di gi tal array,
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connect ed h%s error estimate to %aijt% notion .
o 8}%%3% 5%1g%r ibhage error es imate and said shifted error estimate over said

overlap to obtain a connected phase error estimate;
applying said connected phase error estimate to said motion compensated first
digital array and said motion compensated second digital array to compute an image

of said patch.

8. A method as described in claim 7 wherein said first strong scatterer is located
by computing a first range bin power for each said first range bins within said first
digital array and choosing one of said first range bins having the highest first range
bin power among said first range bins.

9. A method as described in claim 8 wherein said second strong scatterer is
located by computing a second range bin power of each second range bins within said
second digital array and choosing one of said second range bins having the highest



digital array and said notion conpensated second
digital array to conpute an i mge of said patch. 8. A

woredonots1as descri bed in claim7wherein said fiP&L/US2006/030025

strong scatterer is |ocatei®lby conputing a first range
bin power for each said first range bins wthin said
first digital array and choosing one of said first
range bins having the highest first range bin power
among said first range bins. 9. A nethod as descri bed
in claim8 wherein said second strong scatterer is
secohdcatgehih povanpudngrgidses@chbrdge himge bi n power of each
second range bins within said second digital array and
choosi ng one of said second range bins having the

hi ghest second range bin power anong sai d second range

bilasA rhé&hod asetdecitedin deisch mheckin mid loatimiAdwiesemimimizes
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~.sal Irst error estimate and said second error
‘said @y erlapmueng ¢ dqessHuareoFBRYp usi ng a | east square
criterion. 11. A nethod as described in claim10
wherein said overlap contains a third nunber of pul ses

in said first array, and said third nunber of pul ses .
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fumber of pul ses contained in said first array.

12. A method as described in claim 11 wherein said third number of pulses
contained in said overlap is 10 percent or more of said first number of pulses contained
in said first array.



