METHOD AND SYSTEM FOR ENHANCI NG AN | MAGE CROSS- REFERENCES TO RELATED

APPLI CATI ONS 5This application relates to and clains priority fromlsrael
Pat ent Apwbi2eatd7eeyoNo. [L202788 filed on Decenber 17, 2@0%/1mrwdo/ooionr por at ed
herein by reference in its entirety. FIELD OF THE | NVENTI ON Thi s
invention relates to image processing. Mire specifically, it relates to 10
generating enhanced i magery based on a plurality of acquired inages.
BACKGROUND OF THE | NVENTI ON It is presently comopn to use i mges of a
scene for nonitoring thereof, including, inter alia, usage of SAR

(Synthetic Aperture %hdﬂ%s&%‘rﬁnﬁ‘q@#}nﬁ%ﬁc |ﬁwﬁq@€ processi ng

of such inmages involves |1 mage processi ng. ose verse e art of
i mge processing are famliar with the requirenment to register two or nore

i mges of . Ther [ ngwn techni ques for |nmage registration. See,
for exanpl 2ﬁ§§g%@EE§RW;§hm@fﬁB LfCAﬁgB@ regi stration methods:
a surveys (| magergghpficstidi veldRIRY bhd Blaimds pridHty frof@ Bl BAténtla PilRhtion No.

presenting several such methods. 20However, it sonetines happens that one
or nore i ndb2@2R8f filed dnr Drecemledruki, 009pawk incorporaied hetetn bywieferéncdi ist its b
interpretation or processing of the data included therein. Partial and
basi ¢ handI%" be%f such cases is presently done in the art. Quality
assessnment of images is dealt with, for exanple, in the article "I nmage

Quality As . sibility to Structural Simlarity" (IEE
transacti o}:&yﬁ%ﬂw&i@g ng, Vol 13, No 4, April 2004), by WAng et
al ., who teach net.hod..f or aljity assessment qf. inmages- hased on.th

degr adat i on of SPLARPpe refled o) ImBR°RRAERN Mpi RACHATLR Rlige Ty
Moreira'1s "gden@rativeehhiti¢dd iy basdinimaiplaratiopbf Rduired Bidgeand SCANSAR

| mgery" (I EEE Transactions on Geoscience and Renote Sensing, Vol. 29, No
4, July 1991), suggesting techniques for nultil ook processing. 30 These

t echni ques BAEKGROUND CETEHEOINRENIRON | ooks with di fferent bandw dt hs.
The - 2 - final image is formed by giving each | ook a proper size and

wei ghti ng and byt aslgiresgntiy eominneo hensatimages of a steénec fapinenitorigd thdedff book

"Co t ion", Li Shapi St ock h t hod f
Comput of V1ol gn. ik N Shapl 1, A0, CEOT 08, S ockan, Lezch & e hod o

Computerized processing of such images involves image processing.

15 Those versed in the art of image processing are familiar with the requirement to
register two or more images of a scene. There are known techniques for image
registration. See, for example, Barbara Zitova and Jan Flusser's "Image registration
methods: a survey" (Image and Vision Computing 21, 2003, pages 977-1,000),
presenﬁng several such methods. _

20 However, it sometimes happens that one or more images suffer from occlusion,
poor contrast etc., which disturb interpretation or processing of the data included
therein. Partial and basic handling of such cases is presently done in the art.

Quality assessment of images is dealt with, for example, in the article "Image
Quality Assessment: from Error Visibility to Structural Similarity" (IEE transactions on

25 image processing, Vol 13, No 4, April 2004), by Wang et al., who teach a method for
quality assessment of images based on the degradation of structural information.

Another example is, Alberto Moreira's "Improved Multilook Techniques Applied
to SAR and SCANSAR Imagery" (IEEE Transactions on Geoscience and Remote |
Sensing, Vol. 29, No 4, July 1991), suggesting techniques for multilook processing.

30 These techniques are based on the formation of looks with different bandwidths. The



51 mage processi ng and enhancenent of images require different techniques,
sonetines taken fromother fields of technol ogy. For exanple, in the field
of deci siwo 20mki7eggof ul | rei nforcenment operators and rei rRCONCBI@Ni10TIear ni ng
are known algorithnms that combine fuzzy |ogic and reinforcenent |earning.
SUMVARY OF THE | NVENTI ON 10l n accordancg Wi th certain aspects of presently
di scl osed subject matter, there is provided a nethod for conputerlzed
generation of an enhanced i nage based on a plurality of ach|red i mages. By
way of nonfplinagsds by, eiving gagh deck %arp%ﬂae&ag Meehiingnd hy adding of
Synt hetic ﬁHBﬁngﬁﬂﬁr (SAR). The plurality of acquired i mges can
originate fromone or ‘nore sources (e.g. the inages can be acquired by one
15 or nore SAR $yshaeptsr duof n@eiorbeobr"dwzpatqueff"samé dindai Bbapimt and .Gebinge

nmet hod co S of acquired inmages, each
conpri si ngIg g@ﬁ%ﬁggﬁéﬁgﬁ d%ﬁ?‘&?’é@f ‘%/‘B%BP% gg processi ng paraneters:;
(c) grouping saigagd Prelebding @hd m%deﬂﬂznt @gﬁ%ghﬁtrgq&f@dﬁferéfﬁrt%clﬁﬁ@éﬁs (d)
proce53|ng the images within said one or nore groups, wherein said

processi ng S@mﬁqunﬁfs@ken frprf ethercfieldds of teehngdogye [Foniexdmples inethe Gietdoof dacisionof
t t, 20 | t |.i kel i hood ,of. bet
ot ol o of  PHikTR il aBinspeelen difiekal? Hg RinGhrSTRER Hind Gre Rt ARBRfn"°

i kel i hood tief cethbiak €RaRdygiy ahdiRsnfolteimeat lefiin#ighg sai d gi ven pixel; ii)
generating a "likelihood of discrepancy matrix" conprising the | i kel i hood
of di screpancy values and characterizing the |ikelihood of discrepancy for
each pi xel SUMMARYGFTHRPNVENRA@Y i nterest; iii) for each of said one or

nore groups, 25 generating an enhanced inmage while utilizing said
| i kel i hood of discrepancy matri x. Cenerating an enhanced i mage can conprise
i nprovi ng the cdrnatrcasdangé W:iih deﬁaiataspfw@ off presently ;disgtoaéd subjerft meadtay itherel is

i mages, redUC| n0| ne of said ur I|t .of acquired

i mges, an&f%? % ?ﬁfﬂﬁm g?ﬁﬂ?ﬁ%&%@ﬁ% HS §%1128° PEsedaBR et i ve
i mage(s) apHfr@ity fo AdiuBEABinaBEs. t dndhanffhg exMbdle, the images can be
2011/073998PCT/1L20f%&0010712- Q%fﬁfgs ective pﬁiel%ggre deflé%d by their

respect i ve a¢qigdswiph the kelp lof Synthetie lﬁmdutﬁf Radas dSéBandye phurality of acquired n
case yvhen §g%s cQﬁ‘Bm fﬂeﬂteef?(gg %r nﬂ;% gourgesgg at e shc%n t b:&%{e 0§ ur t her

conpri se: group g sai ance I mage 5 "Ohe e (b)

processiifg oﬁniobeSARB@asmmdhhngl oﬁ@bﬂm@ftﬁpe@fodﬁfﬁf 6me/J v, psrhewhahed aorﬁpmsés
processing can conprise: i) for each given pixel within the commpn area of

interest, CRITELHURE ﬂ@h&allltb’ leé pedtisd impges SchaoRPEIinBe AEEROL spebiisrestpi xel s
of the im Sref’élwﬁ 8 : %ﬁm%&ér@ gﬁ?}éuputxa Kaid %111\&1&? o? aécg.mte(a %naggsl 1hﬂ)00d of

dlscrepanc ues arac 1zing $ grve ner a
"li kel i hoodnebr dnosa:gmpps; €d) pratassing tlmmrmgeswntgm daéd bneked mhre@lows \31ﬁere1n
di screpancy Xalues character|i£{%& he Iikelj f discre angy for each

pi xel wi t hHdPRRCCSURAEPMBRSES: B rE¥qn PiXe 3“ l&rtﬁ%aew e of BHEeSr nore
groups, »§epgtahiifida HeBAMRHscEREEy wétween H%sbédu% ?Bxé@bﬂth%'dﬁﬁ%és*’kﬁ%qldo‘c

di screpancy matrix; (c) repeating steps (a) and ntil a sihgle enhanced
image is cpeapemore groups, thus giving rise to likelihood of dlscrepancy values characterizing
said given pixel; ii) generating a "likelihood of discrepancy matrix" comprising the
likelihood of discrepancy values and characterizing the likelihood of discrepancy for
each pixel within the common area of interest; iii) for each of said one or more groups,
25 generating an enhanced image while utilizing said likelihood of discrepancy matrix.
Generating an enhanced image can comprise improving the contrast of at least one of
said plurality of acquired images, reducing noise in at least one of said plurality of

acquired images, and/or improving other values characterizing quality of respective

image(s) and/or of information extracted thereof.

30 Each pixel in the enhanced image can be calculated as a weighted combination

between respective pixels of the images in the group, wherein the weights of the



The nethod can further conprise selecting an image to be enhanced, wherein
15 the pixel corresponding to the selected inmage is provided with

addi ti onavoweiigtisooon t he wei ght ed conbi nati on proporti oralr/it.mie/me071

| i kel i hood of discrepancy value. In accordance with other aspects of
presently disclosed subject matter, there is provided a system capabl e of
generating an enhanced i mage based on a“plurality of acquired i mges. By
way of non-limting. exanple, the images can be acquired with the 20 hel p of
Synt heti ¢ A%S@Fﬁtl}’reepﬁﬁéa?fe( 3%@2)6% 4] gﬁsar ufesbsciiye oralugs gwithing theydigelthqodnof
originate ngﬂkgagng&ﬁgpre sources (e.g. the imges can be acquired by one
or nore SAR systens during one or nore periods of tinme, etc.). The system
conprises a processor operatively connected to an inmage input block and a
processi ng par afetaesvlieapdre bhamcdtie enharced imadess igomagated thrpuhethbd cdn fusther

configured to receive a plurality of acquired i mages, each 25 conprising a
common ar e £OBPIiSG (&) gopping ﬁéﬁp‘?r%‘é'é%eéli IHgERIARreRe PT MOKE, &1 %‘PSC(J%) PEOCERHHIE gur ed

O recel ye g s WitHinRa{P3He gt 'njore %ﬁglgg,h@hé}éiﬂ%gﬁisﬁ?ﬁcésﬁn% gﬁg &(ﬁﬂ%l?%éfg(ablg roup

said plurality of acquired inmages in one oOr nore grou n ss the
i mages Wit lsach giied pimel ovithimitiee gomops, arencofu ditergstatcalcelating tah dikelihdodwbhig: i)

f h qi ' ithin th f interest, calcul ate
| kel | hood PR by FBRS e UL e i PBCPHARL S BF SN oy abus
sai d one OliviRg Qis8! BURIelihbbd of Udi¥drBshnty SRlUe’ ¢HakRldrRARdsAl dlsF bﬁ&ﬁ,ngy

val ues characterizing said given pixel; ii) generate a "likelihood o
- di scr epageyerating j "' likehlods jofi g disaephndye Imdinyd emptising: dheinlbikelihapdiesf and

char act efi zi kel ihood of. disct nc r_each pixel within.the
CONMDN g? egﬁsg%p%a eJ}’Aehé?Sj cflila}rlg%er]gzdxr)g the fll?éi’l%oog o%%lscrepancyp for €ach pixe w1trhm
the common area of interest; iii) for each of said one or more groups, generating an
enhanced image while utilizing said likelihood of discrepancy matrix; (c) repeating

steps (a) and (b) until a single enhanced image is created.

The method can further comprise selecting an image to be enhanced, wherein
15 the pixel corresponding to the selected image is provided with additional weight in the

weighted combination proportional to the likelihood of discrepancy value.

In accordance with other aspects of presently disclosed subject matter, there is
provided a system capable of generating an enhanced image based on a plurality of
acquired images. By way of non-limiting example, the images can be acquired with the

20 help of Synthetic Aperture Radar (SAR). The plurality of acquired images can originate
from one or more sources (e.g. the images can be acquired by one or more SAR systems
during one or more périods of time, etc.). The system comprises a processor operatively
connected to an image input block and a processing parameters input block; wherein the
image input block is configured to receive a plurality of acquired images, each

25 comprising a common area of interest; the processing parameter input block is
configured to receive processing parameters; aﬁd the processor is configured to group
said plurality of acquired images into one or more groups and process the images within
said one or more groups, including at least the following: i) for each given pixel within
the common area of interest, calculate a likelihood of discrepancy between respective

30 pixels of the images of said one or more groups, thus giving rise to likelihood of

discrepancy values characterizing said given pixel; ii) generate a "likelihood of



each of said one or nore groups, generate an enhanced inmage while utilizing
said |ikelihood of discrepancy matrix. The system can further conprise a

di spl ay wNeneiwn73w9sai d processor can be further configuretditLmidi@Eptiay said
enhanced i mage on sai d displ ay. In case when nore than one enhanced
image is generated, the processor can bg further configured to perform at

| east the following: (a) group said enhanced i mages into one or nore
groups; (b).process the images within said one or nore groups, including at
least the fEFICBMAGRax” FompPRsies thy kelhprded digrepanay values FHEINE 10
interest, gal uiAb&d ot hiskehdd29 Ik Qkn Bkt Bhie LV el s
of the imges of1 sal d olnéggllc))r gogre&gr u)%s, t u{s}%gcigw ng %F%gﬂt}%&{agltk@?%od of
di scr epancyachabfieaid cingr @rctnerd zroups.s gérsraie \aanenhianedld; imdgy white utitizing said
"likelihoo f. di,s ancy matrix" _.conprising.the |ikel.ihood of djscrepancy
val e, | on kSRR S A eHmber el DB SE FUHeR ETPERE BALRAY: REFEHR ¢ ni
the comm®n &l proceésot BirFbEulther donfight t6akPlagfsaid@nBaRes imazeUn ART &sHEPUPS,
generate an enhanced image while utilizing Said |ikelihood of discrepancy

matrix; (c) repeat steps (a) and (b) until a single enhanced inmage is
creat ed. [m case ondreiamare thart bnd enhiahead iamge ¢t gerefatetl, sld proeebseudznetet

oroups conbrbFLHbIRRiR redih RGBS bEdRL koo Rul Rt ety
di screpancynyeinel & mofd ghdiph; @)%&Bcé‘s@ﬁh@fiﬂiﬁgéssﬁﬁthﬁﬁlaia%rﬂe&eﬁﬁ}é BEou

| i kel i hood of discrepancy matrix for at |east one possible couple w thi n
t he group; inchdiempt idast: thagfolawingenhér ¢ach edivenopigebvithins theeqrammgn aeetar ok

correspondi to all, likelihg . discr ncy matri.ces. gener.at.ed for.said
2t | eantd ohfessetutiat al sl AR b e esRahE RS Rl BreRE RS | e
can be cal galiabmd odSmdreVeir@ise dhes0 EhHin@t figen t? FiREhYRE bf T @is@repdncy evaliel s of
the images in the group, wherein the weights of the respective pixels are
defi ned by chaasteriziag seidk igivenypixal siweenarse the'likelibgiop helo dissrepanayc maaricy
mtrix. 1N BREALAANGE Mdiflodd ARG Paills, UnSfLRREALSHIY RRLHIBAEF Wi th
regard to pro i de system and/ or nmethod, he processing-paraneters can
i ncl ude at disempanayrfer edch3fixélheittin theosdnmgon aeeh o interest; didt fop Bachf ofasakkdiect ed
i mage to_be enhanced; (b) a target size WO ZOéJ‘J!/ 07_3‘,990PC'[/ 1](.,1%0_10/ 001071 -
5 - par AfrePErMO%ee BIWREN EFTFEAME A spbancef impgsppate WHizing spidslikelphopd sohyi y e
Si ze par angisgs, [ [ f L [ _pi xel
in an image.S P aﬂ@%ﬁﬁg%gr g%[r(}ge}’\?\,i@ﬁm &?ﬁ’éﬁagg‘%@&@‘%‘ﬁ?ﬁé %sce idubj ect
matter with regard to provided system and/ or nmethod, generating a
| i kel i hood of dilisacapdancy with firthee aspets 6t Higclesed( aubjeco mmptter MGthofegard toTor e
characteristi¢s for each of said respective pixels of the images of said
one or mor BMYIdsdpEystenh gad/gr wasthod, 18 £ape, apy il the Ereups, caRsists; werec thangwe ( b)
processi Ng;sad " Sk i Ay i raml. .
G 1 or oncosmar SarRthed faeh SF uticfmcydhadly; RthN S RebEBfec ()¢ of
sai d oneo ogemmatinggy bkabihpod of\discreprricy gnathie for dt ddashaecpos§iblti coople patidy theat r i x
respective of t ope. ar nore char.acteristics of each of said respective
bi xel s of Efep; figabiging BRavemes SRHHGPd B Bk pPand HtiooBtstem R B AL | cs
i ncl ude at |ik@laRod VT Qjsefephis thatibeybdi@ratdPfor A3k 1dast HRIJISSBle CBLAIE iR tHONS;
(b) local texture calculation; (c) |ocal entropy cal culations.

group.

Each pixel in the enhanced image can be calculated as a weighted combination
25 between respective pixels of the images in the group, wherein the weights of the
respective pixels are defined by their respective values within the likelihood of

discrepancy matrix.

In accordance with further aspects of disclosed subject matter with regard to
provided system and/or method, the processing parameters can include at least one of

30 the following: (a) an indication of a selected image to be enhanced; (b) a target size



Local texture calculation can be conputed in accordance with 15= Vfx2 + fy2
TEM (x, y) =1 VvwAr2 2 L..? E/2(x+i,y+A W wherein: A and f, are the

out put ofwe 2&olneBosoper at or applied to pixels in each i megepL21a0doy st and
for the central pixel of a local texture sliding window, i and j identify
pi xel displacenment around the local textyure sliding window s central pixel
X, Y; wis the local 20 texture sliding w ndow s w dth and hei ght.

Obt ai ning normalized differences can be .done in acc Sdan.ce with 2 x TEM, X
TEM> R =1 Prapierfenresepyng the, sigq o3 objee of infeeesti o) aTRivel ize PREMelEa
texture obt:aiaeeihOihe!sRYFAn APRNGred 5 BSflole/SixBlliRYRimdEM is the |ocal
texture obtained for |Inmage, anongst said respective group; TEMaa is
(TEMR) 2; and TEMob is (TEMX2- Local targetness cal culation can be conputed
i n accordance wilhlac&rdance with further aspects of disclosed subject matter with regard to

provided system and/or method, generating a likelihood of discrepancy matrix can
5 include: (a) computing one or more characteristics for each of said respective pixels of
the images of said one or more groups, thus giving rise to computed characteristics; and
(b) processing said computed characteristics for obtaining normalized differences values
amongst each of said respective pixels of the images of said one or more groups,
constituting the likelihood of discrepancy matrix respective of the one or more

10 characteristics of each of said respective pixels of the images of said one or more

groups.

The characteristics include at least one of the following: (a) local targetness

calculations; (b) local texture calculation; (c) local entropy calculations.

Local texture calculation can be computed in accordance with

2 2
15 IL=\f"+/,

1 & &, .

TEM(x,y)= — Z ZIg (x+i,y+]))

W == ,
wherein: f; and f, are the output of a Sobel operator applied to pixels in each image; x
and y stand for the central pixel of a local texture sliding window; i and j identify pixel
displacement around the local texture sliding window's central pixel x, y; w is the local

20 texture sliding window's width and height.
Obtaining normalized differences can be done in accordance with

_{_2XTEM, xTEM, , o .
(TEM,, +TEM,,)" ~




flIGT=j.1 n wherein: nis the nunber of pixels formng a targetness
sliding window, G is the G value conputed for a pixel] in accordance wth:
G =1- expyo 2itkw7399ph, c) wherein: Pro, 10 f represents relCraciiiemioft a

pi xel ; = nmean(f)the mean reflection of pixels in an extended nei ghbor hood of
the pixel; k is a constant. Obtaining normalized differences can be done in
accordance wth Tdiff = x - Tb + Tb X (1 - Ta) wherein Ta and Tb stand

for targetness.(T)_ aof. correspondin i xels in Imgea and 15 | mage,

respect i vel .er%%@(/}ﬁs pﬁ\htmu@rﬂgbﬁﬁﬁdﬁlsfx\'n’% amongst IESREEH YeegrowR; TEMs
under st andid iR, IQUPRaR AMAinbd 6 ImBE drhorIBY B 35S Bbn:| FERLAR | ce.
enbodi nents will now be described, by way of non-li1mting exaprrpl e only,

with ref er (REMLY candHEEMu do(iFMy)1.ng dr awi ngs, in which: WO
2011/ 073990PCT/ 1L2010/ 001071 - 7 - Figure 2 is an exanple of a SAR

i mge and a correspondi ng enhanced i e achjeved i.n accqrdance with an
enmbodi nent of E‘ﬂ%ﬁ{%ﬁggﬁﬁ%&ﬁ?’u%‘@ﬁ%‘l geagcgn%}‘t Wreqriance it e i | ustrating
several tenporal inmages of a scene;

[14;
T= /=l ;
HGJ + HE,
Jj=1 j=1

wherein: n is the number of pixels forming a targetness sliding window; G; is the G

value computed for a pixel j in accordance with:
G =1_exp(_f/kxluloc)

wherein:

0 f represents reflection of a pixel; Hioe = mean(f ), the mean reflection of pixels in an

extended neighborhood of the pixel; & is a constant.
Obtaining normalized differences can be done in accordance with

Ty =T, x(1-T,)+T,x(1-T,)

wherein 7, and 7, stand for targetness (T) of corresponding pixels in Image, and

15 Imagey, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the invention and to see how it may be carried out in
practice, embodiments will now be described, by way of non-limiting example only,

with reference to the accompanying drawings, in which:

20 Figure 1 is a schematic representation of a system for processing images in

accordance with one embodiment of the invention;



Figure 4 is a schematic illustration of a conposite inmage based on the
images of 5 Figure 3, obtained in accordance wth enbodi nents of the

i nventi orw02011/073@pgure 5 is an exenpl ary diagram il | ustcatiLrgo/novaEgr ati on
whil e creating an enhanced i mage, in accordance with an enbodi rent of the
i nvention; Figure 6A is an exenpla;y diagramillustrating integration
whil e creating an enhanced i mage, in accordance with one enbodi ment of the
i nvention; 10Figﬁre 6B.is an exe Ia2§édiagran1ilIustratjng i ntegration
whi | e creating digwierhifcatcrampe of AR dwpgmARb 2 WPITASPRRGINE enhanesd dmAght  of
the | nvent iyffkcyed in accdriitluith drberfoRERERRr ke hivafilhonal bl ock di agram
illustrating the main nodules 1na systemcontfigured to detect

di screpanci es ampngst, two i nages, in.,accqrdance w,th one enbodigsrent of the
Mvent | on: | 157 dupges PE MRS el RS PSR AR b Ren
enbodi nent for renderjn MIM.. i mage; Fi.gure 9.is a neralized
flowchart descr RIS LiEoPapacuTERon of a camensifmasg brgdoares et | on,
accor di ng tm%‘%s, GBthiBED AL AcKSrdaRRAHIBR boAnehRDF KB NtRA; Figure
10 is a functional block diagram schematically illustrating the exenplary

20 nodul es oper 3l gn.the e-=égﬁp WMol . i e
enbodi nent ; %g%ﬁgﬁpz a?le){e?ﬁﬁ%{?r%! S dgygﬁﬁ‘?ﬁjﬁgé %t(I:a Q?lggté&%é[ﬁl% l
accor di ng techarwed endgedimanordafcet wich amembodioent of the inventjpme 12 presents two
illustrative masks, for horizontal and vertical gradients, to be used with
a 3x3 slidi ng wiFigww 64 deradi exgmiptary igagearh dtiusteiihg dhtepfadioh iglet ¢reating2ati gur e
13 is a functional block diagramschematjcally illustrating the |ocal
texture modahancedEpageyInARscogapsrevithpriicRetiment afile NG on: and WO

2011/ 073990PCT/ 1L2010/ 001071 - 8 - DETAI LED DESCRI PTI ON OF EMBODI MENTS

In the f181 | owi ndFigmieadB a8 ap cexemppry dirgram ridniiating galegration dilgi ¢reatingeans et

forth i . id t andi f . invention.
ronever | 1 Cineh® A B AU O BT RARGLRSe e AREORIS L DY e
i ti be.. i ced,5 w.t t ifi. ils. In oth

ot ances, ol | TR e srogmai, Aot BiSo Bigomfiv Sty B peh BetiEve no
been descriihadyitBmtShffhred o adteUisctépaRbiss athBndsh Bwvd IRSRHB] inl AAVEBAAR With

one embodiment of the invention,;

15 Figure 8 is a generalized flowchart illustrating one embodiment for rendering an

MTML image;

Figure 9 is a generalized flowchart describing exemplary operations taken

during feature extraction, according to one alternative embodiment of the invention;

Figure 10 is a functional block diagram schematically illustrating the exemplary

20 modules operative in the feature extraction module, according to the embodiment;

Figure 11 illustrates determining local texture, according to one embodiment of

the invention;

Figure 12 presents two illustrative masks, for horizontal and vertical gradients,

to be used with a 3x3 sliding window according to one embodiment of the invention;

25 Figure 13 is a functional block diagram schematically illustrating the local

texture module, according to one embodiment of the invention; and

Figure 14 is a graph illustrating higher reflection of object (and hence targets)
compared to the background.



Unl ess specifically stated otherw se, as apparent fromthe foll ow ng
di scussions, it is appreciated that throughout the specification

di scussi owe 20t1vd7B®ong terns such as 10 "receiving", "selettirgi/no1071
"grouping”, "performng", "calculating", "generating" "processing",
"inproving", "assessing", "conputing", _"8obt aining" or the like, refer to

the action and/or processes of a conputer that manipul ate and/or transform
data into %W%Egél d data represented as physical, such as

el ectroni c, i WB‘OHQEMPQMEN?@ the physical objects. The
term "conputer” should be expansively construed 15 to cover any kind of

el ectroni c syst gy .Ag: ca it . . e j ons

i n accordance vviqt h tﬁdgloggﬁaﬁﬁﬁ%é?%%?gﬁh&ﬁ%%gu%esﬁé%frkr:rgatagflI% Sé%%%@?‘edr

speci al | y oodest touptoeidief @ rthérbegld aaderstdnditig pofsthe ivediona Glwesverd, -ip wiflolse
conput er specially configured for the desired purpose by a conputer, program
stored in Rogesiind & st aied Spotha it 1 P on TR, Py péy racticed
descri pt sowﬁfaﬁp%@%geéiﬁ@fdean& qRMGTRE Qtaﬁaers,e“Ien%oa@?&thgug,eprwclhré@,e
referenced by the sa reference nunerals. I'n a unl ess

ition,

speci fi cal lcpmponents andvisodiitsehavs mhd seen ilescriredrief detahse s inot tth @bpoues el
description _can .be additional and/or alternative to any other enbodi nent
descri bed Wéﬁsgﬁrﬁﬂﬁ er“gif’p' 25For purpose of illustration only, the follow ng
description is made with respect to SAR (Synthetic Aperture Radar) inmages.
Those skilled 1l spediiedlyl s @PGthblviaR BE BRIk foliPine!Bifod 2R Ullcitodl 1 e
present invention are applicable 1n a simlar nanner to othe Igital’ i mge
types as, byisweppresiaterb thak ithrotghvgt ¢heasgricHicatibre discossapisi wlizingneges such as

ul tra-sqund_i mages, x-ray ijmges, infra;red images, etc.. - 9, - o

Fi gure ibll sreﬁelé’g’fge’rrat ﬁeiec BB es &8t 8on o?erg’”?%gt em “fgciﬁ‘?tlf‘rg pr oEBSEPRY SAR
(Synt heti ¢ "frpedsiige, Raddving MRERSssigh, BORPUAARTC e oblaldingest MeNilRIMPGE! Nt s

of the invention, the systemmay provide enhanced i mages based on a
plurality &fe agtipni anddoripraepsses ofl a eomputer Biay manipudide and/on tiagsfomn datayistoem 101

may be conf j,gur Q t 0 di,screpanci es_anmongst SAR.inmages., |l n the
figure, thé)hlgysd %mg%@f‘da %brf%gllteﬁesrg AR P%?‘gf&g Sggh %B%ft.rmﬁf’ %ﬁ@ﬁéﬁt%{ﬁﬁort Lai nput
from one ofepredeatis®theGhsical Objeass. The Rihlresmpute2tRbuli®b2 dxpaiysvely édnsgusdAR
imges to the system 101, a spaceborne radar 103 transmtting SAR i nages
t her et 0,15 a 1QfsH apkiadof slsemong system pathidatapracessing gapgkrlitissages to t he
system(e.g., a radar carried by a vehicle), an archive or a storage device
105 in which SAR,10 i es. are stored tc. The sour.ces ntioned herew th
are non- i m t1 ngd "EXRVRLEE Hscapeienbin e e TRER R PeBRFEAMYA her
appropri at @omPutet &peéiplly @oasthitted! e S¢S tieiedBpurpbiesi ot b% altgehé@Mpimbse t han
one source at a tine, For exangl e, it may obtain one SA

S

] i mge from an
ai rbor ne r &emputepspeciily copfigured forthe desirsd PYrRase by iawatputes d5eLram storechtn

addi tional i ' SAR i mages obtained as input, 15
regardl ess aggﬁﬁﬁefgéa?ggslg(%@ﬁg\%gne;dg%?be, are referred to hereinafter as
"acqui red SAR i mages" or shortly, "acquired imges". The system 101
can further receh\he BSINSARE idREcriphioA GohPosie@s thal [tk .colMorP D GRS MG one
paranmeters can include, inter alia: an indication of a selected inmage a
user chose figgrecwilbhsasfesenced by theesapregeisranc npmemlsacqui red i mages; a

par anet er defi ni he t tenSl: I J | .
interest. For e%g%d) @fsn’a&{lnigjsﬁisglééﬁgﬁll)};&%g% %ﬁdﬁ%&ﬁﬁ@%@%ﬁ?%?ﬁ@%{eﬂgﬁ det ect
const ruct i oles prebans aelesiripgioncah beeddditional/ and/br akdrastbve( fo. any, othér sjbadimentet er s)
or less, i.e.,,. thﬁ target's size is 5x5 neters; 25 a paraneter defining the
pi xel si ze deEbRY hesWaBEL o of the area covered by a single pixel in the

i mge. For exanple, if the pixel size is 1 neter, the area covered in a

single gixel is F‘o}( pﬂrrp'ggé &f illustration only, the following description is made with respect
to SAR (Synthetic Aperture Radar) images. Those skilled in the art will readily
appreciate that the teachings of the present invention are applicable in a similar manner
to other digital image types as, by way of non-limiting example, eiectro-optical images,

ultra-sound images, x-ray images, infra-red images, etc.



According to certain enbodi nents of the invention, the system 101 uses a
plurality of acquired imges, each conprising a common area of interest in
order to 80:2gamgs@be one or nore enhanced i nmages 106. Aeconoiongodior1

addi tional and/or alternative enbodi nents, the system 101 can detect

di screpanci es anpngst a plurality of acguired images, each of the acquired
i mages conprising a conmmon area of interest. - 10 - The out put of

/St 0L TRy B 950 RS ALl SRR P e B
and/ or ar clgwfneleBApéhife q{afan)Vﬁna‘ggﬁ ReadcHRAhEC YithOferthid LRIPEAMnRADS HiRRe

archive 105), and/or printing it by the aid of a printer 109, etc. 5Figure
2 is a noninveniien, the exsiem imayoproadeaerhanced dnBaes bared en29 plusality 2ff asqineadc ed

i mage 202 which hances i nmage .20 he ephanced i mage 202 i.s. aghieved in
accor dance "WEH: § e‘@ﬁ‘b‘é%?’ Hﬁﬁ?‘%Bf’“%‘HeE‘ren%Y ﬁ:l“f Eﬁf Wa?r‘%scoé%‘ﬁmgi for gﬁte?tﬁﬁ
enhanceds | @RgRpZitZesi AndilgePS AR ihtagss. THREEiARd. thé bydtém 101 @btdimeS AR TRELes202

was achi eved as result of a conputation perfornmed by system 101, hence it
const i t ut eds Wpuk Jimaeebtain the put from neer IHTE feigees0ch ahatirkoase wdaul Red
fromany souree. . tahd ; ag [ ' . from
an ar chi ve%u%?c}ﬁnd%séfﬁéﬁl%gsd%%?%% ltt())g’ %ﬁb @ng‘g%‘g? %dzftr 1&%28%%@?%15@
processed lageheheayio] e Prodddvsitioned eadar 404 thaasmitge SAR piagsetd the s9blem ned
as input and is used for enhancj rlag anot her irra%g or is subject for further
enhancemen{&-8+ f TREAr SRy 8 yehielednamarshivedy 3 sigrgee darics 05 dm aviichy SARS

hi st ory.., 15FiQur, ] NeRs LA o, g W€ HE I
sever al 1(t) e%g%éégla?? %ﬁfg"g’s@%f “?ge E%@%.‘H%HE’Q‘P@WHSJS?&‘S?%@ eng%Ti elgﬁ%%&d’nt?%é% . The
i mages wer eysdrh 10dkmiay fobtaim albmges fiong any fatleen gppse@aiatk nouroé.f Optiomallgnehieng- i n

airplane, during a | eg. Howeyer, thi is non-limting. reover,, the inmges
oo B atre S oo bidin. (HOLC P, ik e etk it e o F Ot PRATRRLE oy |
exanpl e, 0Bﬁtaﬁfor{EDS&Riilﬂﬁ&eﬁoﬂnrhnaail%%fﬂeqﬁdzﬁgwh??]ﬁﬁﬁfagg%ﬂl A6£0HhA %Flsiﬁ@né?iy an

airplane, while one or nore other inmages in the sane series could have been
acqui red byadar 48decind additienal . imepese froay archivej WSp SR limagashehitainethes inpus, or

nore and_even all t i mages..are obtained directly framthe, radar, ile it

o a1 o0 Thotdpfers oeloREsRE SoPRio rE toiiral B, ol o b R0RY, AR

obt ai ned fﬁlﬁageano@g}ﬁmy;eadqhﬁe@irhﬁg@y"_are stored. In the exanple, the inmages

represent registered tenporal inmages of the sane 25 scene. |mage 301 was

taken first. Thdhe @ptear 191cean fimhgseraceiye (MRFISHINE aPAIBACEE: @R didputholhes

days or ev ' . and then images 303, 304, ...,
?R)cg&.ﬁ{ésﬁarérﬂagﬁ cafl &e‘tﬁ?q[%u@g%‘r%ﬁ%.r

308. Such tenpor I mages cons einafter, a "series of tenporal

i mages", or showt |4h indicatiét dfebselectddinitay aalséCchdse foednbhnicChit Of &fe pluraigquence
of tenporal inmages”, or,  shortly, as a "sequence". The term"frame" is
somet i me¢ used, hé?fé‘icﬁ‘&fqdelﬂ}ag?%é order to refer to an 30 inage in a series.
Regi stration of _.the | LA . ' ne..l n I

met hod known per. gaep ardRefer dFﬁml?i%s(ﬁ%tag% tfg %gt Q%P?glilenséf‘?gfa%oﬁﬁggﬁpgl\kl%%ﬁ%appi ng
bet ween the acqui riegd ieRB@ple, i & mahicipalitdatany defise | ho0 rafireeyt avderot

over |l appi ng portion (inc)uding, for, exa commpn area of interest).
Hence, it is possidmeiryqgiignps who

nple, a )
3 5128 WegBetS OVRRS msisry (ifal Asduaedesieshe t he
image illustrated Lo fhe E:itzggét%’si Ndss9&mbiss. | mege 302 (and the other images
as well). However, the i ﬁhl ustrated i nages répresent only those overl appi ng
portiongs further d paramgiesdefihingnhapikel ssqteingnge sizerdfahereda kyvasy by a
appropriate nethod.5 known per se. Hereinafter, the "series" includes only
those portions of the PRehEsthermage for syamplapHithe Pelisiznis hoieker. hEarsser m
"acquired i mage" furtRELs 5%{?_%%-29&8 it b1 Ableror part of the overl apping
portion (for exanple the co area of I1nterest), after registration and
resanpl i ng. | madec@ding td getaiatensbodirbent$ aif nthe 6@ ntiod, ther patbn3 101 | wsasliang
thereto. | nlaadi tifon, A0, the | rra?\%E i ncl udes bui | di Fﬂ% 3111, whi ch i'a a
nei ghbor oPMSEHY B AGAWER 1mdess.-acarBIfoRIPEISBE 2 COMBIPRIHATE? A interert) injorfgs 1oy
nearby. 34 N obHER&E oAl dr nidi€ cAliBed Hhigts 196. A0 r&ing 1 Addiasnatehli/oR altéRaEe310
appear, however, the vehicle 312 is missing therefrom In the inmge 302,
bui | di ng 3@mbpdimeats; thel $ygteor Hluchaddgteny diserapantiesamengsh A hoaktyafaeguicad an

artifact), .and therefare artd.thereof does not appear '%n t he i mage. The
occl uded p érpggeé,l?c (§) € acquired images comprising a comin area of interest.



15 of the inmage is represented by a dotted region. Image 303 includes, in
addition to building 309 and road 310, another building 314, while building
311 i s mweizog/a7preobabl y destroyed soneti nmes bet ween t hecTimmmgondien i nages
302 and 303 were taken). In imge 304 there is a vehicle 315 (e.g., a
truck), positioned on road 310 near builgling 314. 20l nage 305 shows that
road- 310 has now been forked into a new road 316, in the end of which there
is a new buil di 317. In imge 6 there are three vehjcles, 318, 9 and
350" par i ng. near BN SYEPh AL matgBe Bewidect B By S aiaip it PRl ¢ ne
bui | di ngs, nRahsefuth s i tNShitpi! élfrhtsbf&n'lt{)7,a§toﬁngeifrﬁr a SifaRNi&BRce 323
to the canp is via road 310.” Four vehicles, denoted 324, 325, 326 and 327
par k now néad/opardhinent0® Ghe rrchive) canl e tidentical pngiffegent, thhn itke archiye B¥), al so
suffers fr cclusio epr esent ed b he doted region, and hence it is
uncl ear. %n%fﬁ‘élé Pgéggy&}gsm%?o%%%? A fogtkgtﬁ’ a short tine after image 307. It
i s al so gccl udeigure 2ddiat ncdlimitihgeexaaipld BE aviesiqalred SNRGmagd01 nndnage 307
(these are vehicles 324, 325 and 327) still appear therein, but vehicle 326
was pr obablephaiced unags\38¢ wireh erhaneesiimage 26 the enhanepdrimags 202 15 achigued in

Accor di ng LA3E L JER f L OveRrt. L: [ y in
a subset o 9% ?‘ga[nlt"ﬁal"&g}%‘s@% se%‘?teog t}zlaér Q‘%ngib \élr' ?ttalggp%regsa{%%flec %{C%@?ma%lbj ect
itens", whi2D2 is tleamr thuatinmgp 8. Itris abtedi thmoiemge202 vesrdchieved as restrofed to
as "background” qr "backgr.qu i "“. In the exanple of the series

nd - - itens > .,
of Figure $°mBUR{ioR A mdﬁwosyf%gu%@éw%t FARSTEES # hEYEIEUR dMaeme iec aus e
they appgaimhft S0CHHich &R ldn § hBS, Eﬂﬂﬁ ] I 3§y ES
311, 314 and 17, the Gﬁﬁigﬁggaggggaryﬁgu§%eggﬁ%6ﬁéj? € rﬂ%%gga%iﬂgkmgs
312, 315, 3®bwjncd19g. @M andarchiver(sych heracchi@2108) onaybe abjimeges that was
Furthernore, it |s noted that 5 herejnafter, the . term"itent pear.in
oo (1 - e PrevieharoRisRed by e Ioreft Hodifun® HecaudE fediiiee i pregsdy RHA DN
itent) is usfput @hd [saised Fr@hiRimNnhodne iRhgO8i BGlibjeteds nafildr barkhesRsmd
items. Hence, an_itemis anything that appears in one, two or any other
subset of &t i8eensedered asanagdwitedomagy, Whtlejgnering tehistery.es. In |ight of the
occl usi t hat rg,.. for e e, in 1Lnage 3Q08,.,.t. nay be 10 required to
enhance the | madBiergas &t Pof RIERS scbfubily SarblEnbindiRY, gl Gt T oo
i ncl uded t ln@agdsrof als0éne TaE sl @seederiobed 304 308NTheithApat detddl take@eom308 i s
to be enhanced. Returning to the example presented with reference to_ Figure
2, wher ei n apowsg &-gdpora rdgnding-alf nistandingnia garpiane, dyringshlng Homeverpphieds at ed
that in i -] i i "ohi 8ct.s-10- ound
raci o i s BpapoAang o0kt B indhenhiure 3 Gere dDe AT Rubfed B
di sti ngui sisame ptatforrheRar éxanmgpie, iona@e more imagdsiiagesedbslcoudd hagubeenhcquired
illustrates a nan-limting exanpl e of the enhanced i mage enh i ng. i mage
308, Thedi P ABEH ML aEr & Wos ather jppags 1pdhe fyBe S Besrih BT bPage
308, howevgequitedey MafelfileCatt SMoRd e ASk Possitle Mat bR Wne Br nfdrO G5 @A all
"enhanced i mage enhancing a specific acquired 1nmage” 1s a synthetic 1 nmage
whose cont itlesimagss 2@ dhitayhest dirdedly frdve theprdarf, whila éopsialsedpassiblgethataidnes dre

obj ects appearin her ej,n _appear al so.i he acquired i e and vi.ce versa
G e el | O orbydeien Sl hERMHER o obfhindd kel P G e S B 4 S0 n' ¢ he
synthetic image)n tHhexd#fyplé,@kiimabPapraabst lebRtedRP foniposal AGfaged 6l tHerRme: ar e
considered as "correspondi ng" to each other. In addition, while the objects
i ncl udedsi scangelmazgeadfewas takge fisst] Thgpafier o gertdin pgoigdi(waighiogade secendshoul d
still be 2 p i at ' j | ur glbty of
acquired i%ﬁ%@k? .A%ﬁﬁ%?hgg%%éggﬁﬁgggggﬁgﬁﬁngghﬁﬁ?2®3§%é8§3§°£--”%b?gure 4
i ncl udes aduth tepipdral SmagesRONSitLRPIgREIn4{Tot, & MdridOS teinpatal Bhapebgoechatly, a
processing the series of the tenporal jmages of Figure 3. |nmage 403

i ncl udes t héersacRBd Bisy@lsgrbereised tsasa segurmse ghtemporal ymagsse oy shpsflycas a

appeari ng i"&&&@&eqr'gfé@{e?mSQr&F@.rﬁ%fomeﬁﬂleg RaE He?ﬂrx]ﬂgiek NG (jgijdelatoD{)e(P&et%Salnng of

a certain sequence tenporal inmages and I nélu t’he j oI nt” background
and al | 30bjimagesinagpgeeias.i Rggistnationeofithageapesin & hericsegn dadene i argf appradiateo

hereinafter as an "inclusive inmage" of said certain seguence.
metho own per se.

It is noted that originally, a total overlapping between the acquired images is not

mandatory, as long as they have an overlapping portion (including, for example, a



- 13 - On the other hand, inmage 402 illustrates only those itens
appearing in every one of the series' inmges. An inages resulting of a
processi lgoab11a7e®nt ai n sequence of tenporal images andpcmalzdo/ogoner el y

the joint background, i.e. itens appearing in all inmges of the sequence is
referred to hereinafter as a "background,imge” of said certain 5 sequence.
hj ect itens do not appear in the background inage. It is appreciated

that each one of the gcquired_ jmages. and/ Qr an enhanced i_mage enhhancing any
one of the CAEHRA% @&aiﬁda@gesgp Heneerif éspossifle daadng-ga 18@RE 20K Wi pREPRIl i ne.
Unli ke them, éﬁ&aﬂ%&%&’%@ﬂlu’sﬁ&g& i} Rt H%gx%, o ¥o GRRSHA! I:B_O?C(Qﬁ&_*ﬁ?e”%&g

R as no corresponde

itens, and therefore It nce to any specitic tinme point in

the time ramggest iy ogtih HOweldre thet Hbistrated eislagesraepresent oelyt thoss .ovSilapping | v,
the inclusive.imge,does not correspond to a certajn tinme point as well.
Accor di ng. OIS, SRBGUTERRGT PLSHOR e eToTRE PherSpiePRHgaetit | ne
backgr ound khiWHPersE 1$ABRARAT tHeMBESS" IMEERS GnMPthoSe BoHRIHL FEHeSnfaked fhat
invention, a plurality of acquired inmages is 15 required for rendering an
enhanced i meggeverlappisgoiurthepaorgpihe dermtasquiréthimage furtheg eefensie theatber past
acquired i es | Series he:hetter the expected qualiyty of the.
enhanced | MOE 2isBafbipf bR (e Aplecthe ORuRRE! el wlemrepistRion,
Figure 5 i naddsaemphngli agram 501 illustrating integration while creating an
enhanced i mage, _.in accordance with an_enbodi nent of the invention. 20In the

figure, a seriedmagge 30hHlustatgtin puiding 3B and aread 310derding thergde. Inaddiionng an

503, 504" e dnel LS elIERe MEGREn ¥ £allBR OF pHORESE8 SRGR MU B OO

i nvention, (probaljlg a frack) racking acarhy.oinpisnagt I02pthet darrechuifdings, 309t and) 31 as

acquired images (in_the exanple of Figure 5, _groups of t acqguji red i mages)
are used f & w&éﬁi i3AB_apaffaéf vab ?%é'lgs'g}lzsls @@ﬁ%?%&ﬁ%m-éﬂf?le m9eeand
513. The i nper @ﬁﬂ&iﬁg%ﬁwgﬁnﬁﬂl@ sanaacthy ERGSGhngtdl hﬁi&oﬁ@ﬂé rad@for! &n
potentially higher Tn canparison wth the contrast of each one of the two

i mages t heyrtifaet),mad dherefore ffarttheregf dogssnot hppeae it limagey The pscloded past 313hr ee,

four, etg. i.nt diate i Ln.th | e, 0f . Fi . 5..qr f
to. | ntdi it ampe o cprarued d0ae cbled ankief s wih e sl ©
i nt er medi atbgiliingosey add BAd 3105 an¥hies Suitfing O, ashild Huildigpes11t Ramisdnes

contrast of each one of the internediate inmages they are based on (510,
511, 512 afiprobally desoxedesamatineesabatweast thehimes iwheasimages 42 randnd03pwerehe

taken). In image 304 there is a vehicle 315 (e.g., a truck), positioned on road 310 near
building 314.
20 Image 305 shows that road 310 has now been forked into a new road 316, in the

end of which there is a new building 317. In image 306 there are three vehicles, 318,
319 and 320 parking near building 317. In image 307 a fence 321 appears around the
buildings, bordering area 322 and delimiting it as a camp. The entrance 323 to the camp
is via road 310. Four vehicles, denoted 324, 325, 326 and 327 park now near building
25 317. In addition, image 307, like image 302, also suffers from occlusion, represented by
the doted region, and hence it is unclear.
Image 308 was probably taken a short time after image 307. It is also occluded.
In addition, three of the vehicles appearing in image 307 (these are vehicles 324, 325
and 327) still appear therein, but vehicle 326 was probably driven away and hence it is
30 missing from the image.
According to certain embodiments of the invention, items appearing only in a
subset of the images in a series are referred to as "objects" or "object items", while items

that appear in all images of a series are referred to as "background" or "background



acquired images the internedi ate i nages are based on. Finally, the

i nternedi ate i mages, inmages 514 and 515 in the exanple of figure 5 are used
for rendewOngiidigsi nal - 14 - enhanced i nage 516 whosePcontzaeboins even

hi gher (it should be noted that in other cases nore than two internedi ate

i mges, e.g. three, four, etc. inmages, ¢5n be used for rendering the final

enhanced i mage). Hence, accordl ng to the“illustrated enbodi nent the series

of acquired i es is |ntegrated into_a singl] e enhanced. i 51t is

possi bl e tdeﬂgg nithe exaeple /f élgerssv%ﬂfo Figure ppiuiling a%@?dafqaeg?éﬂ arpatef n t he
series of Jage n

constitut egﬁglﬁ% gﬂ)rlﬁslt ge%%s%ggigyoﬁ?% r)55‘4%ltryhggdl%ﬁtbgr ﬁquem?%%%sﬁg%gg&sll
512 and 513ufldimegsi31 h&ldand SdAsthe vehieles hppessing misgenef titiimagdsl(sih, ast3a,

i nternedi ate_i and 51 hat e base e.second, gener on'
|t o modi acds: MEATo A0 QBED, Fte ARh G arvarbifiy T eyt Roprged fhab) °
enhancedsi ﬂﬁﬂa‘iha@ﬂa@ tROfRsh| 'ﬁt@ﬁle%péébﬁné(&[dn@ (fié‘dnot'a@ paktiof aGAsAe lsiiéh As@%bject

generation (L= 4) ‘That is igure illustrates a four generations
i nt egrat i ontest hemibackgronndiiitersh is hised: fere reftrzingetoi any ofe aquczhjfrCédtqmﬁagtet

't or changapgouf b Hiogh, bdRh kadRibe bt eoRifnal s PR STane Pl one

i's non- I|mstxbs@goﬁmbrﬁwnalﬁdmgIaeérysmbgaér@ftﬁaser&s. used, such as rrarkl ng the
first generation by L=0Q instead of L=1, etc., It is further noted that there

i s no mandat orylnéllgat obkhe eeciasion thas apperss, 19F expEPleniyéBagen 394 dt s b and
the ti t I i { bl e,

5. tRG NG chAERD il e, tfl NAEARP vt ) hEMEr Bicinghich TS 710
| rrage 507 emdudedothemmy Bott draqitpuysose) dxer use? Oddar mdrcafet that iinhge 308 isnges used
for rendering an ,ephanced i npge are consmégred as_directly relati ng t hereto

(e.g., inmagBlansed Beyming gt EXTPIP rarBed VIt dseransa, o Higes S5UB0H 507
di rect | y rq}nﬁ%@m?eﬂlﬁﬁ&% aeqdir&l imake 20180 Sould'Be afPrEcistbd ikt ﬁguﬁgﬁt’eQ@W one
generation before an enhanced i nage relate thereto with i ndirec

rel ati onshicpntraspris dughepl &¢., ithem Jebjs@s-to-hatkgemmtyratie! as déghey, Whemgm bighemnd so

does i e 25 5 i tion. 02 |rectl rel ates al so to i mage
S76. 1 magesopurnR kst § ot HBien PTG A Rb RdmPE 2t fvee whil o they
can be direct r Qhﬁ% Y@BirOFighpell i1Qtrafes h dbhRSiting examplk of thekphastell ihge
al t hough di agram 501 illustrates eight acquired images in L=1, which is a
power of tehancig imagenil8odhesitams apeating thereinare simibay tpﬁhgsen@nmemng & ght)
nor by thi §,ha5GEYELISL Gh(PRNRTcgl: PLesi 80 AORIOREN @ oRCOMdnEdh

an one.

i mages can CONpOSE |es 'SP ar ger

For exanpl émage enliaicihg 4 @paﬂﬁc aa@ﬁféunmmge" id hushthetiedmage WHosE eoﬁtfast i the
nunber i s not a power of_ two, is possible to multiply one or nore. inages
in the @ribagher flmghfxyﬂmﬁcmyqaﬁed Bragecplb theobigcissappearing iierain appeppalse ithne
image is a r £l

di fferent éﬂ%éﬁu%%?ﬁ %ﬁoé&lsﬂué{lgeé@?ﬁ%ﬁ gur E’Bg%%ts d@ﬁ olg gfl ceqetlltlr(fc)a ﬁ%lggean

i nt er nedi atappéareed® of tleenyynglsatier mtage) Thet kym]n‘etmcnmageeahdl thegwpetifionaclqaited whi | e

rendering a next |nterma|ate|ma ot that_in _the. exanple
of "y gur o5 TEASHE QST g0 SaEeBERdngL e i e IR B g Bl Bethitat

acqui red i TRAgged fHOMRVé&thanded PidREralCasRer iVARNad ?re@ﬁﬁid@é ®fshaadWrillese

i mages are groups of nore than two (e.g. three, tfour, frve, etc.) acquired
i mages, 26 happwmatedr ﬂlatzltm @hmptﬂ yimage|iy based woha cplurdity whrasquineth imagesj mage

in a series_gan b or. that one inmage can be nultiplied nore
than one tlﬂé é]lng ﬁle corres&)ndlng acquired 1mage.

Figure 4 includes additional schematic images 402 and 403, that are based on
processing the series of the temporal images of Figure 3. Image 403 includes the
background of Figure 3's images as well as every object appearing in one or more

30 thereof. An image resulting of a processing of a certain sequence of temporal images
and including the joint background and all objects appearing in the images of the

sequence is referred to hereinafter as an "inclusive image" of said certain sequence.



It is to be further noted that in sone cases, the acquired inmges
conprising the 10 series nmay be divided to a-symmetrical groups. In such
cases, WwWwO0?2grioapidng t he i mages, one group nay consi st, pConLeiao@bs, of two
acquired i nages whereas anot her group nmay consist, for exanple, of three
acquired i mages, etc. Further to reylemnng the exanpl es of Figures 5,
6A and 6B, it becones evident that according to the invention, an enhanced

|nage is (dlrectly and/ o rec based 15 on two or mpre. inmages. The

term“two or En ﬁeﬁ; 1%}0&& ustrates qnay deFSHerRL ARACAERE By €VEEY one
"mul tiple' v WhiG

(d| rectly grﬁ%#ﬁdﬁ%@?l ‘3‘? 10th€§1mF&glrt§1¥r;6ﬁ‘§?té(;cﬁ%sF&Zggﬁlf r%gesHl 'S&lnstl tutes a
"mul ti | ook¢mparalgmagehand ingludafgemerety the jaimt bickgtdunisi. appmmp@emgom alhose

versed in the art. that the.term "nulti.| ook esent. sed f

escr bi ng THET RE4e YR 1St T hérsing it G Blo g ihetinfaidiegain

Unl i ke t hakequehceMObjec Rethd B A6 appkarif ket RRgldBhPHhddeat according to the

invention alternative conputation may be perfornmed. In addition, it
was previously &dglappiseigteduhaticacheors efitbe acqnireddmagtseandfor @nienhansed dmagm of

e appr oti STe PR SR a b hRulif «sEile e PE L BRAT o e ol o

25 acqui r e@nlikegksan, the lﬁekgrahxhdluh@g&eﬁcmﬁemhlyl @Jnetamemipﬂrcahnguﬁ@geﬁls dwnce,
such an enhanced synthetic image constitutes also a "nulti tenporal” inage,
shortly refhsrefers it haggo garrespondence f-any specidicine peint iinha dimecrange fuowght ai ned
i n accorga e

ther of oo R pot LS Wit SR, WEEAELER iBldocs FRE G @htha
conventi onto anertamtmmlpomtlasmgﬂ IS denot ed MmrM",",, while a background

i mge is denoted as MIM.bgac ound or rely, ,er' back . | n addition,

it is possible At e ShirREets iobbe HAILEn o dosusiys dmptks ARY &8 t o

t he obj ect %aél&%uﬁﬁ(iﬂlagé‘a&%hé}fce& hﬁagcegrl es' images (i), while the background

is - 16 - also preserved as in the i'th image background, but w th higher

contrast conpar é\acoﬂdargetmemlsuhmemﬁ Oé rtha mvedtiomeey plurality) af @cqlgretdhmlagbi ks

i mage, referr d t 0, herei naf ance i ngl udi ng

i mages |1§ reﬁulred Ornreflﬂeerﬂg N{n\ébg'élg ef‘?éqt?fgﬂ’taﬁ gh

i mages, nam@mpert @E&Qnﬁé@1M§¥b/m aMEMsZ the\idvlen theTéMi)eéte& qam&gatdfquih éiﬂﬁ'ﬁé&i rat ed
here for nunbering the inmages . n) is non-limting and any ot her

convent i onimage besedstbereon e.gp Ehel h‘ﬁbﬁethesmctﬁé q(}nt.[?St . l.S , Elglll‘e @mhabs & b,

et ¢, HRrdh B0t TR BRR ShbHLES WilcaL g&,}faﬂé gk o8 cggtd%n&

enhanced by Uuser acquite nage nages
in the ser iwith ancenstiodiriérg of diefiaventionges” or "ot her acqw red |mages
enhanced inmage relating to the sel ected inmage 10 constitutes a new

sel ect ed®i mage" I®thoagfefoigics of eghbacquirad amageyipimes ®base dor repdeying an

r el ating oghyan0q %gger Sid’mﬂﬁselglh g% zuteodénla't?edsl?}l Rt ce' Hlﬁﬂgl)alscﬂﬁs t5h§Ut es

"new ot her 1 mages enhance I mages reover, retarning to
t he exanpl 664 cﬁOSFSQﬂ;ISO% 8 aﬁAS@ﬂdAG@,rdmg t@ﬂreldntboldﬁnampf dei mtmnionpgmuﬂmt t he
i nt er medi at

are al o . cause each 15 internedjat
gt 1o aliopERRyREe Bietnd of Sviuires, Sotofic) i Aefurec oakes (ify e Samelth) <o

be consi de’Fﬁ’@u@% FréupR-of WY aCHBEA itk e hﬁ@gﬁ‘)} rédeliRe iMERYIIPHS images,
generatl on's I mages. In cases where nore than two I mages were used Or

renderi 2§ dengted élQrédilaﬂsZ anda§13. The intarméshate imegasaare @nlanced tmaweas i
RGOkt T RS PR S RER: B ch 95 o BB

i ncl udi ng ftiMgges they are based on. Then, groups (for example, groups of two, three, four, etc.) of

intermediate images (in the example of Figure 5, groups of two intermediate images)

are used for rendering another generation of intermediate images 514 and 515, whose

30 contrast is higher than the contrast of each one of the intermediate images they are

based on (510, 511, 512 and 513) and therefore also of the contrast of each one of the

acquired images the intermediate images are based on. Finally, the intermediate images,

images 514 and 515 in the example of figure 5 are used for rendering the final



intermedi ate i mages and final enhanced i mage, are based on |ikelihood of

di screpancy (shortly referred to as "LD') conputations anongst the group of
i mges t ovohwotn7sdve enhanced i mage directly rel ates to. pATADIZOAI/APOTIO an
enbodi nent of the invention, rendering an enhanced i mage, 25 whether an
internedi ate i mage or a final enhanced_kggge, i s based on di screpancy
detecti on anongst the group of inmages the enhanced inage directly rel ates

to. It is to be noted t the process below is described with reference to
groups of FMCWE@@@@ %EQMﬁ cpRirash e 8Vephigher (el Be FriadnBge €9Rhr i ses
nore than 1WQsiniGe an tWFinfdmedihfti @%so(ég} tfie, PBLL, Qe Bl ages Of anteAigeli §or f OF

at | east one couple of i1mages 1 n the oup.” I'n'such cases, after such
cal cul at i omgndgsng thedmirphlencetinge). dtpace; abcmdingto the iludteutddansm douent dfie t he
val ues cal cul. at ed acceﬁr.di ng .to.the ael OW process f%r. t he at | east one
coupl e of i"HAGES 2FHE émﬂg%lﬁ.mt?gr@ﬁ e aisg‘ eﬁ"ﬁ’ﬁ'ﬂ?‘? d4E%bl ock di agram

iI'lustraging thet FEidIsiBRYY| RScribe the IMtegratibn Hil tez@B fof JuEReations's WIRRGE thdTBJes
and detect - 17 - discrepancies anongst two images, in accordance with one
enbodi ment serest ¢feacanivechimages (502 583,304 585, $06, 15972548 aid FOPecodstitytes the

appreci ate L nyent ion. | b t cj fi chi ure
illustrat eé.ﬁ %}?éeﬁ%%ﬁl?}é@ Bé(ﬁlgﬁi vmzti%{an%? }a}fnlgﬁ%gs lr%gi $Iflé ? u%]ngt@gﬁé F{i ;ﬁe%%%/n be
consol i dat ednsuitutdithé 8&dnd Fensiafidie (L=Nherinkndediny ibRgh SMPhRITSIS @t iafe any
appropriate conbination of software, firmware and hardware. According to
the enbodi hesd, on s seARd generatpons, itermediaic, images qopgityte  the ghigd @ersratiot i on

modul e” ,¢047 Egy T%@Fﬁhﬁ?feéﬁc c%&’q}?l%gé 59§ BAGRut-IREE forth Xﬁci:fjiﬂrﬂﬂssca% Y £l

representing t’he pixe aracteristics 1nits surroundi ng environnent.
For exanpl eendritton/@ciddrThaais, thedignieilbstratbsiz four geraetidrisnigteptadon schealei Ini t y  of

t he pi xel, npared to fhe 10 pixel.s surrounding it. Hence, .the output of
the feat ur BIGEPRARERSH hoshrics gaifeg Amage FogsBfes €~§f‘ﬁ%ﬂx9@ertt§?%e, ©HRS and
706, respegtive Al "{HQelid®) ARROSFintPchagfbP3. Hereinafter, each vector
constitutes a "feature vector". FurtHernore, 707 is a conparator that

is coupled to tHeishetedithat thx schemeicd mumbeaing the(aeneratienscio mpadimiting et aiyhs t he

two feature,,ectiors 705 and,706 erf.or or 15 exanpl g.,a cont ext .based
{ oat ur o RongT FUBRT: ScbeBi et = Farkin P Wik etntrdi Bt G Rt E-r,
di fference etes If @dfiirthep ndtedoRat theRATs fid MaRHatéB8 rdldin b&weah heeordeP of iR
conparator 707. The filter 708 is used for normalizing the cal cul ated

di f f er encedmagesya theeseriesandqthe tapgyhep vere takenpdwg in thehexampleof Bigumed €at es no

117 er encodmepEary
i s converPriner 2 Ik halt She s SR GRERAT inhle S Mo bt ot

opposi t e camugnd0Tone., vhayeilteraiive bfleeat es a signi fi cant change while 1
stands for no change. It js alsg possible to use a different range.
The non?Pi near fioreiagftergghe fyo amages isesh fn irondeging han enhargedndBage @F | ect s

o 1T R U DG SRS V0 IO TSREB 210 R g
nor mal i zed Sldngaages SP@cind 507 directly relate to image S12 etc.). Images that are situated
' more than one generation before an enhanced image relate thereto with indirect
relationship. For example, image 502 indirectly relates to image 514 and so does image
25 505. In addition, image 502 indirectly relates also to image 516. Images relating to each
other are considered as relatives while they can be direct relatives or indirect relatives.

It is noted that although diagram 501 illustrates eight acquired images in L=1,
which is a power of two, the invention is not limited, neither by this number (eight) nor
by this characteristic (power of two), and any number of acquired images can compose

30 the series, as long as the number is larger than one. For example, according to one
embodiment, illustrated in Figure 6A, if the number is not a power of two, it is possible

to multiply one or more images in the series, thus yielding an "enriched series", in

which at least one image is a multiplication of an acquired image. According to a



25 into a fuzzy reinforcenent nodule 709 that conputes the |ikelihood of

di screpancy (LD), also referred to as "Likelihood of Discrepancy Matrix" or
"LD MatriwD.20uuD78®@bri x i s indicative of the |evel of chaogaLimomeoisiidi ng

wi ndow exam ning the two i mages 702 and 703. If the normalized difference
of nmost pixels in the windowis high, Liwll be high, while if nost pixels
in the window are characterized by a | ow normalized 30 difference, LD w |
be low It will be further. described.bel owthat the w ndow s size is

vari abi e - differenpEpbadibgTGSR g s HoncssbldRnte, by ARedis em
701 will fahbgwof Ay desbfiehaith afa8iiliRdSnlage FrdR P18 vhild tehdédid hExone
enmbodi ment for rendering an MIM. WO 2011/ 073990PCT/ 1L2010/ 001071 - 18 -

i mge, basérfewrediate knages of k i nmges, in accordance with one enbodi ment of

the invention. Epr. sippliciit $S tion.is de th K | Spa.pRower of .two.
However, as it \/Ivgés F)or vincc)’ﬁegl %‘ae%;ﬁél ﬁ’éad?l’l%."éfﬁgw sh&&e’?%dr gﬁc@%tfgoﬁsgﬁfr es b5,
6A and 6B, atdiifed ifapéyart ighdups o twdAsquitel Uhe! Bldweler, htothbOwER Mhen the
according to the enbodinent, in 801 image quality is assessed for the k

i mages i n EFRIPS ) acquigpd fraages aso 2roupgioftnarc AN Ave (eds Arrse.i foyn. Bvey i br med,
bringi ng al ha - LES . d t LA Tyy:To! : :
Presently, atL %J%gﬁ@%géﬁlﬁt%ﬁ%ggﬁlg (rgessi %@Pﬁgﬁfyﬁgég{: di ngs"?{l)&gﬁ%ano?netlﬁlgé%m
enbodi ment f,sefi¢s dat baessultiplied, bathasdre itfage aargbs metiplisd grse thaadnadmer di ng to
the invention 1Q are valid i mages having an acceptaple quality. Therefore,
according to thiq'slséﬂt%g{%tn,“%(fi‘ah‘&ysoﬂg SR7Sp EFCAPBTE IRIEES CABRESIPE i%ed i n
the art \gageddiPriag! B Bividid! toS 2RPhiTEafbrédRIfr Thdl s, WRYR! Jrburfihie th
deteri orat e?j. Henge, tlhe se((:)ond of thél {érml{%ngbg}lnents ’cons?oéérs&t%i se
possi bi | i t ynagdseprd groupanay cansisg fof exdmaple,nafgm® dcquirérbirsages ovhesras another
deteriorated. Accordi ng to thi? sgﬁgnd enbodi ment, it is possible to assess
the i mage EEHUARY ¥YP5F éorpeé‘ra’rné’er’rg ¥ BOLYEC B 5 conparing it to

anot her i mage WrsBeidabvibWingSthk 8RMMipled Bf PizaPéstsHaCand 6B, YBBGDnRls eFldent | Mage
Qual ity Assessnment: fromError Visibility to Structural Simlarity", for
exanpl e wi thetaeeqsdingite the nzepion; Ay enhanc ageds (direstly land/or inglinepidgebased sed
in the t. 1f t i n nfir that the current, i nmge s lity is
i nferi oﬁgtgnt e gfﬁrgo?@ff%% e ;Ihgﬁgﬁtﬁotoﬁem?rﬁa & caR e 8 e u ésd%fer’r(rﬁéthe
series 20 aeebinsiflet an Gultipler, aad theréfotd1an enhaiced SRithetlty 8RSS which is baWien al |
k images are registered and resanpl ed, enhanced inmges' rendering can

begi n. As wWéigecHy andionandiregtly) of e OWMORe AGENEES iaggas ocqnstituissminaldl lgpk

Fi gures 5i _igégg fo%rﬁg’reffaﬂéd fc‘?éa;éf}%{,.eu iga%gﬂe%{étézpby FoBdrHdThthd t SEPHE Rk ONS

(L=1, 2, coup one“generation are processed In order to
render enhdmuitdldok# gepresntly usedfox tdestsibiygar midge iwhithessultoofprocesbiagi svd or

rendering the next gen ion and . 0 se e. 803 and 804). For
cach codbl & FIpBaEs gfal% thataly é’%}ﬁgl?fdgli‘"ﬁi‘ﬁbﬁb{s“%tg% belowythat genprding g, fhe
features angeaibh gﬁérﬁgivgl’&()g%ﬁtaﬁgﬁ%%iﬁgg‘ogﬁecgi fferences is performed on
807 (wherein processing of differencCes includes conputing the differences

and nornal i zat i dm Bditideerieofas, ptePiduslyagypleipad,e withs&8yrenced torthg 0@hematid ook
enhanced i .S T ered jle it is.noted.that this 2:Look hanced

i mage for rrénﬁ'%grlabo‘bfo?{iﬁﬁmﬁe% %Métﬂber HPAESh 1 A 15eS & fgmpora @ageﬂpggnce’ it
processi ng sehuld tHeCappesidt&b tha ahhehhRhRESYhtHREDemabd Whidh-1s: bdsbd toRemiRple
generation includes a single imge (wherein j/2 1Is greater than 1),

pr ocessiZhg aE@HradnEnagss.a ivd agthallys bagpde oe nnultipled tamipegel  gnages. Heaew nwsh t ane
final enha@ﬁﬁﬂm%ﬁ?}qﬁhetic image constitutes also a "multi temporal" image, shortly referred to
as MT.

Hence, an enhanced synthetic image obtained in accordance with the invention

is an MT image and an ML image, and therefore it constitutes an MTML image. In

30 accordance with this convention, an inclusive image is denoted MTML,,,,, while a
background image is denoted as MTMLckground OT shortly, MTMLpqcx.

In addition, it is possible to render an enhanced image whose objects are

identical to the objects included in one of the series' images (i), while the background is



It is to be noted that in the exanple of Figures 8 the groups of acquired
images 5 are couples of acquired i nages. However, in other cases, when the
groups ofwecquia7eedoi mages are groups of nore than two (@Cy/ILione/ed7if our
five, etc.) acquired i mages, the sanme principles apply, with sone

nodi fications as detail ed above. _fgoure 9 is a flowchart describing
exenpl ary operations taken during feature extraction 806, according to one

alternative, enbodi nent of the_ inventjion, while Figure 10 10 is a bl ock
di agr am scRBARTFELRdy 2 1 the iy W?g%eelaéeﬁ%qoa@ mquaén%*&ércapﬁe% GORRaFRd

feature exifeagh! SiithMhscé@fnadts EMALRE thOi'th Mg RORIEGRAL 0 l'-llél?@zn%f?é,t ay e

extraction's products are |later used for determning |ikel i hood
di scr epancMTME:. Wascd, in aseries indudinglimagései~dide. ,# theFd qay dbedr MId€hriohages t o

the enmbodingnt illustrated in Figur t WO cteplstics ar 5

det er ni nedgﬁﬁgﬁ@gyfﬂetﬁqgg% Hages e%f %ﬁsﬁraée 38@%{ WA/?IE?ESS’ Wé{hdn}eocal
entropy 903envERf6E demBhAtY héit If6S ndBe tigthoby (1,hen) chﬂin-ﬁxﬁﬁir%r géndnodul e
1001, the targetness npdule 1002 and the 1ocal entropy nodule 100

i 11 ustrat eény pthey epmventiom may be wsedoif @pplicablggsiichial §¢l,.al.n-ér iehiay @.bentdeli ment s
may apply only S. f iql W ' i Qur ence,
it is not obli gg{%?@‘ 1?%1 ggg?r%%ﬂt?uéggﬁIl‘gefe}?tgdéﬁggéc(?éelrggg# fbclg 8rrltllalln ?e(%)igyggan%p)
herewi t h (ohaFisglected QpquirsdCipiagehgvhile thé@tlien\imagdsoin, tha yrieeomtitutedothér t he
characteristics capn be conputed. Therefore, in a general manner, one or

mor e char aéh@gessPf cheracapized-imasss e din ehgaeedsimage elating torfhe selectd tmageeadi | y
appreci gt e LN addit i o negd n - er | St i dgﬁﬁé' d
above ag%i f%’%ﬁa tége:ﬁd o{rntg %Eég&rlé??gée gﬁa‘?glg%lg% g‘??‘%g&tggl?lé ’ev@glﬁpute ééae

i ncl udi ng, imageanclatingrphbrtp othemiaraged Gualnotremthe detectdd istagp)deomdtitesi ‘aeivon, 25
coefficient of.variation concurrence /matrix (along with its associ ated
features, Sthepimages hﬂnﬁﬁ%ﬂ%?‘?% CEUMSFist , energy, brightness, etc.), etc.

For that purposgor@§e’ refRRI3! foOhs e%_aﬁhpré@rdfensigﬁpéii 506 A06H| 61 #RMoNR be
introduced to the system 701. I'n addition, although Figure 9 illustrates
t he feat ur epprecatedtnom that the mtermgdiate indgepaoe alse MITMIs hmaded. Becausphashi zed
that the_octder af conput.atio i n-limting, noreovet. it.is als

a1+ owed 30 g B iR s Breld0 b PR AR T pach il Gp Mt e
charact eri gbnsidered as a twd=RoR iHiA3¢ ?E_LGdSlt fhdge) b theGroHbOgenstabish'aithagds! 1h f or
every pixel in the common area of interest in the inmage. The_ pixe )
present | y R8P iy?@ap mgFe E@ﬁﬁwpi Lt sve@hﬁmgdcfpérqnéﬁmregawﬁqumtwnm, it

anal yze r ) &?BH 3 eLi.stics. - <

anal yzed p?é(%ﬁ f%nsizd(%\r/eglr egdr yé%al%s i %%gtfvvl _A%‘gv{ngﬁel éetb't c‘e:&g%lna% t)?gtgedmf)lirhggrl IS
in the w nddithapes asddefor renteriigz ieXpl ai ned, in this connection, that different

characteristics may required different sliding wi ndows for conputation

t her eof 20 Under sPSRoRANS tthather pRvenHomnenbanced jmagehe renderigeoringlydiges the

anal ysi s afifiehoRHROHhAIRE aid (ST Efandld ikl HETERANGY KA bP Riscldpai@n De
appr eci at e&q%%ft ang'{]é%lgs may {nc"aﬁgée 1se%’c‘?ﬁéng for somet ﬁ?r?g lssﬁeei)l I"c,
nanely a " (shoghbt teférred: toeasi '@ somputationsAmamengstrtheegriosp b wnages\wtd dedch theor der
to sinplify further explanation. According to the exanple, a nmunicipality
of acity &B‘Eﬁﬂ&#ﬁ%ﬁ?ﬁ_e?f?yewﬁ??ﬁﬁes of the city in order to identify new
constructions, RARB&AIMEINEh @RbEdifene Bf e RiveRTR, réRREihE Wal drfRtoed! ifRges 10
havi ng hi gher contrast” will assist the operator in identifying the itens
appear i Af whethgr lanjintegroedipte impgp taron finahenhasred ghage, debased @f disarepascywi | |
al I ow di scr ncy det ion. i.@&. . detection of new. onstructed or,.
dest r uct edorEang aiSeS e @oup ot et The BB i Wi a R RIS B .o
to Figure Rotelihhit BRCHrockss beldw asrdeshribed witldrefeRRficd By @Rdupeof the imggekeat ure
extraction a sliding windowis set. 15 Returning to the latter exanple, it

i s assumed Homgvery dp wases gvisre jlagyerompi ofdmeges eompiisesdeerg than twie impgss, Hee wel |
recogni zed M ekt Vi t endt. | At Lon.
ovever i FRSEAidls O8ie bfodRACKY Saftbll GFH, R oiF, BRERCH i HEH W
anal ysi s0i groupc b dadhceased, tafitet bach calanition) asay examiphd, ahravege saluerncahher eof .
According to this exanpl e, .and as in‘gi cated above, a nunicipality can
define t he c3lgulateg AUt Oftha Valiesraladated aerording o S bipwsocssy forj the 3t fraster s
ouer 5 et 8he cbipl€ of iakes G #Ce B Highre? it E%tnctionf blodilGiak AP husiartle?® 1
5x5 neters. Itc?ps r?o%e t hat 5§<5 {)s %nfy 611 non-ﬁ ilo%ﬁt? (r)lg ef np ehgﬁﬁﬂfﬁy

ot her wi nddhe snae madulbe idehi systbm a1l equiigwdd t©uehhase 3mBgedxhd detect | f
one pixel represents, e.g., one square neter (as indicated by the received
pi xel size paraneter), the sliding window in the first case (5x5 neters)
woul d be at | east




25 5x5 pixels (25 pixels), while in the second case (3x3 neters) it would
be at | east 3x3 pixels (i.e., 9 pixels). Hence, the window s size is

af f ect ed,waomaw3poevi ousl y expl ai ned, by the target's expacieedoabzie and by
t he pi xel size. The described enbodi nent requires a w ndow whose size is
measured by an odd nunber of pixels, howgver this is non-limting and

ot her enbodi nents may al |l ow wi ndows havi hg even nunber of pixels as 30
their width.and hei ght (e.g. 4x4, 10x10, Figyre. 11 il Justrates
how | ocal tALSeFsRRRCiES ARt We nitkeas i i @eqorﬁwsrmthg% dine d? of
the i nvent ijgntibh. Thos@ 988 fnat aﬁhﬁll‘%@&?ﬂ?' aﬁgfgclal?é BIEME SR MibRis IWt)bound

2011/ 073990PCT/ 1L2010/ 001071 - 21 - reference to Figure 11 can

i mpl ement edby fther spocifipl achiteyturhallisioedd texFignee b dequévaléo1and/or m0d¥ﬁ¢d t he

| ocal text haracteri st d d titut "
Loxture. ol AHRHGPATRABIY . OF oSt "o RHHOE o | Wb BRbRE, i AL be
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illustrate e\ HB‘HOW‘? E“quﬁj aalﬁ?imfrF VEHE s i di ng 15 wi ndow has a
different si ze tF*ﬂx?th@i%ﬁﬁré youlig acbﬁﬂﬁﬁaﬁﬁq'ﬁitdisngé%led to the Aedik NQdrat@n
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Image /g forms the input for the convol ution operation presented in
Equat i on 2:compggtor, 707. The filter 708 is used for normalizing the calculated differences to

values in the range of 0-1, wherein the value 0 indicates no change, while 1 indicates a
significant change. It is noted though that this convention is non-limiting and another

20 embodiment can use the opposite convention, wherein 0 indicates a significant change
while 1 stands for no change. It is also possible to use a different range.

The non-linear filter 708, apart from normalizing the differences, collects
information on the other pixels constituting the images and maps the data to yield a
"normalized image" of pixels whose values are 0-1. Then, this normalized image is fed

25 into a fuzzy reinforcement module 709 that computes the likelihood of discrepancy
(LD), also referred to as "Likelihood of Discrepancy Matrix" or "LD Matrix". LD
matrix is indicative of the level of change in a siding window examining the two images
702 and 703. If the normalized difference of most pixels in the window is high, LD will
be high, while if most pixels in the window are characterized by a low normalized

30 difference, LD will be low. It will be further described below that the window's size is
variable.

Detailed description of the modules composing the system 701 will follow, but

beforehand, Figure 8 is presented, illustrating one embodiment for rendering an MTML



25Equation 2 Werein: -22 - I and j identify pixel displacenent
around the |local texture sliding window s central pixel x,y that is the
anal yzed woxel1j073e%d w i s the | ocal texture sliding w ndeerdaLwigodiozand

hei ght . The result of operating Equation 2 on each pixel in every
Il mage is a set of 5 texture energy inagﬁ§; For the texture energy inmage of
each pixel normalized differences are processed in accordance vm' th Equation
3: R= 12 x TEMa x TEM <] (TEM.,aa +T Mbb) quati o in 10R
i's the set B#8h oA P‘ié’ds‘?r&t‘tpf ki Hﬁgg‘fser”ér%‘é%f aneg\fith Onepem %%’HP’E 6‘2%‘2’% ned

by operati ﬂﬁfeﬁ%iﬁtli‘&@mﬂlpl%yl 1onT§|}4Pad'e5th£trﬁlsr§§6klvér SR, 'Pﬁ)QVetWr QRgr ating
Equation 1 on I nageb; TEMaa i1s 2: and TEMob 1s (TEMb)2. 151t can be

appr eci at ewvas hmvicmiy explained, .. valﬂiequrmle tp ritigexes &5, €d ahd 6BERKia s Reivbb=
TEMab, whe e| Eth is (TEMa x TEMd), and therefore R equals zero.
However, ger Is the difference between the inages the smaller is the

val ue of s TEM a N5 EMubtrated Rivike ﬂ%%hirhez{c%i)ﬂlﬁﬁgh% ARDEMBEAARNE - in 801 imageR 1S
the normalized | ocal texture difference or t l'i kel i hood of dlscrepancy in

20 text ur equality rigfassessed tfore thy doémegestip theaserigs awbide dp By registeation pandreen a
o101 0 L A BRSO Al B Shu By i, So00n
the |ocal textuPeselitfy, efvﬁﬂoembda;mems nar8- tonsiderddy Aocbrdiddi td awnel bfl thedenat i ve
embodi Nt ¢ g1 ahhouel L apal L ol c. sche, uch erbod TRt | S PLossnt o
10 are valid images having an acceptable quality. Therefore, according to this embodiment,
801 may be skipped. However, those versed in the art may appreciate that sometimes an
image might be invalid or deteriorated. Hence, the second of the two embodiments
considers this possibility, wherein one or more of the images in the series are
deteriorated. According to this second embodiment, it is possible to assess the image
15 quality (as performed in 801), e.g., by comparing it to another image whose quality is
known, in accordance with Wang et al. "Image Quality Assessment: from Error
Visibility to Structural Similarity", for example with adaptations respective of SAR that
are clear to those versed in the art. If the assessment confirms that the current image's
quality is inferior to the other image's quality, the image can be excluded from the series
20 and will not be a part of the enhancement process.
When all k£ images are registered and resampled, enhanced images’ rendering
can begin. As was previously explained with reference to the examples of Figures 5,
6A and 6B, for example, rendering is performed in generations (L=1, 2, ... ). Thus,
couples of one generation are processed in order to render enhanced images of the next
25 generation, then forming basis for rendering the next generation and so on (see, e.g.,
803 and 804). |
For each couple (represented by Image, and Image,, see, e.g., 805), local
features are extracted on 806, processing of differences is performed on 807 (wherein
processing of differences includes computing the differences and normalization
30 thereof), LD is aggregated (808) and on 809 a 2-Look enhanced image is rendered,
while it is noted that this 2-Look enhanced image forms part of the next generation
(L+1).



25 4 and Equation 5: G =1- expE flk x Equation 4 R = abs(G(TEM a) - Gb(TEM
b)) Equation 5 -23 - Ga and Gb are the G values conputed in

accor dancwototliEqs®bi on 4 for pixels in I magea and | magePoT/irBapenvivel y; f
represents reflection of a pixel, f 0; nmean(f), the nmean reflection of

pi xel s in an extended 5ne|ghborhood of ﬁ&e pi xel; and k is a constant. For
a non-limting exanple, k=0.3. According to the enbodi nent, the

ext ended nei ghbqorhood of a pixel covers three tinme the tar et si ze
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10 in size than the targetnéss s sl ze as expect ed
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function, transferri val.yes.into a 0-1 ran resented in
Connecti on it n e JaBF afes iip dis eaind ob Rieirs Hscrntnsd TerBuimomees
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Figure 7, that for local texture, Equation 1 may form part of the

feature extimagesiasn gnabslof Mm@, thehiwe (Eguthréeg houz, ﬁugz, dto) aequret igfagesadhe
conparator 107. .Ret rn| w to Fi e.l1l operating the Sobe
Cporat or 1 rnd puhiplet Shds PSR ploficBriddy ISR "Conput o0, oo g in
accor dance with FE@W@U ®a Jﬂov@haxi Id4critify sdmplarynepei@ions aﬁkernedﬁrufzgefeanue
differences is processed, e.g., in accordance with Equation 2 OFi gure 13

is a block eatraﬁwarﬂ%cmﬁﬁiﬂmg;& ong altenative smbpdimentof the anvention.whilehigure

1001, aggorgi |

gencr at &f vtere oiRek e ShiRlealy oY FRb iy bt ek e
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modul e. 't L@ medR) Pigufdst he texture energy differences nodule and is

configured to process a set of nornalized texture differences (see 1104).
According to the embodiment illustrated in Figure 9, two characteristics are

15 determined. Namely, these are local texture 901, targetness 902 and local entropy 903.
These characteristics are computed by the local texture module 1001, the targetness
module 1002 and the local entropy module 1003 illustrated in Figure 10. It is noted
though, that alternative embodiments may apply only a subset of the modules illustrated
in Figure 10 and hence, it is not obligatory to compute all the characteristics mentioned

20 herewith (in Figure 9). According to the invention, any one or two of the characteristics
can be computed. Therefore, in a general manner, one or more characteristics can be
computed. Those skilled in the art will readily appreciate that in addition or instead of
the characteristics described above additional and/or alternative characteristics can be
computed, including, in an exemplary manner, local mean, local standard deviation,

25 coefficient of variation, concurrence matrix (along with its associated features, such as:
homogeneity, contrast, energy, brightness, etc.), etc. For that purpose, other operations
and corresponding modules may be introduced to the system 701. In addition, although
Figure 9 illustrates the features computation as a sequential process, it should be
emphasized that the order of computations is non-limiting; moreover, it is also allowed

30 to use parallel computing for computing the different characteristics.

Each characteristic is computed, substantially for every pixel in the common
area of interest in the image. The pixel presently analyzed for computing its

characteristics constitutes an "analyzed pixel". In order to compute the characteristics,



Further to explaining |ocal texture extraction, attention is noved towards
targetness: It is desired to enphasi ze the objects conpared to the
backgr ourmio 2BaoEs®e anal ysis is perforned in a sliding RCmADWINWOSHE Size iS
adapted to the target size, it is 30 appreciated that the enbodi nent
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nor mal i zat AgALEL ReWecanstuctions henes hsing ablg ta enforge degal wonsirucons: i lB1gees as

eeor dande ay PR e e i BRI OBORRS: i ARnfiBARE R apfefipe i,

and= 1- G Jimage. In addition, analysis of a series of images will allow discrepancy detection, i.e.,

e

detection of newly constructed or destructed items.
It was previously explained, e.g., with reference to Figure 7, that according to
embodiments of the invention, during feature extraction a sliding window is set.
15 Returning to the latter example, it is assumed that very big or huge buildings
constructed in the city are well recognized even without the benefits provided by the
present invention. However, if somebody builds a room on top of his building's roof,
image analysis in accordance with the invention may assist in detection thereof.
According to this example, and as indicated above, a municipality can define the
20 requirement to detect constructions whose size is 5 meters over 5 meters (i.e., 25 square
meters) or less, i.e., the target's size is 5x5 meters. It is noted that 5x5 is only a non-
limiting example and any other window size can be defined, as required, such as 3x3,
9x9, etc. If one pixel represents, e.g., one square meter (as indicated by the received
pixel size parameter), the sliding window in the first case (5x5 meters) would be at least
25 5x5 pixels (25 pixels), while in the second case (3x3 meters) it would be at least 3x3
pixels (i.e., 9 pixels). Hence, the window's size is affected, as was previously explained,
by the target's expected size and by the pixel size. The described embodiment requires a
window whose size is measured by an odd number of pixels, however, this is non-
limiting and other embodiments may allow windows having even number of pixels as
30 their width and height (e.g. 4x4, 10x10, etc.).
Figure 11 illustrates how local texture can be determined in 901 according to

one embodiment of the invention. It is noted that the embodiment presented with



nis the nunber of pixels formng the targetness sliding window, 20 and T
stands for targetness value. It should appreciated hence that 0 < T <1

The rei nfwocenwnsooperator in the Equation 6 is a fuzzyprcogimiepanat or
characterized as following: in a case when all inputs are high, e.g. all

i nput values G are higher than 0.5 in_the nornalized range (0, 1), the
operator generates values of T higher 25 than any of the input values. In a
case when all inputs. are |low .e.g. lower than 0.5, th per at or gener at es
val ues of Te‘lFfﬁ% iq Eéﬁ\"sﬁ} GaR st implgmgniedgfor ¢ %&Yaf?lﬁﬁg)ﬁ,al fdure dnqdule
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target ness val ud UsHng te Hierexemplary splenlationof the lecahtaxtws, wessss at @Py3 1esal each

pi xel i nfot R thARAG: gﬁﬁh&&ﬁ!f@ E€ampte, Wnésﬁ&%ﬁstﬁu "é%nva_lﬁti&ﬁ,gérﬁglgﬂta?e the
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151t is toheipleest hBatorbktl gﬁh_fem 2hd qR02fis HRCmhK SRPEGSRS dfSthe vERIcEI
exanpl e of one nethod of calculating it and, accordingly, other nmethods may

be utilizegrddentcliicudted thoygh Mt the ifustrasedsmasks are naurtiniitiag angl if dlcasliding r opy

cal cul at.i.on,. the,l ocal.entr.o bet ween i mages._j. ea and image b is
cal cul atléd VYIH&%VE%:I%Sr %ﬁg&er&fgﬁﬁgﬂﬁg u@l&fﬂgezgic))rdé@ pk(i, j)- log
2[ pk(i, j)] A method for obtaining the masks is presented, e.g., by Linda Shapiro and

George Stockman's "Computer Vision".
The output of the Sobel operator is two functions. Namely, these are f, for the
horizontal gradient and f, for the vertical gradient. These functions are combined to

20 obtain the gradient image I, in accordance with Equation 1:

1rg=,/f,f+fy2

Equation 1
Image I, forms the input for the convolution operation presented in Equation 2:

1 L 2 2
TEM(x,y)= |— Y. D1 (x+iy+ )
W ==

25 Equation 2
Wherein:
TEM stands for Texture Energy Measure and according to the
embodiment it is computed for each pixel in every one of the n images in
the series;

30 x and y stand for the central pixel of the sliding window;



k=1 Equation 8 Werein: pk(i, j) = k=1,2; j)+ 22(1, j) 21,2(i,]) =) + C
bb(1 j) and V(Caa(i, iD2 (Cob(i, j))2 - 2j) Cob(i, j) + 4 rab(i, j)12 25
C (i, j)we mRiareagex(i, j)- E(inmagex(i, j))]x E (imgey@cr/iaiioiomiinmege y(i,
j))*] Werein E[...] is the expect ation operat or and * denotes conjugate.

Cxy is the covarlance matri x of inmage, ﬁwd | magey. WO
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to the fol kQtirBJeREMAtinARes. For the texture energy image of each pixel normalized
differences are processed in accordance with Equation 3:

2xTEM, xTEM, o p |

R=1-
(TEM,, +TEM,,)’

Equation 3

Wherein

10 R is the set of normalized texture differences;
TEM, is the result obtained by operating Equation 1 on Image,;
TEM, is the result obtained by operating Equation 1 on Images;
TEM,, is (TEM,)*; and
TEM,y is (TEM;) .

15 It can be appreciated that for two totally identical images a and b, TEMz~

TEMyy= TEM,;, wherein TEM,, is (TEM, x TEM,;), and therefore R equals zero.

However, the bigger is the difference between the images the smaller is the value of
TEM ,xTEM, = TEM,;, and therefore R approaches 1.
R is the normalized local texture difference or the likelihood of discrepancy in
20 texture. It reflects the probability that a discrepancy exists between a single pixel within
an image compared to the parallel pixel in the second image.
The embodiment presented so far with reference to processing the local texture
difference, R, is non-limiting and additional/alternative embodiments are allowed if
applicable. One such embodiment is presented with reference to the following Equation

25 4 and Equation 5:
G =1-exp(~f/kx )
Equation 4
R =abs(G,(TEM ) - G,(TEM,))
Equation 5

30 Wherein:
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D)* (P2(i, D) 10Each pixel within H(i,j) represents the | ocal entropy val ue
of the cowpespariedng pi xel . The hi gher the value is, thechimiaeodibz

| i kel i hood of discrepancy is. Each pixel within LDH(i,j) represents
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covariance matrix Cv. The higher the value is, the higher the |ikelihood of
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present ed above conputes threpeshtrefitotionsf apsel,of >tthe pur pose of detecting
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of 25 conbi ni ng Acoering &xther enbediment; gkd erteaded heighberhadd of R piselccowerst ed by
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Td, ff) - 2 n I'ight of previ ous paragraph, notice that
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actual nunber of characteristics enployed to assess the |ikelihood of
di scr epancyan beused elsewbpreaastyedl- LD i s cal cul ated for a certain group of

mges 11, SUNME SHATHLD EIBRENL MK PR 8 e e
LD mageds + férllocdl @xtiie["Bg@dion 1i gy €sin parlof the feature extraction module 704, while
Equation 2 may form part of the comparator 707. Returning now to Figure 11, further
to operating the Sobel Operator in 1102, on 1103 the texture energy measure is
computed, e.g., in accordance with Equation 1. On 1104 the set of normalized texture
differences is processed, e.g., in accordance with Equation 2.
20 Figure 13 is a block diagram schematically illustrating the local texture module
1001, according to one embodiment of the invention. 1301 is the mask generator
wherein masks are generated. 1302 is the Sobel operator. 1303, a texture energy
‘measure module, is coupled to the Sobel Operator for obtaining f; and f, therefrom. In
this module texture energy measure is computed, see also 1103. 1304 is a normalized
25 texture differences module. It is coupled to the texture energy differences module and is
configured to process a set of normalized texture differences (see 1104).

Further to explaining local texture extraction, attention is moved towards
targetness: It is desired to emphasize the objects compared to the background. Because
analysis is performed in a sliding window whose size is adapted to the target size, it is

30 appreciated that the embodiment emphasizes targets over the immediate background
thereof.

It was mentioned before that the sliding window used for targetness computation

is not necessarily identical to the sliding window used for local texture computation.
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i nternmedi a nhan e nﬂ2 | conbln i.on bet

constrai neﬁﬁg’ﬁﬂs 8?3‘% eﬁ%% ‘?fgaﬂg‘%of’\ﬁfﬁ”(?h LRe qeserihy z’ﬁ is
the sel egted lwmtwgeﬁme&m}aﬂféesm%sgé Béhekdi® @on: er?étﬁﬁs'c@ﬁﬁﬁreﬂ&o@l@ét of
the group of images corresponding to the calculated LD). It can be

appr eci at edetifigt gengeaiesa by edngkgreu@ru Ble aarg@a@ﬁs@armeu@nmhmtqdhm :
enhancenent, t he | at.jon d Scr e hi er t he
LD value i & -&flﬁge%ﬁ?% m;l "t“h%e d? gk‘ ] thg reS% | l%vglgtg%na cu ezrate’lngn | gher.
It is to bdiffietsd ihhatunﬁshEy h&cweomdgdsrm@ethé Mmg@@ﬁid) Fﬁg\i}ebﬂ bl@lu;hl{:}t ed in
accordance with the follow ng equation: 30i nnback = (1- } (|na ed

i mages)! 2 represonts the firctian shatinorpalipes ﬂEq'@&eF'ﬁ) feflectiggninto a 0-1 range, w. erem
2011/ 07399 /

i ncl usi \?} 2 %é&%ﬁ%@%%?%%%%ée% o al%}le(()j I“?lrlllgg‘gg%r génlggm%;@ trei?‘%(ﬁon)
fol | ow ng egqueprasented/bf ﬂaﬁksheu(d]be hr@erstc(odnﬁgedlch nomagiég}ioh c2n be dbne, for

max (i maged, i ed) 5 uati. Furtheg t o under st andi ng t he
present ed EHHB n’é‘r?f’%or cevd ‘ﬂ‘?aﬁlﬁnf‘h%g‘ml’f?ﬁf? NffMLwa, and MIM. backgr ound

i mages it can be.3ppsee aﬁl@@a.r%&ﬁéss canﬁoeeoag& 904 ur@&e ahh tﬁlgalr

stands for Red, Green and Blu as known thos verse int t) 1t is
possi bl e t®:use a single primary color (red, green or blue) for displaying
each one of the 10 three images. It is also possible to select a

conmbi nation of two inmages out of the thregdisplaying one of the two using
a S|ngle primary color, while the other igjhléplayed usi ng a conbi nati on of
the two 8t her prinmary colors The two™ ry colors forma "sub-set”
of primary colors. An inmage displayed LE[69+ :G,ngl e primary color or a
conbi nati on of sub-set of primary col orst constiitutes, hereinafter, a
"colored i mage". For 15 exanple, one enbodi nent uses a conbination of red
and blue for displaying the MIM. backgr 8yuation 6rage, while green is used for
di spl aying the MIM.i image. If the primary colors are balanced and if
t he col or ed i nag¥kereine superinposed it can be appreciated that in the

resul ting superinposed i mage background itens will appear in the

bl ack/ grey/white scale, wit€,68jaed & appearing in the ith acquired i mage
20 (and therefore in MIM.) but not in the background i mage w |l appear

gr een. Accor di ng t o "is dng pepksiiof Pixghsfosming the éarﬁ@%‘%ﬁstﬂhémgd"@é‘l"éct

col or ang superi npos e i i

acquir eggl mages. For %gi\gprrpl efdg ﬁ/ﬂﬁf%rg%r%@swhlﬁg ﬁw!gﬂlﬂugi I\#Eﬁ_%glleg 5%@%?@%%{1
using a conbi nation di<fed and blue while MIMLk is displayed in green. In

thi s exampl e, round itens, i.e., tho i t.ens .
P aﬁlegrel orcement operator in tL]e Sﬁquatlon is a fuzzy logic operator

characterized as following: in a case when all inputs are high, e.g. all input values Gj are

higher than 0.5 in the normalized range (0, 1), the operator generates values of T higher

25 than any of the input values. In a case when all inputs are low .e.g. lower than 0.5, the

operator generates values of T lower than any input values Gj. In generality, the full
reinforcement operator strengthens high value pixels and weakens low value pixels.

The targetness sliding window size is usually a constant size of 3 x 3 pixels.

Larger window sizes can be considered such as 5x5 or 7x7 pixels, but the 3x3 window

30 is more efficient and therefore is usually employed. However, the window size should



25 appearing in both inmages, wll appear in the black/grey/white scale,
object itens appearing only in MIM., will| appear red/pink/blue, and objects
appear i ngvortby/a7s09MIMLK wi | | appear green. |t sheardLeo/eq@prieci at ed
t hat ot her conbinations are allowed, according to the case. For exanple, it
is possible to use red for displaying MMbackground, green for 30 MIMk
and blue for MIM.J, etc. Thus, displaying several inages of a scene

in RGB all ows. aut onat.ic,detection of discrepancies occur.ring anppngst the

| mages. - The B AR fcs A e BB L0 SXamgles i ecorrs trget
intuitive anch@ds!isUR4 Pikeldthes ethPetress ARABOWildOWESHR! Gl Eﬂ:férﬁlﬂy iRBges) i n
his work of understanding of discrepancies occurring in the scene. I't
i s noted tHAbihgtsmalest tREE 15 of Al pixels; e ttargetoessalidingevindens size ovillapmeferably s

possi bl e t S he | or odel.s sych as subtractive color nodels (e.qg.,
CWYK, whi cg’egfigﬁﬁéo@f‘%{g a%e,coﬁgégrﬁagf“ﬂ?el | ow and Key that is black) or
any ot hes nodel Similar tolR with! Ibcd) €extitd €whétberdbdsbdbn Eqgationst eNvBgG@dtibnyy, t 0
the invention may be a suitably programed conputer. Likew se, the

i nventi on dolstRospible tescalcudatenthe Blkelihoad o4 dissespancy edaibng) te taigetnesoppmels for

executing t i t han L ti - her. gont tes a
machi ne-r eﬁ%ﬁ%ﬁ%ﬁo%t tgggérg*gge#%o?ﬁ%gesg%ﬁp?g%r Ié%{aca)lp%l’uﬁegtl?ucc i oérils
execut abl e cbinptifed saparitelyefot eachepizeluini the imbhge. Fatthethodé, ih heoiindgesta and b) n
addition, those versed in the art would appreciate that a system according
to the inveat representh the tamgetgey yalup) efethgacsriadn ixel nitiip simage canwhdephse

har dwar e _and softvv%re corrEonents. VWi le the jnventi onll, has been shown
and desdPi BeRIesisHbe dargetopss, valye, ot fhe qomresnending, Biahidnimage 4. The trgemess;s
limted. Nysef [ I, O es i t L4 cope
of "t ho. i nvenea R SRl Mo aBTES" e CAIRHIETED, B Mhodtdher N o
for conmput gig,,z64 generation of an enhanced i mage based on a plurality of

acquired i nages, the method conpri sing: (a) receiving a plurality of
acquired images, each conpri singTg ed@hwln B)ed, ofl 5, Mt er est ; (b)
receiving processing paraneters; (c) grouping said plurality of

acquired inmages into one Or mbre groupSggf fha Processing the images within
said one or nore groups, wherein said processing conprises:

15 It is to be noted that such calculation of the targetness is a mere example of one
method of calculating it and, accordingly, other methods may be utilized for calculating
the targetness.

Turning to local entropy calculation, the local entropy between two images

image, and image, is calculated in accordance with Equation §:

2
20 H(i, j)=-Y_ pe(i, j)-log] pi(i, j)]
k=1
Equation 8
Wherein:
. A(i, j) _
) = k=1 ,2;
P ) = S i)

A2(i, j) = %(Caa(i, J)+Cw(i, j)+
and

Cas (i, )

%\/(Caa(i, N+ (Co(iy 7)) =2+ Caali, j)-Cos(i, j) + 4+

25 C,(, )= E[(image (i, j) - E(image, (i, j))] x E[(image, (i, j) — E(image,, (i, /))*]
Wherein EJ...] is the expectation operator and * denotes conjugate.

C,y is the covariance matrix of image, and image,.



10i )for each given pixel wthin the conmon area of interest, calculating a
| i kel i hood of discrepancy between respective pixels of the inages of said
one or nowe2griaIp®y thus giving rise to |likelihood of dipstnepaseyoval ues
characterizing said given pixel; i) generating a "likelihood of

di screpancy matrix" conpri sing t he 151 i kel i hood of discrepancy val ues and
characterizing the likelihood of discrepancy for each pixel within the

common area of ter each of s one Qr nore groups, generatlng an
enhanced i mage ?It% {K?tf:‘;%ah@ccggqnegﬁotﬁgfq%%@tlm di screpancy matri x.

2. Th hod of (€l t h
generated the mtad Rk pagd %r%ﬁ’?@@es @5’§ EEEZ gLl %‘Qﬁ'gﬁaéﬁ???ages
into one or rmr@ ol st [(’('We ide e ddimages (b))l irddd8ags, (nidr BEmagso e/ BT nor e

?LOUPS wher ei n @%lq)EHQ@&@bﬂg[]yQ@fm@@ﬁ’ > J EH(@"IG&aGQJEH E@?g%é L)ty thin
e co n area erest u n

bet ween Tespect |(§c/)’é(’p( elF[g b;iﬁ 5: ﬁg §9'o(a ; ?[Q'ﬁ%gc)p rlé(s'df% E}sfc)gt]hus
giving rise to ljKkel C i ven
i xel ; generati A & *Pﬁﬁgff%“%ﬁ%‘?ﬁ?%ﬁ%c“?#éﬁ%ﬁ&??ﬁ@fw {BliRgs el

301i kel i hopdssitle do szq;empaacmmfaicuasm @mtax:bﬁrthe |mgnalizedlelg@ivahema1pmj))

di screpancy fo eacg]léj f( within the common area of interest; for each of
sai d one oP°HEHBE R} S% ‘@Qﬁéﬂ‘éﬁqoﬁg an enhanced i mage while utilizi ng said
l'i kel i hood of discrepancy matrix %OPCT/ 1L2010/ 001071 - 31 -
(c) repeating stidpH (i A)= i mage i s created.

10 Eéch pixel within H(ij) represents the local entropy value of the corresponding
pixel. The higher the value is, the higher the likelihood of discrepancy is.

Each pixel within LDH(i,j) represents the likelihood of discrepancy based on the
normalized eigenvalues of the covariance matrix Cyy. The higher the value is, the higher
the likelihood of discrepancy is.

15 It is to be noted that such calculations of the local entropy are mere examples of
methods of calculating it and, accordingly, other methods may be utilized for
calculating the local entropy.

It should be appreciated that the exemplary embodiments of the invention
presented above computes three characteristics for the purpose of detecting

20 discrepancies between images. Namely, these characteristics are local texture, entropy
and targetness. As noted above, as a person of ordinary skill in the art can appreciate,
less and/or additional and/or other characteristics may be utilized for that purpose. The
overall likelihood of discrepancy, LD, at each pixel is computed for combining the LD
previously calculated for the different characteristics. For example, in the example of

25 combining local texture and targetness, the overall LD is computed by combining the
local texture difference R (see Equation 3 or Equation 5 above) and the local targetness

difference T4y (see Equation 7 above), e.g. according to Equation 9 below:

R*T,s
R*Tdﬂ+(l R) (1-T,)

30 Equation 9



3. The nethod of claim1, wherein in case any of said groups consists nore

t han two i nmages, said generating a "likelihood of discrepancy matrix" for
t hat growo=2otinTp9nses: (a) generating a |ikelihood of @cTarmpasmy7inatri x
for at |east one possible couple within the group; (b) calculating an
average |ikelihood of discrepancy natrj§7porresponding to all 1ikelihood of
di screpancy matrices generated for said at | east one possible 10couple in
the group. 4.The nethod of claiml1l, wherein each_pixel in said enhanced

i mage is cal cul s Bgh's the REEYigHt BaragiaRbi Teitce dhatoauatien % eppsents J& 196tael s of

t he i mages phiichiRf 5P :EqWQ€61F:6”er hge VBLY %!fstw%f V&J{A%lersleﬁﬂﬁcagw M%,gpar e

defined by their respective values 15 wthin the [|ikelihood of discrepancy
mat ri x. 5. Hosvenet iftieb mimbdr &if whatacténistick esedctorapsdss thediksbhewt ofindjsaepanopie t o

b h wher ein t ' ding,tq th ted i '
provi deq. vlshendn L PanERdisgh b SREQAE B thets MblRLERG IUBERt fnal o
the |ikebi hagsl Mimbdr SEERPARGItIVAHSloyed o RBsesd TR 1IKBHRGS ¢Hdiseképanityl LDWer ei n

sai d generating an enhanced i mage conprises inproving the contrast of at
| east one of salCmcpithy BPiis yalgplatedfar 2 eertaineggeup of images (imtithe Abavisseamplec] ai m

2t Teast ofbiss 3G BL GOy E b R RGO RRY YRR PR S
1, wher ei naswirdinptOBgEsiongopar aneters i nclude at | east one of the _
follow ng: (a) an indication of a selected image to be enhanced; 30(b) a
target size paraml2r Lbeimagaytt Oo—1dQ) S(imeagd, -aimagegrt2of interest; (c)
a pixel size paraneter, representing the size of an area covered by a
single p?xel in an image. WD 2011/ 073990P€r1812010/ 001071 -32- 9. The
rrngi ?Io)c(i ?chhgg g‘z\n}ﬁeré'mﬁ gz!tsre]: e%ltlclje gs% e%{e tirlngge"a(sélleégcll Itohl())eognh%Ilce%l bSyCzE lexsper n(():ry
an "enhanced selected image" (also referred to as "new selected image", which is an
enhanced image relating to the selected image) is part of the group of images
corresponding to the calculated LD, image, in Equation 10 will represent that image
15 (the selected image or the enhanced selected image). In other cases, image, can
represent any one of the images in the group. It can be appreciated from Equation 10
“above, that for a very low discrepancy value e.g. LD = 0, ml2 = (image, + imagey)/2
e.g. ml2 is the constraint average of the two input images image, and image;. On the
other hand, for very high discrepancies values e.g. for LD = 1, mi2 = image,. For any
20 other value of discrepancy e.g. 0<LD<I1 the intermediate enhanced image mi2 is a
weighted combination between the constrained mean of the two images and image,
(which, as noted above, is the selected image or the enhanced selected image if such
image is part of the group of images corresponding to the calculated LD). It can be
appreciated that image, is considered as a leading image on which the enhancement is
25 based. In the calculation described above, the higher the LD value is - the weight of the
leading image in the calculation is higher.
It is to be noted that the background image (MTMLg,) can be calculated in
accordance with the following equation:

30 ml2sack = (1- LD)-(image, +image,)/ 2 + LD - min(image,,image, );

Equation 8



(a) conputing one or nore characteristics for each of said respective

pi xel s of the inmages of said one or nore groups, thus giving rise to

conput ed wohariaos®oi sti cs; and (b) processing said conpecedLmheéo@otieri stics
for obtaining normalized differences val ues anongst each of said respective
pi xel s of the inmages of said one or norg groups, constituting the

| i kel i hood of discrepancy matrix respeciive of the one or nore
characteristics_of each of said respective 10pi xel s of the inages of. said
one or rore grolips. 101 ?'ﬂ‘?éedﬂglaﬁéﬁe d’FCEi‘éSII%ﬁ Anage Mﬁgiw)sfépdb%%‘é]éfeér IBstics

i ncl ude at 5l @aBkcOWSh e fohgwﬁ%ng_q%\zqi ). (a) local targetness calcul ations;

15(b) local texture calculati c) local entropy calculations. 11.The

met hod of cl ajym 10, .qwhere{ ny.sai d | ocal r I ' i ted in
accor dance \%?W"CQO' 919‘2@;@'?8& ﬁfﬁﬁ&%@y@# +eLB§ @@w&mfmé%% W

Wherein: fx and f, are the output of a Sobel operator applied to pixels in
each image; x and y stand for the cent ;@éﬁ@hﬁgl of a local texture sliding

wi ndow, 25i and j identify pixel displ around the | ocal texture

sliding w ndow %uﬁﬁer}tt(r) allJ.lnerlséIeuliin)é’thg i)resented embodiments for rendering the MTML;,

MTML ox, and MTMLpgckgrouna images it can be appreciated that in the RGB color model
(wherein RGB stands for Red, Green and Blue, as known to those versed in the art) it is
possible to use a single primary color (red, green or blue) for displaying each one of the

10 three images. It is also possible to select a combination of two images out of the three,
displaying one of the two using a single primary color, while the other is displayed
using a combination of the two other primary colors. The two other primary colors form
a "sub-set" of primary colors. An image displayed using a single primary color or a’
combination of sub-set of primary colors constitutes, hereinafter, a "colored image". For

15 example, one embodiment uses a combination of red and blue for displaying the
MTML packgrouna image, while green is used for displaying the MTML; image.

If the primary colors are balanced and if the colored images are superimposed it
can be appreciated that in the resulting superimposed image background items will
appear in the black/grey/white scale, while objects appearing in the i'th acquired image

20 (and therefore in MTML)) but not in the background image will appear green.

According to a different example, it is possible to select, color and superimpose
two different MTML images relating to different acquired images. For example, MTML;
and MTML;, while MTML; is displayed using a combination of red and blue while
MTML; is diéplayed in green. In this example, background items, i.e., those items

25 appearing in both images, will appear in the black/grey/white scale, object items
appearing only in MTML; will appear red/pink/blue, and objects appearing only in
MTML, will appear green.

It should be appreciated that other combinations are allowed, according to the

case. For example, it is possible to use red for displaying MTMLpackground, green for
30 MTML; and blue for MTML;, etc.
Thus, displaying several images of a scene in RGB allows automatic detection

of discrepancies occurring amongst the images. The presentation of the discrepancies



wis the local texture sliding window s width and height. 12. The net hod of
claim11l, wherein obtaining nornmalized differences is done in 30 accordance
with - 38020R2I3®0x TEMa x TEMo (TEMaa + TEMob ) wher ecmILIEVBO1DE t he

| ocal texture obtained for |Inmagea anongst respective group; TEMb is the

| ocal texture obtained for |nmageb annngié_said respective group; S5STEMaa is
(TEMR) 2; and TEMob is (TEMo)2. 13. The nethod of claim 10, wherein said

| ocal targetness.calculation js conputed in accordance with |1G 10 T= i=1
NG nG | ZBFIDE CRIRES & VG and S ARBITRRSS 8 BFISOR YHRRPFRIING 9% ingegenkis
sl iding wi meonerkGflul@erstadhy 6f &iﬁéf@}'fsﬁrﬁﬂesfo%urﬁngiﬁ(@l'e steleN accordance with: G

=1- exp(-- flk x pioc) 15wherei represents reflection of a pixel;
It is noted though that RGB is not a limitation of the invention and it is possible

to use other color models such as subtractive color models (e.g., CMYK, which stands
5 for Cyan, Magenta, Yellow and Key that is black) or any other model.

It will be understood that the system accdrding to the invention may be a
suitably programmed computer. Likewise, the invention contemplates a computer
program being readable by a computer for executing the method of the invention. The
invention further contemplates a machine-readable memory tangibly embodying a

10 program of instructions executable by the machine for executing the method of the
invention. In addition, those versed in the art would appreciate that a system according
to the invention can be hardware. Alternatively, the system can compose hardware and
software components.

While the invention has been shown and described with respect to particular

15 embodiments, it is not thus limited. Numerous modifications, changes and

improvements within the scope of the invention will now occur to the reader.



Pr. = nmean(f) the nmean reflection of pixels in an extended nei ghbor hood of
the pixel; kis a constant. 20 14. The nethod of claim 13, wherein

obt ai ni ngvoarri7dwed di fferences is done in accordance wcrhLXdy/bdior Ta X
(1- Th)+ 7, x(1-Ta) wherein 25 Ta and Thb stand for targetness (T) of
corresponding pixels in Imagea and | maggh, respectively. 15. The nmethod of
claim1, wherein said group conprises two inages. -34- 16. The nethod of
claim1l, wﬂggg' Ssaid i mages are SAR (Synthetic Aperture Radar) images. 5

17. The net tlaim1, wherein said plurality of acquired inmages

originate fjr om mMhgethdRFoPREmBLREEQS FenetSidh oY SinSBhEARAP RS ba&iAehRt4 N an
enhanced i nage based on a plurality of acquired inmages, The system
conpri ses @lpalityof sequirsd dmagdsy bieynathotheompeisintgd an i rage 10 i nput bl ock and

[ t ' t blogk: . .. id | t block i
Cont Lgured tor 1ACarseinef RS §F Aiavired imadS: fa¢h SRR PrERH oBinith wpRef o
common agea of i nt gitesét; sai d processing paraneter input block is

configured to receive processing paraneters; 15said processor is configured
to group said @Plur sGcEtWNGRProsRssiiE PerMaitiBies i nto one or nore groups and

Prpres: fsntg:he | RGeS oVdubiig a1 HraRBPortoq B Einie QY AR ofd G Hsle Woudh; | east the
(d) processing the images within said one or more groups, wherein said
processing comprises:
10 i)  for each given pixel within the common area of interest, calculating a
likelihood of discrepancy between respective pixels of the images of
said one or more groups, thus giving rise to likelihood of discrepancy
values characterizing said given pixel; |
i) generating a "likelihood of discrepancy matrix" comprising the
15 likelihood of discrepancy values and characterizing the likelihood of
discrepancy for each pixel within the common area of interest;

ili) for each of said one or more groups, generating an enhanced image

while utilizing said likelihood of discrepancy matrix.

20 2. The method of claim 1, wherein in case more than one enhanced image is
generated the method further comprises:
(a) grouping said enhanced images into one or more groups;
(b) processing the images within said one or more groups, wherein said
processing comprises:

25 i)  for each given pixel within the common area of interest, calculating a
likelihood of discrepancy between respective pixels of the images of
said one or more groups, thus giving rise to likelihood of discrepancy
values characterizing said given pixel,

i) generating a "likelihood of discrepancy matrix" comprising the

30 likelihood of discrepancy values, characterizing the likelihood of
discrepancy for each pixel within the common area of interest;

ili) for each of said one or more groups, generating an enhanced image

while utilizing said likelihood of discrepancy matrix



i) for each given pixel wthin the conmon area of interest, calculate a

| i kel i hood of discrepancy between respective pixels of the inages of 20said
one or nowe2griaIp®y thus giving rise to |likelihood of dipstnepaseyoval ues
characterizing said given pixel; ii) generate a "likelihood of discrepancy
matri x" conprising the |ikelihood of di ?[epancy val ues and characterizing
the likelihood of discrepancy for each % xel within the conmon area of
interest; 25iii) for each of said one or nore groups, generate an enhanced
i mage whil e uti®) zFsRgaung gensi(RHnd{Syuntyra %‘?%%F’g}?éﬁ%m%ﬂﬁ greatgd) The system
of claim 18, wherein in case nore than one enhanced inmage is gener at ed
the processor is further configured to performat |east the follow ng:

30(a) group.sai dhenhethakdf clabgds whatet oneaseanyof saidrgroygs; cofikiptspnaedba t he

i mages within said one,or nor.e grqups, including at |east ,the follow ng: -
55 9%%) flor NWCHIGEY ortih: Seafrating i oHkAond o hscieadicst TRRY: DS 19k SouM ot o a
l'i kel i hoed cefmpfik&er epancy between respective pixels of the images of said
one or nore groups, thus giving rise to |likelihood of discrepancy val ues
char act eri zi ng (®ai gengirating pi ldeellihodd iof djsamepancy mattik| foelat Hoastl ane plssibleepancy
mat ri x" conpri sing thg Iﬂﬁeubhood of di screpancy val ues, characterizing the
| i kel i hood of discfg%)%39 o eé&@ﬁ’pixel within the comon area of

interest; iii) (bpr calaglatind as@edageikelihodoRdigireptnsy nedeédtpaiiigdadr ed
image while utilizing said |ikelihood of discrepancy matrix 10(c) repeat
steps (a) and (b) éﬂhglﬂhooa of diggrepapey maiees igeagratef ot paid @k dpastoonerprssiblest em
of cl aim,18, f“rth%5mﬁgﬁﬂhkﬁhﬂ$.a di spl ay wherein said processor is

4. The method of claim 1, wherein each pixel in said enhanced image is calculated
as a weighted combination between respective pixels of the images in the group,
wherein the weights of the respective pixels are defined by their respective values

15 within the likelihood of discrepancy matrix.

5. The method of claim 4, further comprising selecting an image to be enhanced,

wherein the pixel corresponding to the selected image is provided with additional

wejght in the weighted combination proportional to the likelihood of discrepancy value.
20

6. The method of claim 1, wherein said generating an enhanced image comprises

improving the contrast of at least one of said plurality of acquired images.

7. The method of claim 1, wherein said generating an enhanced image comprises

25 reducing noise in at least one of said plurality of acquired images.

8. The method of claim 1, wherein said processing parameters include at least one
of the following:
(a) anindication of a selected image to be enhanced;
30 (b)  atarget size parameter, representing the size of an object of interest;
(c) a pixel size parameter, representing the size of an area covered by a single

pixel in an image.



further configured to display said enhanced i mage on said display. 15

21. The systemof claim 18, wherein in case any of said groups consists nore
t han two worga#73®ai d generate a "likelihood of di screpaaorgLroad/nota’l f or
that group conprises: (a) generate a |ikelihood of discrepancy matrix for
at | east one possible couple within th§3§[oup; 20(b) cal cul ate an average

| i kel i hood of discrepancy matrix corresponding to all |ikelihood of

di screpancy matrjces generated for_ sajd at |east one_ possible couple in the
group. 22.°The ifélstlg o of |k, Lewhegemy %ﬁlﬁtﬁ geneIAting Rlikelifoed, of) disqFrpARGYd
image i s calast alcRleed as a wei ghted conbi nation between respective pixels
of the images 1 n the group, wherein the weights of the respective pixels
are defined by (a)hecompesgeote aremvml ahesmcteristicsnfor leach ofkslid hespettiovt piedcofpancy
matrix. 23. The systemof claim 22, wherein said processor.is further
configured to receffe™89 %tgfag%tannorofnoé?l SNRSe WG BY M FSR IR SO d
wherein §he pixel gRirh@&m@iesidg to the selected image is provided with

addi tional weight in the weighted conbination proportional to the

l'i kel i hood of %P)scpmam vsiildjecomp@ed eharaqtpmstioy stfern obtaiping margalivgser ei n

sai d processor is fLaur o_performa ancenment .of. the contrast of
at | east one of sa:alg?ef)‘lﬁ%rgsalgigfl {"/S 0 O%gﬁal%}leog slg%r&@%ec Uy i%d&@ﬁg‘real{‘}aéﬁs %t; an
enhanced i mage. 5 g2fidbhe os¥ysdre Br@fpsCt@istitulifg thid Hkelihvod Jf diRFPassSsMatrixs
configured to reduce nojse in at |east one of said plurality of acquired
i mages during geneF&Psdive it e aehemawie ichergeteristies Tofecashsele paid frespegliva 18,
wherei n,sai d procegsi [ E t one 10 of the

fol |l ow r%g (a) an ?ﬁggﬁggﬁﬁ{%géﬁg@%ﬁg%ﬁ%@ 0 be enhanced; (b) a
target size parameter, representing the size of an object of interest;

10. The method of claim 9, wherein said characteristics include at least one of the
following:
(a) local targetness calculations;
15 (b) local texture calculation;

(c¢) local entropy calculations.

11.  The method of claim 10, wherein said local texture calculation is computed in

accordance with

20 Ig=,/ﬂ2+z;2

1 L 4,
TEM(x,y)=_|— > D I’ (x+i,y+))
W ==
Wherein:

Jx and f; are the output of a Sobel operator applied to pixels in each image;
x and y stand for the central pixel of a local texture sliding window;

25 i and j identify pixel displacement around the local texture sliding window's
central pixel x, y;

w is the local texture sliding window's width and height.

12. The method of claim 11, wherein obtaining normalized differences is done in

30 accordance with



(c) a pixel size paraneter, representing the size of an area covered by a
single pixel in an inmge. 15 27.The system of claim 18, wherein said

pr ocessorwo0Tioriogured to perform at | east the foll ow rgTaLEp&odari ng sai d
generation of a likelihood of discrepancy matri Xx: (a) conpute one or nore
characteristics for each of said respecg%ve pi xel s of the images of said
one or nore groups, thus giving rise to tonputed 20characteristics; and (b)
process said cogggted characterlstlcs to obtain normalized differences

val ues anongs Mt xd4) be§§gqt|ve pi xel s of the inmages of said one or
nor e groups codﬁﬁliukﬂngggﬁe "1t kel i hood of discrepancy matri x respective
of the one or nore characteristics of each of said respective pixels of the
25i mages of sai dwhereinor nore groups 28. The system of claim 27, wherein

idch t f the foll |
f glr getC ngg gccglr Icﬁ*@%s 5ﬁgciogg(t8’fam{ Oo?%chgf}? (f?@geeéfeneﬂgﬁtr?s\g R’(ecé’ ‘%Hacacaent r opy
cal cul ati ons. W@A%Qéﬂiqué’a?Q&BGI/oHa?&a%loﬁp&%Z}am&Ygst 3&9&1 réEB@ctiW%kﬁiF of claim

28, wherein said processor is configured to performlocal texture
cal cul atfon in dédbeted&dMaiend =. 1142 +42 TEn(x,y).Eig-(x+i,y+ W

TEM[,[, 1S (TEM],) .

13.  The method of claim 10, wherein said local targetness calculation is computed in

accordance with
HG
HG + HG ;

wherein:

10 T=

n is the number of pixels forming a targetness sliding window;
G; is the G value computed for a pixel j in accordance with:
G =1-expl- f/kx )

15 wherein:

f represents reflection of a pixel;

Hioe — mean(f ), the mean reflection of pixels in an extended neighborhood of
the pixel;
k is a constant.
20
14.  The method of claim 13, wherein obtaining normalized differences is done in
accordance with
Ty =T, x(-T,)+ T, x(1-T,)
wherein

25 T, and 7, stand for targetness (T) of corresponding pixels in Image, and Images,

respectively.

1S.  The method of claim 1, wherein said group comprises two images.



5Wherein: fx and f, are the output of a Sobel operator applied to pixels in
each image; x and y stand for the central pixel of a l|ocal texture sliding
wi ndow; iwendifjo7seenti fy pixel displacenent around the IlpoTAaL20t@8d1071e
sliding window s central pixel x, y; 10 wis the local texture sliding

w ndow s wi dth and height. 30. The sy§%$g1of claim?29, wherein said
processor is configured to obtain normaltzed differences in accordance with
R=1 2 x TEMa x TEMo , (TEMaa + TEMbb ) 15wherein: TEMa is the | oca

texture obtained for |Imagea anongst respective group; TEMo is the |ocal

(TENE) 2; “and TEngE TR 8™ 30 e il ARG WS AR e i g

| ocal targd®Radeysmagdscul ation is conputed in accordance with G T= n9

5 17.  The method of claim 1, wherein said plurality of acquired images originate from

more than one platform.

18. A system capable of generating an enhanced image based on a plurality of
acquired images, the system comprises a processor operatively connected to an image

10 input block and a processing parameters input block;

said image input block is configured to receive a plurality of acquired images,
each comprising a common area of interest;

said processing parameter input block is configured to receive processing
parameters;

15 said processor is configured to group said plurality of acquired images into one
or more groups and process the images within said one or more groups, including at
least the following:

i)  for each given pixel within the common area of interest, calculate a
likelihood of discrepancy between respective pixels of the images of

20 said one or more groups, thus giving rise to likelihood of discrepancy

values characterizing said given pixel;

il) generate a ‘"likelihood of discrepancy matrix" comprising the
likelihood of discrepancy values and characterizing the likelihood of
discrepancy for each pixel within the common area of interest;

25 iii) for each of said one or more groups, generate an enhanced image

while utilizing said likelihood of discrepancy matrix.

19.  The system of claim 18, wherein in case more than one enhanced image is
generated the processor is further configured to perform at least the following:
30 (a) group said enhanced images into one or more groups;
(b) process the images within said one or more groups, including at least the

following:



NG +n, wherein: 25n is the nunber of pixels formng a targetness sliding

w ndow; Is the G value conputed for a pixel | in accordance with: G =1 -
exp(- flkww2ptiya7y990- 38 - wherein: f represents refl ectipom/inioiaoq@oxel ;
mean(f) the nean reflection of pixels in an extended nei ghbor hood of the

pi xel ; 5k is a constant. 32. The systegxrof claim 31, wherein said
processor is configured to obtain normalized differences in accordance with
Toll- = Ta x - 7 +,Tb x - 10wherei.n Ta and 7;, stand for T of cqrresponding
pi xel s in I magea abd |§€Hgf'é51} g Rixeli yithy the gammpgeares, of iersst, ealghlate s

wherein said group COMRE&IRRB] IFAidcPEHIARSy b&@e%réﬁ?{&tﬁ%?ﬁféﬁ of ﬁﬁ'iﬁiggksléthe

wherein said i mages are SAR (Synthetic "Aperture Radar) 1 nages.
system of claim 18, whesdione sampreproups,ithys givingatpaito dlelihmmgead’ disciepanat e
fromnore than one platform. 20 t hod for conputerized generation

36. A
of an enhanced SAR (Syﬁ?lﬂﬁs[‘fh@f%beéﬂzfrlﬁsélﬁﬁﬁwleﬂhage based on a plurality of
acqui reds SAR i mages;) t BgheRE NQd "GIALLE! B discrepancy matrix" comprising the

likelihood of discrepancy values, characterizing the likelihood of
discrepancy for each pixel within the common area of interest;

ili) for each of said one or more groups, generate an enhanced image
while utilizing said likelihood of discrepancy matrix

10 (c) repeat steps (a) and (b) until a single enhanced image is created.

20.  The system of claim 18, further comprising a display wherein said processor is

further configured to display said enhanced image on said display.

15 21.  The system of claim 18, wherein in case any of said groups consists more than
two images, said generate a "likelihood of discrepancy matrix" for that group
comprises:

(a) generate a likelihood of discrepancy matrix for at least one possible couple
within the group;

20 (b) calculate an average likelihood of discrepancy matrix corresponding to all

likelihood of discrepancy matrices generated for said at least one possible

couple in the group.

22.  The system of claim 18, wherein each pixel in said enhanced image is calculated
25 as a weighted combination between respective pixels of the images in the group,
wherein the weights of the respective pixels are defined by their respective values

within the likelihood of discrepancy matrix.

23.  The system of claim 22, wherein said processor is further configured to receive a
30 selection of an image to be enhanced, and wherein the pixel corresponding to the
selected image is provided with additional weight in the weighted combination

proportional to the likelihood of discrepancy value.



(a) receiving a plurality of acquired SAR i mages, each conprising a common
area of interest; 25(b) receiving processing paraneters; (c) grouping said
pl ural it ywof20megsdoned SAR i nages into one or nore groupPLCTAN)01@P@OBSSI Ng
the SAR i mages within said one or nore groups, wherein said processing
conprises: 1)for each given pixel wthi 6t_he common area of interest,
calculating a 30 likelihood of discrepancy between respective pixels of
the SAR i es sai d ong ot re grqups,, thus giving _rise to |Ijkelihood
of discrepdficy g‘f‘i’ﬁrsaé‘te@r 14 Flagn & hgreiR faid; rgpessofyg configured to perform an
2011/ 07399QRkHcd iR O t0tlast o3& Ieast lohe 98 840 HirAtydf dehlifld HRREs Bhring

di screpancy matrix" conprising the |ikelihood of discrepancy val ues,

char act er i zengyati¢neof anleshatpsddmage. di scr epancy for each pixel within the
common area of interest; iii) for each of said one or nore
groups, generating an enhanced SAR 5image while utilizing said likelihood
of discrepascy makrsyitemdf.cldi® I8eiwheftinbai€ pricBisdbis dnihied tb fFeduds Boid®iE t han
one enhanced inmage I's generated the method further conprises: (a) grouping

sai d enhan@bdeasprng phgaisl phraitywé asquingst émeges upsing 1gmieYation o edis PRIEDESE  SAR
i mages mﬁt@ﬁﬁ gajd one or nore groups, wherein said processing conprises:
1)for each gl%én pi xel within the conmon area of interest, calculating a
| i kel i hood of discrepancy between respective pixels of the SAR i nages of

sai d one or_ nore_groups, .thus %lving_rise to |ikelihood of
26.  The system of claim I8, wherein said processing parameters include at least one

10 of the following:
| (a) anindication of a selected image to be enhanced;
(b) atarget size parameter, representing the size of an object of interest;
(¢) a pixel size parameter, representing the size of an area covered by a single

pixel in an image.

15
27.  The system of claim 18, wherein said processor is configured to perform at least
the following steps during said generation of a likelihood of discrepancy matrix:
(a) compute one or more characteristics for each of said respective pixels of the
images of said one or more groups, thus giving rise to computed
20 characteristics; and
(b) process said computed characteristics to obtain normalized differences
values amongst each of said respective pixels of the images of said one or
more groups, constituting the likelihood of discrepancy matrix respective of
the one or more characteristics of each of said respective pixels of the
25 images of said one or more groups.
28.  The system of claim 27, wherein said characteristics include at least one of the
following:
(a) local targetness calculations;
30 (b) local texture calculation;

(¢) local entropy calculations.



15di screpancy val ues characterizing said given pixel; ii) generating a

"lI'i kel i hood of discrepancy matrix" conprising the |ikelihood of discrepancy
val ues, owenrattesdri ng the |ikelihood of discrepancy forceactvipbodetr wit hin
the common area of interest; iii) for each of said one or nore
groups, generating an enhanced SAR 20i ngge while utilizing said |ikelihood
of discrepancy matrix (c) repeating steps (a) and (b) until a single
enhanced SAR i e is created. _38. The nmet hod of cl|aim.36, wherein in case
any of sai &§grgﬁg§ ¥R Ytdaifot® Whegrin said; pigoessey lﬁﬁag}é@}m@a@ aerg%rﬁéog@i ng a
“likeli hOO@eﬁﬁre@hl%&l%ﬁB@ﬂF%écHﬂtaﬁéé%tﬁ or that group 25 conprises: (a)
generating a likelihood of discrepancy matrix for at |east one possible
couple within e, gF oup; (b) calculating an average |ikelihood of

di screpancy®mal i x “¢orresponding to all Iikelihood of discrepancy matrices
generated for said a ” i 30couple in the group. WO

2011/ 073990PCT/ 1L2010A0 & -40 - the_group, wherein the weights of the
respecti ve pi% e &) agjed ¢b(* T he&itrr espective values within the

li kel i hood of di scrap#ncysimtrix.  40. The method of claim 39, further
conpri sing seleq&%ﬁg.a SAR i mage to be 5 enhanced, wherein the pixel
correspoﬂding to "sel ected SAR image is provided with additional weight
in the wei ghted gomlimat| R RP R SoB&1dbetator idd s iffAsEr epancy
val ue. 41. Thefrretllu;(;% g%rb(ﬁi m 318 gmh%greg?)ntaggliléddtgyn*eér]ﬁ?%ggﬁ gﬁég;eﬁhanced
SAR i mage 10 conrpatidgesiandior thei aggtralimexe ofia depst tegturgslidiegwindome of sai d

I i f i red. SAR. . .42 Th | ai 6. wh A id
Dt ho” ORISR FREE B Mo PR o 151l i YRS o2
of said pluralityn®il piggw yed SAR i mages.

10 w is the local texture sliding window's width and height.

30. The system of claim 29, wherein said processor is configured to obtain
normalized differences in accordance with

_|_2XTEM,xTEM, , o .
(TEM,, +TEM,,)" ™

15 wherein:
TEM, is the local texture obtained for Image, amongst respective group;
TEM, is the local texture obtained for Image, amongst said respective group;
TEM,, is (TEM,)*; and
TEM;y is (TEM;).
20
31.  The system of claim 28, wherein said local targetness calculation is computed in

accordance with
[1s,
— J=1 .
H G f + H 5 j
j=1 Jj=1

wherein:

T

25 n is the number of pixels forming a targetness sliding window;

G; is the G value computed for a pixel j in accordance with:

G =1-exp(- f/kx p,,)



15 43. The nmet hod of claim 36, wherein said processing paraneters include at

| east one of the follow ng: (a) an indication of a selected SAR
i mage to weenhaswed; (b) a target size paraneter, represeniiongodloy si ze of
an object of interest; (c) a pixel size paraneter, representing

the size of an area covered by a single;g0pixel in a SAR inage. 44.The

nmet hod of claim 36, wherein said genera%lng a |likelihood of discrepancy

mat ri x includes: &a) conmputing one or nore characteristics for each of
sai d respective BSf8s of 25the SAR i nages of said one or rmore groups, thus

giving rise to ¢ uted characterjstics; and (b) processing said conputed
characteristics ?ggpﬁﬁ?ﬁﬁﬁﬁﬁGKWHg#ﬂrféed di fferences val ues anongst each of
sai d respective Bixel eﬁggzhe SAR i mages of said one or nore groups

, e nuEarelection of piyekt ini ap exianded npighbashogdhel one

constituting the TiKell
or nore charactefk hkps of each of said respective pixels of the SAR i mages
of said one or nore groups. -41- 45. The nethod of claim 44, wherein said
charactesi stics kaodstastt | east one of the following: (a) |ocal targetness
cal cul ations; (b) local texture calculation; 5(c) |ocal entropy

cal cul ati ons. 46. The nethod of claim45, wherein said |ocal texture

cal cul ationpi s q@EPyisReh IdF claim 31, wherein said processor is configured to obtain
normalized differences in accordance with
Tag =T, x(-T,)+T,x(1-T,)
10 wherein

T, and T, stand for T of corresponding pixels in Image, and Image,, respectively.

33.  The system of claim 18 wherein said group comprises two images.

15 34. The system of claim 18, wherein said images are SAR (Synthetic Aperture

Radar) images.

35. The system of claim 18, wherein said plurality of acquired images originate

- from more than one platform.

20
36. A method for computerized generation of an enhanced SAR (Synthetic Aperture
Radar) image based on a plurality of acquired SAR images, the method comprising:
(a) receiving a plurality of acquired SAR images, each comprising a common
area of interest;
25 (b) receiving processing parameters;
(¢) grouping said plurality of acquired SAR images into one or more groups;
(d) processing the SAR images within said one or more groups, wherein said
processing comprises:
i)  for each given pixel within the common area of interest, calculating a
30 likelihood of discrepancy between respective pixels of the SAR

images of said one or more groups, thus giving rise to likelihood of

discrepancy characterizing said given pixel;



accordance with = Vix2 +4,2 10 TEM X, y)=z Ei g2(x+i,y+J) \w Wherein: fx
andfyare the output of a Sobel operator applied to pixels in each SAR

i mage; x woadoy/esmnd for the central pixel of a |ocal textrarmiebildiing

wi ndow; i and j identify pixel displacenent around the | ocal texture
sliding window s 15central pixel x, vy; is the local texture sliding

wi ndow s width and height. 47.The net hod of claim 46, wherein obtaining
normal i zed di fferences is done in_accordance with 20 R=1 2, XTEMaxTEMb\ *Cl R
<1 (TEM. +TEM bb 9 weehesting nefbkeliboodeof] dissreppasyt unarisht IMEWinEothe magea

Amonget Sai d respecti vaRarban: o RIRERHS Fakhy SHERPOLE IR i Qinap0E,

-42 - nG discrepancy for each pixel within the common area of interest;

iii) for each of said one or more groups, generating an enhanced SAR

5 image while utilizing said likelihood of discrepancy matrix.

37. The method of claim 36, wherein in case more than one enhanced image is
generated the method further comprises:
(a) grouping said enhanced SAR images into one or more groups;
10 (b) processing the SAR images within said one or more groups, wherein said
processing comprises:

i)  for each given pixel within the common area of interest, calculating a
likelihood of discrepancy between respective pixels of the SAR
images of said one or more groups, thus giving rise to likelihood of

15 discrepancy values characterizing said given pixel;

i) generating a "likelihood of discrepancy matrix" comprising the
likelihood of discrepancy values, characterizing the likelihood of
discrepancy for each pixel within the common area of interest;

ili) for each of said one or more groups, generating an enhanced SAR

20 image while utilizing said likelihood of discrepancy matrix

(c¢) repeating steps (a) and (b) until a single enhanced SAR image is created.

38.  The method of claim 36, wherein in case any of said groups consists more than
two SAR images, said generating a "likelihood of discrepancy matrix" for that group
25 comprises:
(a) generating a likelihood of discrepancy matrix for at least one possible
couple within the group;
(b) calculating an average likelihood of discrepancy matrix corresponding to all
likelihood of discrepancy matrices generated for said at least one possible

30 couple in the group.

39.  The method of claim 36, wherein each pixel in said enhanced SAR image is

calculated as a weighted combination between respective pixels of the SAR images in



T= 1=1 n nG +nG i=1J=1 wherein: n is the nunber of pixels formng a
targetness sliding wndow, G; is the G value conputed for a pixel j in
accordancwowtin73®e = 1 - exp(- flk x ditioc) wherein: PCrTapreeernds
reflection of a pixel; Ploc = nean(f), the nean reflection of pixels in an
ext ended nei ghbor hood of the pixel; 10k,4s a constant. 49. The nethod of
claim48, wherein obtaining nornmalized differences is done in accordance
with Tog- = x -- 70+ Th x wherein_15 Ta and Th stand for. T qf. corresponding
pixel s I IHgoHPaNRerFIRe Breighis Bei‘ﬁ rpgegtive RS A feirapaeiG,
wher ei n saivlug§ QtRinGRERKLIIRSd bRisSRFaraaRx. 51. The nethod of claim
36, wherein said plurality of acquired”SAR i mages 20 originate fromnore
than one platform 52. A system capabl e of generating an enhanced SAR

nt hetic erture dar). i,ma b on a plural,ity of ui red SAR
i(ﬁyages, thé‘ﬁ\gyst I@%ﬁﬁ&i()ge a’égé?o Or “OErHE tsleé?‘iyx‘@o?\r@g@éﬁ‘ag% taﬁbq nmage
i nput bl §cknidided WHedSif 36d pitelP; iy fontRel belbdt@r B ARZRRAE Gs proRiRd Wikt

bl ock is configured to receive a plurality of acquired SAR i nages, each
conpr i si ng 28digienstoweighedn othej weightest combination proportional to the likelihood of

discrepancy value.

41. The method of claim 36, wherein said generating an enhanced SAR image
10 comprises improving the contrast of at least one of said plurality of acquired SAR

images.

42.  The method of claim 36, wherein said generating an enhanced SAR image

comprises reducing noise in at least one of said plurality of acquired SAR images.

15 43.  The method of claim 36, wherein said processing parameters include at least one
of the following:
(a) anindication of a selected SAR image to be enhanced;
(b) atarget size parameter, representing the size of an object of interest;
(c) a pixel size parameter, representing the size of an area covered by a single

20 pixel in a SAR image.

44.  The method of claim 36, wherein said generating a likelihood of discrepancy
matrix includes:

(a) computing one or more characteristics for each of said respective pixels of

25 the SAR images of said one or more groups, thus giving rise to computed
characteristics; and

(b) processing said computed characteristics for obtaining normalized

differences values amongst each of said respective pixels of the SAR

images of said one or more groups, constituting the likelihood of

30 discrepancy matrix respective of the one or more characteristics of each of

said respective pixels of the SAR images of said one or more groups.



sai d processing paraneters input block is configured to receive processing
paraneters; -43 - sai d processor is configured to group said

pl uralitywof20megsdoned SAR i nages into one or nore group®cantope/oness the
SAR i mages within said one or nore groups, including at |east the
following: 1)for each given pixel wthip,the coomon area of interest,
calculate a 5 likelihood of discrepancy between respective pixels of the
SAR i mages of said on r nmore groups, thus giving rise to |ikelihgod of

di scr epancyPval Jlé*ks Ieﬁg?ﬁef ey Ahgwhcrein sgid eharastsrishics Welvde at ksast oneiafdhs hood
of discrepgggywizet ri x* conprising the likelihood of discrepancy val ues,
characterizing the |ikelihood of 10di screpancy for each pixel within the
common area of (ant docabtargetnesy cdlaratemsh of sai d one or nore groups, generate

an enhanced SAR | e whjle utilizing said |ikelihood of discrepancy
matrix. 53.Theﬁbigﬁgﬁ48¥h%?§#ﬂ#§§P°wherein in case nore than one enhanced

SAR i mage is lgcpensapémrbpyRalchlagegssor is further configured to perform at
| east the following: (a) gfoup said enhanced SAR i mages into one or nore
groups; (b) process the SAR images within said one or nore groups,

i ncl udi ng | east, t | owi ng: . 1) for.each given.pixel wthin the
common are Z‘kbf intere s?‘? 8%: 3@% qut gvhgremz fleﬁl il%cg} ?%@88 QSIF“@P@% ?Se‘boé%%‘ﬁ}e% &t ween
respecti ve apéor@arce ®ith he SAR i mages of said one or nore groups, thus giving
rise to likelihood of discrepancy val ues characterizing said given pixel;
ii) generate a /7%kePihood of discrepancy matrix" conprising the Iikelihood
of di screpaficy'val u€s, characterizing the |ikelihood of 25di screpancy for
each pixel within th rnterest; iii) for each of said one or

nore grqup nexat e la eed SAR image while utilizing said |likelihood
of discﬁgpzqggﬁﬁﬁQFi /ge *&¥dpd (a) and (b) until a single enhanced
SAR image is create

Wherein:

Jx and f; are the output of a Sobel operator applied to pixels in each SAR image;
x and y stand for the central pixel of a local texture sliding window;
i and j identify pixel displacement around the local texture sliding window's
15 central pixel x, y;
w is the local texture sliding window's width and height.

47.  The method of claim 46, wherein obtaining normalized differences is done in
accordance with

_{_2xTEM,xTEM, 0<R<l
(TEM,, + TEM,,)

20 R

wherein:
TEM, is the local texture obtained for Image, amongst respective group;
TEM, is the local texture obtained for Image, amongst said respective group;
TEM,, is (TEM,)*; and

25 TEMy, is (TEMy).

48.  The method of claim 45, wherein said local targetness calculation is computed in

accordance with



-44 - 55.The system of claim 52, wherein in case any of said groups
consists nore than two i mages, said generate a "likelihood of discrepancy
mat ri x" fwo 20h@73gooup conpri ses: (a) generat e aPCTHEtO16Y0Dd710f

di screpancy matrix for at |east one possible couple 5Swithin the group; (b)
calculate an average |ikelihood of discypepancy matrix corresponding to al

| i kel i hood of discrepancy matrices generated for said at | east one possible
couple in the group. 10 56. The system of claim52, wherein each pixel in
sai d enhanced SATﬁg?age is calculated as a wei ghted conbi nati on between
respective ixelj=1 7 the SAR images in the group, wherein the weights of

t he respectlivespixet;s ate defined by their respective values within the

| i kel i hood ofIﬂk%erP}&ncy matri x. 15 57. The system of claim56, wherein
sai d processorj=i s fuither configured to receive a selection of a SAR i nage
to be enhanced, and wherein the pixel corresponding to the sel ected SAR

i mage is provi deMSiFiBh additional wei ght in the wei ghted combination

58. The systen1qjBg%@@ﬁhggbfp?ggﬁ%g?ﬁgkv Eﬁﬁgﬁﬁaﬁl‘%§g| figured to perform

an 20 enhancenent e con ast one “plurality of
acqui red SAR i ne@esthedur valge gemputad fara mpfelgim accbadzaediwBAR | nage. 59. The
system of claim 52, whergin, said,processing paraneters include at |east one
of the fdllow ng¥ ?5(&¥P_dfhﬁW@£tion of a selected SAR i nage to be
enhanced; (b) a target size paraneter, representing the size of an object
of interest; (cf“%“%?kel si ze paraneter, representing the size of an area
covered by a single pixel in a SARi.mage. -45 - (a) conpute one or nore
characteristics ?o‘Fp sefs wfleetignPtaixdet i ve pixel s of the SAR immges of
said one or nore groqggméy@us giving rise to conputed characteristics; and
(b) process sai d Fomplut et dnthe meanmefiaction of pixshstiaian extanded neighbatheddefonces
5 val ues annngghesﬁgp of said respective pixels of the SAR i nages of said
one or nore groups, constituting the likelihood of discrepancy matri x
respectiive of theisaenstantiore characteri stics of each of said respective
pi xel s of the SAR i mages of said one or pore groups. . . .

49.  The method of claim 48, wherein obtaining normalized differences is done in

accordance with
Ty =T,x(-T,)+ T, x(1-T,)
wherein

15 T, and 7, stand for T of corresponding pixels in Image, and Image;, respectively.

50.  The method of claim 36, wherein said group comprises two SAR images.

51. The method of claim 36, wherein said plurality of acquired SAR images

20 originate from more than one platform.

52. A system capable of generating an enhanced SAR (Synthetic Aperture Radar)

image based on a plurality of acquired SAR images, the system comprises a processor

operatively connected to an image input block and a processing parameters input block;

25 said image input block is configured to receive a plurality of acquired SAR
images, each comprising a common area of interest;

said processing parameters input block is configured to receive processing

parameters;



10 61. The system of claim60, wherein said characteristics include at |east
one of the following: (a) local targetness calculations; (b) |ocal texture
cal cul at iwo;20(10)73990cal entropy cal cul ations. 15 62. Thecsgsoemab7icl ai m
61, wherein said processor is configured to performlocal texture

cal cul ation in accordance with Ig = Vixg + fy2 \ TEMx, p=Ei g20,i,y+A W
20Wherei n: andfy are the output of a Sobel operator applied to pixels in

each SAR i mage; and stand _for .the centry t exture
STi di ng wi ndow; SHARFRFEHSOF ienfigyegt goua.seﬁpé licat agﬂw{ﬁ#fgﬁém%%saemo
texture sliging ﬂ%r@g%} ) &%bf&lesspﬂféeéAR im¥aged Witlin SailiNéhe! GC &Hord %}‘](5
sliding window s w dth ‘and hei ght. . The"system of claim 62, ein
sai d proceswbudingatdenst thgfoldeiving: obt al n normal i zed differences in accordance
with 2 x TEMa x TE%b for each given pixel within the common area of interest, calculate a
5 likelihood of discrepancy between respective pixels of the SAR
images of said one or more groups, thus giving rise to likelihood of
discrepancy values characterizing said given pixel;
i) generate a "likelihood of discrepancy matrix" comprising the
likelihood of discrepancy values, characterizing the likelihood of
10 discrepancy for each pixel within the common area of interest;
iil) for each of said one or more groups, generate an enhanced SAR image

while utilizing said likelihood of discrepancy matrix.

53.  The system of claim 52, wherein in case more than one enhanced SAR image is
15 generated the processor is further configured to perform at least the following:
(a) group said enhanced SAR images into one or more groups;
(b) process the SAR images within said one or more groups, including at least
the following:
i)  for each given pixel within the common area of interest, calculate a
20 likelihood of discrepancy between respective pixels of the SAR
images of said one or more groups, thus giving rise to likelihood of
discrepancy values characterizing said given pixel;
i) generate a "likelihood of discrepancy matrix" comprising the
likelihood of discrepancy values, characterizing the likelihood of
25 discrepancy for each pixel within the common area of interest;
iii) for each of said one or more groups, generate an enhanced SAR image
while utilizing said likelihood of discrepancy matrix;

(c) repeat steps (a) and (b) until a single enhanced SAR image is created.

30 S54.  The system of claim 52, further comprising a display wherein said processor is

further configured to display said enhanced SAR image on said display.



R=1,;0R<1 (TEMaa +TEM bb) -46 - TEMa is the |ocal texture obtained

for I nmagea anongst respective group; TEMb is the | ocal texture obtained for

| mage b aworgsito73®bd respective group; TEMaa is ( TEMA) 2pcanthotéMab7ii s

(TEAV02. 5 64. Systemof claim6l, wherein said |ocal targetness

calculation is conputed in accordance hnG T=i1=1 fIG+nG j=iJ.1

wherein: 10n is the nunber of pixels formng a targetness sliding w ndow, G
in accordance wth: G =1-

t BE) Cabor o551 k’lé,%‘y’%éérn@cl"' ¥ Bcbhsgtingr caseAnY At SaldearAYRs) CotsishantrE
Lg‘;'s te;;'t ONtRb Mhates Ssdil Slhefd &N OGHeINRIANBL H1QPDaREy LHANR! Xk thit Igfondd
comprises:
(a) generate a likelihood of discrepancy matrix for at least one possible couple
5 within the group;
(b) calculate an average likelihood of discrepancy matrix corresponding to all
likelihood of discrepancy matrices generated for said at least one possible

couple in the group.

10 56. The system of claim 52, wherein each pixel in said enhanced SAR image is
calculated as a weighted combination between respective pixels of the SAR images in
the group, wherein the weights of the respective pixels are defined by their respective

values within the likelihood of discrepancy matrix.

15 57.  The system of claim 56, wherein said processor is further configured to receive a
selection of a SAR image to be enhanced, and wherein the pixel corresponding to the

selected SAR image is provided with additional weight in the weighted combination.

58.  The system of claim 52, wherein said processor is configured to perform an
20 enhancement of the contrast of at least one of said plurality of acquired SAR images

during generation of an enhanced SAR image.

59.  The system of claim 52, wherein said processing parameters include at least one
of the following:
25 (a) anindication of a selected SAR image to be enhanced;
(b) atarget size parameter, representing the size of an object of interest;
(¢) a pixel size parameter, representing the size of an area covered by a single

pixel in a SAR image.

30 60.  The system of claim 52, wherein said processor is configured to perform at least

the following steps during said generation of a likelihood of discrepancy matrix:



65. The system of claim 64, wherein said processor is configured to obtain
20 normalized differences in accordance with Tao. = 7:, x -X - wherein Ta
and Th stwoaofiar73sboof correspondi ng pi xels in | nagea an@Cirmamao/1071
respectively. 25 66. The system of claim52, wherein said group conprises
two SAR i mages. WO 2011/ 073990PCT/ 1L20490/ 001071 -47 - 68. A nethod for
conputeri zed detection of objects in SAR (Synthetic Aperture Radar) imges,
t he nethod conprising: (a) receiving a SAR jmage; (b) receiving prqcessing
paraneters; 5( nﬁ?rgrﬁ?tfg PP gT Mete FRragiarisaes 5?3@4&%@1& ety PRAS 91 816 di ng
wi ndow, (d) operat SR& fnidek HroLRf BRE tor ME1eAERNpL thed el lth Z@chpufddur n
val ues, thereby strengt heg%i ng F?i gh reotrurnev Iug,s’ andlgmélg%gﬁ?ng |O\EEJI’ eturn
val ues, sai d nor nathazederisticsjrandval ues characterize the |ikelihood of

exi stence of ohjects. 10 69. A c uter pr.ogram c rising.c er program
code neans for E)t%?er POFRSnE Iclonmll‘gergsotch?f ct ?St%Faﬁ_onf%g%né‘ﬂngafzﬁgﬁg%?eﬁ Sis run
on a conputer.  ValuePar ORI ERh ¢ 8d A¥pERIVE! beRGOCASBARE imidel Wramdc ode
means for performng 15 all the steps of Caim36 when said programis run

on a conputer. 71.0W @snporceeroypsgeenstibwingr thsi likelibood nfedisgrepancs nmaioe
means for perform ag,alie teme RS0 nod hiadRitiE b & 998 FpkSiven On

a conputer.
pixels of the SAR images of said one or more groups.

10 61.  The system of claim 60, wherein said characteristics include at least one of the
following:
(a) local targetness calculations;
(b) local texture calculation;
(c¢) local entropy calculations.
15
62.  The system of claim 61, wherein said processor is configured to perform local

texture calculation in accordance with

L=\ fi+1)
1 B N
TEM(x,y)= |— > DI (x+i,y+))

W ==,
20 Wherein:

Jfx and f; are the output of a Sobel operator applied to pixels in each SAR image;
x and y stand for the central pixel of a local texture sliding window;

i and j identify pixel displacement around the local texture sliding window's
central pixel x, y;

25 w is the local texture sliding window's width and height.

63. The system of claim 62, wherein said processor is configured to obtain
normalized differences in accordance with

2xTEM, xTEM, o _ p 1

R = 1 - >
(TEM , + TEM,,)

30 wherein:
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TEM, is the local texture obtained for Image, amongst respective group;
TEM, is the local texture obtained for Image, amongst said respective group;
TEM,, is (TEM,)*; and

TEMpy, is (TEM).

64. System of claim 61, wherein said local targetness calculation is computed in

accordance with
[1¢;
— Jj=1 .
HG i + Ha j
j=1 J=1

wherein:

T

10 n is the number of pixels forming a targetness sliding window;

G; is the G value computed for a pixel j in accordance with:
G =1-expl(~ f/kx )
wherein:
/ represents reflection of a pixel;
15 Hioe = mean(f ), the mean reflection of pixels in an extended neighborhood of
the pixel;

k is a constant.

65. The system of claim 64, wherein said processor is configured to obtain
20 normalized differences in accordance with
Ly =T.x(Q-T)+T,x(-T,)
wherein

T, and 7, stand for T of corresponding pixels in Image, and Images, respectively.

25 66.  The system of claim 52, wherein said group comprises two SAR images.

67. The system of claim 52, wherein said plurality of acquired SAR images

originate from more than one platform.
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68. A method for computerized detection of objects in SAR (Synthetic Aperture

Radar) images, the method comprising:

(@
(b)
5 (c)
d

10

receiving a SAR image;

receiving processing parameters;

normalizing return values for each pixel within a sliding window;

operating a reinforcement operator on said normalized return values,
thereby strengthening high return values and weakening low return values,
said normalized return values characterize the likelihood of existence of

objects.

69. A computer program comprising computer program code means for performing

all the steps of Claim 1 when said program is run on a computer.

70. A computer program comprising computer program code means for performing

15 all the steps of Claim 36 when said program is run on a computer.

71. A computer program comprising computer program code means for performing

all the steps of Claim 69 when said program is run on a computer.



