METHOD AND SYSTEM FOR ENHANCING AN IMAGE CROSS-REFERENCES TO RELATED*®
APPLICATIONS This application relates to and claims priority from Israel Patent Application No.
IL202788 filed on December 17, 2009 and incorporated herein by reference in its entirety. FIELD OF
THE INVENTISAROLO7IRE invention relates to image processing. More spetital it felates to to
generating enhanced imagery based on a plurality of acquired images. BACKGROUND OF THE
INVENTION It is presently common to use images of a scene for monitoring thereof, including,
inter alia, usage of SAR (Synthetic Aperture Radar) images for that purpose. Computerized processing
of such images involves image processing. 15Those versed in the art of image processing are familiar

with the requirement to registeyiCHODARDBYSIEM F o ENANECINE WIOWVIAGRniques 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), presenting several such methods.
20However, it SEIREISSREEPNRENCES DORBLIAGEINARREISIATEIONM occlusion, poor contrast etc.,

which disturbgnterpretagon, 8, Riges IR W Aeia Iee, IaRiR ek BIAL ARSI ARRAING of -
such cases is presently done'in the art. Quality assessment of images is dealt with, for example, in
the article "Imagl-2033k8y filedeenilesenthsim Hn-00iapdidpeornerated bardimbyrisferenee ddSactions
on 25 image pro&gﬁg{yg, Vol 13, No 4, April 2004), by Wang et at, 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 onKEEbEC@RGSHL INGENEEENsing, Vol. 29, No 4, July 1991), suggesting techniques

for multilook processing, 30.These tec né'qsu%s are based on .txtle fﬂgggtisogcg l(I:(E)lﬁks lx{vitrg gtiégertgnt
bandwidths. The -2 - ffﬁ‘éeél 78 fEvie oy 6?\%% RECR 00K a prope? Size and welg]htlng and by
adding, themiincaérenatitly enhadnedHapigerd ek edain bpbkalipohateuiradiorzdsinda Shapiro and George
Stockman teach a method for filtering and enhancing images. 5Image processing and enhancement of

images require different techniques
BACKGROUND OF THE INVENTION

It is presently common to use images of a scene for monitoring thereof,
including, inter alia, usage of SAR (Synthetic Aperture Radar) images for that purpose.
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 Zitovd 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 Bandling 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



sometimes taken from other fields of technology. For example, in the field of decision making full -
reinforcement operators and reinforcement learning are known algorithms that combine fuzzy logic
and reinforcement learning. SUMMARY OF THE INVENTION 10In accordance with certain aspects of
presently discBH gfu‘f)’ﬁgg matter, there is provided a method for computerf)z%%%?]lé)é% 18 of an
enhanced image based on a plurality of acquired images. By way of non-limiting example, the images
can be acquired with the help of Synthetic Aperture Radiar (SAR). The plurality of acquired images can
originate from one or more sources g;.g._the iImages can be acquired by one 15 or mgre SAX systems
during one or m&RabERRFSD ARTREd DY $iving %&HSB%EIWBB%%‘W&‘PPZE@W&& Midrhygddingcquired
images, each cofffisteghzreatyinon area of interest; (b) receiving processing parameters; (c)
grouping said plurality of agquirecimages o gneap more, 9joups: (9 piocessing the,pages within
said one or more groups, W Br&in’s3id processing COFYlpF)rISGS.ITS or’each given plxefn\}wthln {15
common area ofSteekmen Rachbadcntthindyfor [fieditmpehdfedlsmrapanmggestween respective pixels of the
images of saigl one or m&gm&%%gm%&%&%%%gg@é Cl'é&&ﬁiea&%%@;%e%ﬁ%%@&}e“z'“g

said given pixel; ii) generating a "likelifood of discrepancy matrix' comprising the likelihood of

discrepancy valsemetiaesHaksatEamyherclinldsiod serbralpgrelemesarapleaththedeiditidesigtbmmon
area of interest; Mfﬁﬁh@m&%ﬁt%p@m&gaﬁawﬁ&mﬁmwkﬁsw unpaernmbile

utilizing said likeljihood of discrepancy matrix. Generating an enhanced image can comprise improving
the contrast of at&RBHBe LAY 955 ARt FSLTSEReRt 1¥#B1S: reducing noise in at least one of said
plurality of acquired images, and/or improving other values characterizing quality of respective
image(s) and/org{;MmlemmmN\No 2011/073990PCT/11.2010/001071 - 3 -
respective pixels are defined by their respective values within the likelihood of discrepancy matrix.

In case when more than one enhanced image is generated the method can further comprise:, (a)
grouping sait’enhanceliAtaeidanrr e SRaorePEF TP Iy disdpsg bsbie rhagHETWHFTR ISaid one
Or more groups, WwhaRM §akkiNOr 651 benGRRERIMP EeaerdtioN SXCin JdvbanebE imiginbiiedomemon area
of interest, calculitin a likelihoqd q)f.discrepg?fccﬁ'be en rg}sgpgctive glié@ls otLghe imasges ofbsaid one
or more groups, ¥ e iRy TS NRBES S d 3&%66&0&' ftiés & Férlzmgms‘%%a g‘l’\‘%n Bixel; 1))
generating a "likettpacs ofiths tre palpcyfnSatriké oo Apeising RadarkelihBpdlbe I wbasephacyiradles,
characterizing the likeli f.disc far h.pi ithi | : Jii) for
each of said ongﬁgré%%%)%&%gﬁ%%% gﬁ@e%&t%g%ﬁ%%hﬁ%%ﬁ%%&é%ﬁ?%ﬂ %Qn%%%ﬁﬁ%?ﬁfo%& of

discrepancy ¥hatpian@y iRt meeprias) envdonerstpaieisgé ttnpaneddiibsapethodeompidses:  The

method can furthgy ceEHsS iﬁi?aﬁﬁ?%P&J{B?&?iﬂi’a@@s?éﬁ&ﬁ%%hwﬁ%@%&Eq@?g?éé%ﬁﬁfé&%eonding
to the selected image is provided with additional weight in the weighted combination proportional to the
likelihood of disc@é)p%ﬁ%‘y%l geocessing parameters; () grouping said plurality of acquired images into

one or more groups; (d) processing the images within said one or more groups, wherein

said processing comprises: i) for each given pixel within the common area of interest,
20 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; 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



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 ¥V9E4&&HIMages can originate from one or more sources (et MUY Lan be
acquired by one or more SAR systems during one or more periods of time, etc.). The system
comprises a processor operatively connected to an imdge 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 aTE&RFFHYH aixelsoprsteleineth oy s dppestirameiien prithib dkesidesiibgore 8o
receive processiigcRpMREMEIxaNd 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: 1) fo[ér_geach iven pixel within the common area of im;(ecrletité calt%uldalte afﬂﬁﬁlihood of
discrepancy between r f)aé&l e‘},é“ﬁf)?e JORG |m%r(;l:jcee SPEF T8 B Fore ér%%ugs,cﬁ%lus g|\9|rng rise to
likelihood of discrepprisy (@) gesphay asié kpimpsaidgages ipheedns) generatgreutiskéihosgobing] -
discrepancy Malf i £QpeUsAG %&ﬁi'%ﬂ%"HP&%I%‘CQW?,R&@?Xiﬂ@é&ﬂ&_?r@@%ﬁﬁ%@ﬁt%%%@% fiselinood
of discrepancy for eaclt pixel within the commorarea of interest; iii) for each of said one or more
groups, generatéaﬁh @,i,\mngg@imggq,\,me CRIMIIAY SE5d 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; ii)
generating a '"likelihood of discrepancy matrix" comprising the likelihood of

10 discrepancy values, characterizing the likelihood of discrepancy for each pixel within
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 iinages 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; thg processing parameter input block is
configured to receive processing parameters; and the processor is configured to group
said plurality of acquired images into one or more groups and processk 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



likelinood of discrepancy matrix. The system can further comprise a display wherein 5 said processor
can be further configured to display said enhanced image on said display. In case when more than

one enhanced,®3g8 is-gsperated, the processor can be further configured ge-periippaioaast the
following: (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: i) 129[ each given pixel within the common area of
to interest, calculate a likelihood of discrepancy between respective pixels of the images of said one or
more groups, th iving.j ikeli .of di I izl if.given:pixel; i)
onerate a ke e or T L
characterizing ttibeliidetilorsd of éﬁemﬁzf%pmwé{iﬁmmﬁ%@w&%ﬂt@teﬁﬁé}@s@ﬁii) for

each of said ong.4:p rregite &K@t&sm%@%%at%@,ng@ﬁ@}a@c% ERRGR MNiRp vt Saitikglibaad of
discrepancy matrix; ic) repeat steps (a) and (b) until a single enhanced image is ¢reated. In

accordance withKHiHapd G SFCTEPHCY Bt s 18 S RieherhitH Ry 5 P8 Yo B 2y YR SR al/or
method, in casesaidypaddba@reupsefansisteomarddan divplinagdenhenaibingza clikalihdiglef.
discrepancy matrix" for that group can comprise: (a) 20 generating a likelihood of discrepancy matrix
for at least one possiblﬁ_lcou le, within th %oo%;e(lm a%%!: lating an avera %eliho%sgrf ge'{gcggpancy

matrix corresponding to aifh é’Tll?%olEOc)rF ISCrepancy matri%:rggggelﬁgr%}eea of s§i8‘§f east one possible

couple in the grduphé axmfiguetdntthpesionanaeltdsh s fodlowingale) igteup 2id wadighred worgesination
25 between resq%ti%ﬁéoi&eﬁ@et%o%@ﬁﬁ)]i?rﬂ?:‘ésgrﬁiéoi LR ihe WalBYR0btNAJRSRAAIpE Pixels

are defined by their respective values wit he likelihood o discr?_é)ancy matrix. In accordance with

further aspects éhdistingset! lsawjdhe follearingirrdomradh phorndeiacdywithin dhe /e rmendygcingl

processing Qarapeless cABUREUIRKaLIRAAI B HeBhiyepipiRviNes ke PiirpdiDhdintaselagted
image to be enhanced; (b) a target size WO 2011 D?399OPCT%§&O 001071 -5 - parag}e;ter,
representing the’&deWeaRTo RO F1HB e MY ) Vit S eBa 1 Ebr ESERTRIY Hhe ‘@2E%f an

area covered bycaassiegiizmge lsuidaiveagsixel; li)agassgence Wiklifhothirofisgisctepaficlisetated subject
matter with regard to provided and/er ;method, generating,a likelingod af discr y patrix
can 5 include: (asoglc})n[?%lﬂﬁng’%r?é? éﬁ?ﬁg(r{; %ﬁé%%rt?r?&bl s¥(§ru8%ic%ho ascg?g ?ggpgé%v%%?xﬁe%g&ofot e
images of said oliscrapanosefgr sags pikelswithinghiseotorsomayeacef dhiarestiankfoscanhd{ipistosessing
said computesl fipstenalliiplor ahiaiinal uinaleer fllgenaen vakiespmongkragioal i
respective pixels of the images of'said one or more gro(%s)s, constituting the'likelihood of discrepancy
matrix respectivaigfraRansyaTeiinofe) 1eperaapténstnd & sathaoragricnbepeediinagsissrtet images
of said one-or more groups. The characteristics include at least one of the following: (a) local

targetness calculationsiy(kéesdldexinit Faletatiopede) dpeatabieapsubRiauUInERESwith regard to
provided system and/or method, in case any of the groups consists more than two

images, generating a "likelihood of discrépahcy matrix" for that group can comprise: (a)

20 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 couple in the

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 computed in accordance with 15= ,VV7H-Fiy2 TEM (X, =(x+i,y+j) 2 =
wherein: fr and fy 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¥AINBWENntral pixel x, y; w is the local 20 texture sliding wWhdSRA W Bna height.
Obtaining normalized differences can be done in accordance with R.1 2 x TEMa x TEMb ,,0<1 .R
1TEM,a, +TEM bb) -6- wherein: TEMa is the local texture obtained for Imagea amongst respective
group; TEMbD is the local texture obtained for Imageb amongst said res ectiyefroup; TEM. is

(TEMa)2: and TEAVIBIStEr( FERTRESRLnG e st e ehIeeh Aloiesth A ShiItet 1 JEEBMF e with S

G representing the size of an area covered by a single pixel in an image.

In accordance 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 discrepanéy 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

15 Ig: "f;z -{-‘f;’z
TEM(x,y)=\/-—1—; f ﬁlgz(x+i,y+j)

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, .

R=1- :
(TEM,, + TEM,,)’

0<R<«1




T - n FIG./ +FIG, J-1 wherein: n is the number of pixels forming a targetness sliding window; Gi is the
G value computed for a pixel j in accordance with: G =1- exp(- f kx pme) wherein: 10 f represents

reflection of a\giéeihflwgég——gdnean(f), the mean reflection of pixels in an extenldggﬂ%gg} gigod of the
pixel; k is a constant. Obtaining normalized differences can be done in accordance with T de =T a x

-70+ T b X(1- T(,) wherein To and Th stand for targetness (T) of corresponding pixels in Images and
is Image b, respectively. BRIEF DESCRIPTION OF THE DRAWINGS  In order to understand the

invention and to see how.jit,ma }Be arried out in practice, embodiments will now be desctibed, by way
of non-limiting eigreﬁ%]l%vz#@?,;\}wt e g%ﬁ%xe 5 ﬂg)ég 51(%50%fplg”ﬁfﬁﬁ‘gaa}%%sﬁégﬁq%c%ﬁgf)%?gﬁg -
2011/073990P 0§ /tt. 1044)/0St0R] obtained feiyune2es amangsinglisl ofespSHiReingtRpP ad &4, is

corresponding Waﬁgmgmcgi@yggiiyaccordance with an embodiment of the invention; Figure 3
is a schematic example illustrating several temporal images of a scene; Figure 4 is a schematic

illustration of a composite image based on the images of 5 Figure 3, obtained in accordance with
embodiments of the ik9edigrgetness calculation can be computed in accordance with

116,
5 T J=l

HGJ' +H5j
Jj=1

Jel

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/kx )

wherein:

10/ represents reflection of a pixel; Ao = 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 T, 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 5 is an exemplary diagram illustrating integration while creating an enhanced image, in
accordance with an embodiment of the invention; Figure 6A is an exemplary diagram illustrating

integration while creating an enhanced image, in accordance with one emblgd,irme{g)tl(())/%huednvention;
10Figure 6B ¥QAUE73BMry diagram illustrating integration while creating A ¢hRahced image, in

accordance with another embodiment of the invention; Figure 7 is a schematic functional block
diagram illustrating the main modules in a system configured to detect discrepancies amongst two
images, in accordance with one embodiment of the invention; 15Figure 8 is a generalized flowchart

illustrating one embodiFigsrerdr ¥erriNHERN M MR Rristpge andmqpeesPrnding sehansed MAREhart

describing exemplaLy QRarationglRkaRAuNGisRiHeR ¥ 8diBReAteRrding to one alternative
embodiment of the invention; Figure 10 is a functional block diagram schematically illustrating

the exemplary 20 moduBigaefeias sehisntitic featmpdeciinstesitng rrydtdkbicapsoating gosthbasodiment;
Figure 11 illustrates determining local texture, according to one embodiment of the invention;
Figure 12 presents twdFiuee dtive sshematifoll nsigtdenatarprerii igeanbased eribedargstth a 3x3

sliding window ag60rdiG {0,018 AIABAHIMRR WHENGIBYEIGR SPhigkkRnkibis a functional block

diagram schematically fllustrating the local texture module, according to one embodiment of the

invention; and  Figurashfeisaigrapl-ibugpraindidigheritkiaatiop aftobjeiin(anbileecrcatiaggets)
compared to the back Eio.und. WO 20161/0739%9PCT/%(1)42010 09%}1%7i%vé§tfo¥P~ETAlLED DESCRIPTION
|

OF EM BODIME‘f@Jf’g1c Hage 18 SS\ﬂngn(fgt%eaaag&np IIcglrﬁ",nnﬁmerous spedific details are set forth in

oroer lo provide & toraigiiLdeIBRIRGHLe InEaP R MR Ve siand Pyihoee

skilled in the art that the present invention e practiced 5 without these specific details. In other
instances, well-lenbensed éneggsinrecadenes vadrape serhediment REREIREREIMNSt been described in

detail so as not to obscure the present invention. . ) .. . . .
10 Figure 6B is an exemplary diagram illustrating integration while creating an

enhanced image, in accordance with another embodiment of the invention;

Figure 7 is a schematic functional block diagram illustrating the main modules
in a system configured to detect discrepancies amongst two images, in accordance 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.



Unless specifically stated otherwise, as apparent from the following discussions, it is appreciated that
throughout the specification discussions utilizing terms such as 1() "receiving", "selecting", "grouping’,
"performing", {ial%g?,ﬂg%;o"generating" "processing"”, "improving", "assessiggpy ing",
"obtaining" or the like, reter to the action and/or processes of a computer that manipulate and/or
transform data into other data, said data represented ag physical, such as electronic, quantities and/or
data representing the physical objects. The term "compute?' should be expansively construed 15 to
cover any kind I | I | lities. The operations in
accordance Witr?‘f)tﬁléia %{aﬁ%ﬁngs mgﬁﬁ%eﬁr@grﬁrﬁﬁ @yﬁggmputer specially constructed for the
desired purposes or by a general-purpose computer specially configured for the desired purpose by a
computer program storkdthe fobemingtdetedled adsiecumsienynnmeating spenitiehdetaile wie geti darthdon
components thagRi& GeNYRYMLO MR Gk AtanyibpeHe rrengee byribe samer alptepse

numerals. In addition, unless specifically noted, embodiments described or referenced in the
present descriptBidsioesk by dhnshakilles onatheriatieatothe Proasel SERIRM &ML Pigeticed
?ereirrl]after- 25Fenmuwgﬁ@s@fsﬂymﬂataﬁmnmIﬁﬁ?eﬁﬁlm@&el,lswmg?mmdmmgﬂ }Eﬁﬁr:{é&(ﬁewhSAR f
Synthetic Aperture Radar) images. Those skilled in the art will.regdjly, appreciate, that the teachings o
the present inveﬁ?fgﬁoﬁ%ltgpﬂi?: Sliaiat z‘%‘.’&ﬂgﬁ r%%\e herto" ?ée‘?oal&%ﬁ #?r)]aaggent?}p‘éos %%S,c Bﬁ/e\?v%ey of
non-limiting exampseneirainti@ptical images, ultra-sound images, x-ray images, infra-red images, etc.
-9- Figure 1 is a.schematic representation of a system 101 for processing SAR (Synthetic

Aperture Radar) imageg, |0 acordanse M{%HC&H@Q@QQOQB Qi 25D S NERNARE BE-RxsERG) may

provide enhanced images based on a plurality of acquired images. Alternatively oradditionally, the
system 101 mayitols @pRiRgined bridbroeghaut tecmisifiratenMungsionntilizigesTns tekigsre, the
system 101 pptaing SARpIMageiaminutr foapiheotaifhthe i fronaeaaipore sRHEeamsuUch as
an airborne radar 102 transmitting SAR images to the system 101, a spacgbom r?%gr 103
transmitting SARRFASHEL Sherdr AV grBundPEEHtEne CCPRRIIE trd @mmﬁwgoéﬁ?ﬁ eyt Hithe
system (e.g., a radadctiviiendy: precbiste)ofin asaipueothatsicinigalaeviod/dD SransfdiahdBARMBO images
are stored, etc. The squrces. tioned herewith are ngn-limiting examples an stem,101 may
obtain images frgttimnef";m)z}%’tﬁ%‘r‘q1 a%%arge s (ems%(lYJvrag’eP f)]t‘fohasff%],qt?fges‘if/(gtrgﬁcm%@agdﬁélsn%%ﬁ %r%{?n more
than one sourcereprasémingfbe physiopl@bjectsylbbtaim SneniRrihshgd diomexpassipdyronsidead102, one
image from a,aroupa BESYAAGE SRl dAIUHR AL NBEER; O W AGNE 105 SAR images
obtained as input, 15 regardless of their respective source, are referred to hereinafter as "acquired

SAR images" or shortly, "acquired images". The system 101 can further receive processin%%
parameters as input. THESPEEEsORYIPACSATEMBRS Cathithaderchings harsin pain BRcBERERrBed Rbfcted

image a user chgsgfaenhpasaQubaishe-plarality ROl AcedirpsinRgess ByParanRial-gefaiRg the
target size, being the size of an object of interest. For example, a municipality can define t

. he.
requirement to R RGtialS FonfigsL dprthe SSSERd RUTROSP S AaPPH! F,pég%ﬂﬂﬁgrﬁféf’ers) or
less, i.e., the targesnpaeriscadiblp sigtpe medium.

20 In the following description components that are common to more than one
figure will be referenced by the same reference numerals.

In addition, unless specifically noted, embodiments described or referenced in

the present description can be additional and/or alternative to any other embodiment

described hereinafter.

25 For purpose of 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.



25 a parameter defining the pixel size, being the size of the area covered by a single pixel in the
image. For example, if the pixel size is | meter, the area covered in a single pixel is Ix | meter.
According to certain embodiments of the invention, the system 101 uses a plurality of acquired
images, eachWEAHASRY’M common area of interest in order to 30 generate% Sﬁ%{.%%o hanced
images 106. According to additional and/or alternative ' embodiments, the system 101 can detect
discrepancies amongst a plurality of acquired images, ®ach of the acquired images comprising a
common area of interest. - 10 - The output of system 101 may be provided by any. avajlable and
applicable means, sudhigirgidpiadnyhreaitgapesseataioaesl ® 7y Lndg fAraPLesratireatte and/or
archive 108 (thegyiniie cCaphard ealice) omdiléerant dbandirareilyedhy, andidinenting ity the aid
of a printer 109, etc. SFigyre 2 is a non-limitin ewl%of an acga%ifg%SARﬁpaﬁ%f&% alplgegn
enhanced imag&3e hills SKHSRCBETRIGE S0 T AR RN ARIAERY Thag >8PS AcHieved h accordance
with an embodirisageaf§ Meinatbvdipor [hdziopadiyiatedsysatre i®inoes haagefRoredk fokdetectingn image
201. It is noted that image, 20 j resul | gicTAscT=Te 101,
hence it cons%titu ‘5%’%9%%%%‘%‘%%1§§§§un| e%'o w?%ég %%’Ov@#i)c nglg’gquired fr%pnqgﬁ%%urce. Itis
noted, though, thainpubdenzylobtainthie ipet ForvARGPT MErveYEGssust asaripibroes ray 192 an
image that was gravigusiy @WR%%S%PW%%Y/%E&H‘ibiQW%ﬁﬁéeQ&%Hﬁﬁaihﬂlmﬂﬁt@ﬁgﬁﬂﬁy

n

obtained as input and is used for enhancing anaother image or is subject for. further enhancement, it is
considered as aHnaBeRREErPadgB oWl @TSHISRAG TR LTy HRERH FoRshiRiRY S¥REMatic
example illustraing seyadal LariearBy imagkislef, aneentvd be drergas aleiteri@®in30lith SOR The
images were all taken from abgve, e.g., from a standing-off or standing-in airplane, duri leg.
However, thid is ﬁ?ﬁr?'ﬁ‘fiﬁﬁ).ri%b%%\;%}?t °é"|?negg“é"‘snuﬁ’%§§r"ée v?ér%en% nnérélgsll%s ﬁﬁ/gfééc%% by the
same platform. Eystexatiplerayneltaiminsgendasnnapyseties eppidiriaie smeecaSipiicadldo B an
airplane, while OJ‘Y%&% 'Hx%ﬁ?o%]@tﬁ{niﬂﬁg%ﬁ HR M Ses RN ERe$BAGHRIEIE By aatellite,
e that none

etc. Moreover, it 1s possi ) , one or more and even all the images are obtained directly from
the radar, while fbigialeneftARBiragedromma airkowe mdas Hid eteimastfomaguend #AtieRidd from an

archive where they, AR §Lofef! aluHSHEKAIE: Y6HIMAYEs QDB SRR caiistey esbianacisliipages of the

same 25 scene. Image 301 was taken first. Then, after a ¢ertain period (which can be seconds, hours,
days or eveny/eHgiss @RI SRAEN e S rAif SRfeTesh 30 é&ﬁ?lﬂ%bﬁsﬂﬁﬂuﬂé‘?ﬁpg images
constitute, hereinafies" ar skéidly, Ohtgiipal aagages”, or shortly, a "series”, and may also be referred to
as a "sequence of temppral imta%e;énor shortl as ?e'(;%?%uepc(%'. ;I;lhe teraglnn ;[%mg; ilsh ag&me[%@es used,
hereinafter, in order to téfe {84 m%@ A senes, ﬁe&s?raﬁ%ngoﬁﬁe Images in & séries can be
done in any apppopréatmgrethocterovan peilst, intettaimoted that originally, a total overlapping
petween Ihe acqu o0 IMages R ARLIGPEalom A51000 A5 b eniRts anayeAperasprial
(including, for example, a common area of interest). Hence, it Is possible t]|'1at, e.g., Image 301 was
originally larger than the irbapgulitestimeges the figure, and so was image 302 (and the other images
as well). However, the Jlugtiated IIRGEHAGRR! 436 Di-00Yi JA0BEAY SHARRINGR BB bi'ihekdg.

registration and resampling, performed by any appropriate method 5 known per se. Hereinafter, the
"series” includes only thogtopoPraRPISH tife FrERiEsaltt FEoRiRBpIlS. HERMRSHSEle Rhdlttith

"acquired image" further refpks iR ttbRsalRIsPaiEok thenees larRi v greaiqn [asagane adhesyemmon

area of interest), after registratjion and resampling.
ess, 1.e., the target's size 15 5x5 meters;

25 e a parameter defining the pixel size, being the size of the area covered by a
single pixel in the image. For example, if the pixel size is 1 meter, the area
covered in a single pixel is 1x1 meter.

According to certain embodiments of the invention, the system 101 uses a
plurality of acquired images, each comprising a common area of interest in order to

30 generate one or more enhanced images 106. According to additional and/or alternative '

embodiments, the system 101 can detect discrepancies amongst a plurality of acquired

images, each of the acquired images comprising a common area of interest.



Image 301 illustrates a building 309 and a road 310 leading thereto. In addition, 10 the image includes
building 311, which is a neighbor of building 309, and a vehicle 312 (probably a truck) parking nearby.
In image 302hesamadydildings 309 and 311 as well as road 310 appear,fraweysf/dofyehicle 312 is
missing therefrom. In the image 302, building 309 is partially occluded (by environmental phenomena -
and/or an artifact), and therefore part thereof does noygppear in the image. The occluded part 313 15
of the image is represented by a dotted region. Image 303 includes, in addition to building 309 and

road 310, another builging Ghn Wik IIg by SHRISRIDERERr 8D ARl deaitBYedRPapplRpRLetween

the times when images 302 and 303 were taken). In image 304 there Is a vehicle 315 (e.g.,.a truck),

positioned on réREAES FHdhAD GiRRKEYIDE 4o OHRY @B S SR L Harsterpest dthasSKHE HEEH B rked into
a new road 316aid/BreariMvel Y08iQiihtharehisa daavbe utleinigal lor hifferagetRb thesechie:tsg, vehicles,
318, 319 and Bé%garking,near bu(fkg]i%g 317.1In imaﬁ)g 307 a ferﬁce1 321 appears around the buildings,
bordering area | ’ﬁﬁﬁ{i"r‘@ SR érﬂ‘b‘mfﬁ nff&nce 323 to the camp is via road 310. Four
yehicles, densoted 324%6326&13@132%@&@0&1@&( bﬁiWr@@ﬁraBAﬁmm@ma@ 807, like
e e aioceatileis ROSh SRRy GRISSECIE by P dRiehI AR SPnRS it ciear

ably ta a e 307. |

Image 308 was pro €n a short time after image 3 tis also occluded. In addition, three of
the vehicles appeeaidanis iwitlyarsonberdimented tsrirtentivmg 1G> sppserizved dal appvessdivagh, but
vehicle 326 wasgjaRally.gf vem aaYeA3 hRNeSHidd FhMisalliodorwibadmaad as redRLINg to

certain embodiments of the invention, items appearing only in a subset of the images in a series are

referred to as "GIEEHARRN HE SYSHAMB A8InbgRch Hnousiites PintREbES: agsie d8E eferred
to as "backgiuishger2ipehkgeaungs actdirdiefivm. ditytheueramilenotddieisais thhigipe 30bLifding 309

and road 310 are part of the hackground, because the ea[ jp.every image bein rt of the series.
However, buildif%%‘gﬁ), %84 500 317 AR ‘(}:’eﬁgf%s %spéé%[lr}igﬁalindg n!l%a%f ﬁegflm%%é (%%aéh“éass 312,
315, 318, 319, 2évamdly hrexssstenby (B2 ystemaildosizgeatsbéaartvethmanmg is prissatiyatbBainedeinafter,
the term "item" i J £ . "ahiect item”.of - und
o) 1o used 0 Ly et o A ARt RIERE O L e i IR chaniiei
anything that appiseteniidsrsl anencicanijedtiesesy bbdlederosimgdts lining every image of the series.
In light of th?SOCC|USiO'FIE@?é‘@O?@%S'J%-ﬁﬁﬂm%%ciﬁh}ﬁme&%pﬁemﬂﬂsﬁﬁti%@ regeid ddmpiiapnce the
image, thus allowing the viewer to better distinguish the items included therein. For that purpose, the
user can indicaf®#s iPhaqisonss Toedmraes armdsnaied AU GARIS- tohh EmaRa e éﬁ‘é #hh
reference to Figakseve, wheiebihagadhz-efflbanesrinedin seblargduzik, dtlshoHiskeeapiiediated that
in image 202 the coptrast issgégher, i.e, the "ob%e.ct -to-ba§< round {atio" is higheru\%h rbeinﬂpigher 15
contrast is Iikelf’ﬁf" O r&%%ﬁﬁg&%ﬁfﬂ%g% PSR i eé%él.o ne??ﬁ'%aﬁle 46?Lq|n |gu¥e ¥
illustrates a nonskimtipigtforam pler ekiheplenban oe thivrageagedh imeisgiay aga BbaveTbeentengsizgshearing
herein are SINTY ! RERIAD U7 985 0fhcP PHEVE il 66 AU ISEEL AAFRAR e
distinguish. Hence, an "eénhanced image enhancing a spetific acquired image" is a synthetic image
whose contrast #s@iredgnen gateilitee epaMatcevsuitds nefside thetmonshiRrePapsa AN eMetath appear
also in the acquﬁfé%ﬁ‘ﬁé&ea?é“gb‘{&%ﬁfﬁé’cﬂ}ﬁfwﬂ the QiR CIoHRRRE A H16h I PIRSHRCMHAN 8ErEN3EE appear

also in the synthetic image) The synthetic image and the specific acquired image are considered as

"corresponding oRAEstisEPm ALLG HTBRESH ARfolR IR dFoR AR RRGBL SrMrechAL Akt e all appear
in the acquired image, Iik shedehaipld)ardbimppee shprdaiiatedioaol anaporinaoseis bishd sane plurality

of acquired Izr?a%ggﬁel.nﬁlrya%en %(;kl]ew%grtr&se%oggltr]%?e%q ualﬁ%g :itrrcl:%ggin period (which can be seconds,

hours, days or even years) image 302 was taken, and then images 303, 304, ..., 308.

Such temporal images constitute, hereinafter, a "series of temporal images", or shortly, a

"series", and may also be referred to as a "sequence of temporal images", or shortly, as a

"sequence". The term "frame" is sometimes used, hereinafter, in order to refer to an

30 image in a series. Registration of the images in a series can be done in any appropriate
method known 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



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 ap&earing in one or more 30 thereof. An image resulting of a rocess}noqogli a certain

sequence of AZBHHPHH: 2010/0

&es and including the joint background and all obfec s appearing in the
images of the sequence is referred to hereinafter as art "inclusive image" of said certain sequence. -
13-  On the other hand, image 402 illustrates only‘thBSe items appearing in every one of the series’
images. An images resulting of a processing of a certain sequence of temporal images and ':ncluding

merely the joint SRRADERR PE sHsadlshing it APitiblsebds & <UL liste y
hereinafter as ajabagkgral aet image inisaitCeitahe Figea andaoOhiedhitgmn 30l (and ahpedrein the
background image. It is apRreciated that each one of.the acquired images and/or an ced
image enhancinlglgﬁ‘ffgo%se Vé’ﬁﬁ'e a &Vﬁﬁeerd?{ﬁ%a%%uss%giéwg ?Srgﬁpé%sgﬁ 8 cgrtg}%gpo?né%ﬁﬁxtgpr?ng . Unlike
them, the backgrouimhsifagben tiushgisioatiprcend trasyomplinghparirmadebisaraneptivepsieenietind no

correspondeqcq ig oy spee 5 IEARHI AR USRS IMOUAIIH b Rerias, ages were

taken. Similarly, the inClusive image does not correspond to a Certain time point as well.  According

to the embodimeri®¥HiREPiRge RHEhermern dhedran Thsguirddme s furges srfgnhiadhe AL ¥ ced
images. Accordingrie 6VePaginesabi@orvention. @ bdmiivoles aanac#3y e scistrguired for

rendering an enhanced image. It should be appreciated that the larger the number of acquired images
in a series, the BBA&FIHBRcted quality of the enhanced image based thereon, e.g. the higher the

expected contrast is. Figisge 3ondiideatesdidgiking 0089 lustratvag Bi@deadiop thixbtocleatdditian,

AN Ced It R A AL ST AR A Shiig BT IgRRY3d6E Y Seiipps Of eiot
acquired images Torms-he basis for rerrderirig an enhanced image 516. The éight images are denoted
by reference nufperbidB02 t808) Backignscabs, Bonsgs 302 Soosarebriidings 399 ansbdthment of the

invention, groupg ke xsnRge YERRS RENGHEREVIRI. 36 ioTRsau AfiRgas B mRMple of

Figure 5, groups of two acquired images) are used for rendering intermediate images, 25 denoted 510,

511, 512 and 5392rHevildingn S8Mhs ipatly apecdnet by imxgeametakiPhameleiSpdn aaily

higher in compagisgacyyitinthaaeriraphairaehr dossoidhephaer imagesipey Bie sirtaitdpart BER, groups

s kB o1 jeseocnied B9 3 doticd region. Tovike 303 meitdds fn adatach 1§ >

building 309 and road 310, another building 314, while building 311 is missing
(probably destroyed sometimes between the times when images 302 and 303 were
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



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 thergfgyspirpRbshe contrast of each one of the acquired images erpteswmpdisie images
are based on. Finally, the intermediate images, images 514 and 515 in the example of figure 5 are

used for rendering the final - 14 - enhanced image 516,whose contrast is even higher (it should be
noted that in other cases more than two intermediate images, e.g. three, four, etc. images, can he

used for renderifg, e gl EROARGRLITROR: HFrere 3 Unadad d sk Rlgd ApRCiaR sk he
series of acquired |mages IS integrated into a single enhanced image. 5It is possible to describe the

integration in terf& thasause sieAPRBY 4B SEIHimagt PelsrRag ey o scissHowevens, 506,

50;,b508 gng SO@imﬂgiMﬁ%}?%ﬂa&ﬁggn&e&%@ﬁﬁp%@?mrmiagaﬂmwﬁ@acﬁmnz ang
513 based theregn constitute the second generation (L=2), the inter late images 514 and 515 that
are based on thé §& dﬂéﬂééﬁ?ﬂﬁ%’mf‘éﬂnfﬁ}ﬁ‘fé §&e§r80‘?@ﬁfﬁﬁ“§e rﬁeHéFa‘%%ﬁ%I f=3). The

final enhancedl ilragadits, donstitdsiedaytarinpralimenfcecase sheiastiyepkratoud a=lfoljkett is, the
figure illustrates .a four gepnerations integration scheme. In.additiqn, because e acquired

images constitut@%ntl?ie%ﬁ?gﬁ%%ﬁ]égegr&rﬁs?Sﬁfﬁogﬁgq%%gszgrigg)s ?ﬂg fggb?rﬁéér?ﬁgﬁgea ly. Itis
noted that the sdfackszouhdiitetbergnte gentemtisranidhieg thelivppeardinrmpastether sakictiercan be

used, such as n@ﬁ@g&%@%&ggm@gg%é@%@gg gfles1, etc. Itis further noted that there is no

mandatory relation between the order of the images in the series and the time the;{ were taken. Thus,
in the example of Figur Sight ¢fobsimeclusion thatiappsars; oo exemplen ifrinage A 98 44 &89 Pethen

image 502, thenrug@es] 30 édimc® fiRNMYnAle e auieing?Bl eieinafterbéter tistinpaish sheskeior
rendering an enhanc are considered as d relating theret 510 and 511

d.image lrectl e.qg., im
directly relate to'fff] E%M%r‘ﬂa L 5P DVEPSER &h%c‘l%}rréﬁﬁel ﬁ?ﬁ@gg‘%lg"ﬁ%??%dﬁe?t St are”
situated more themhamed)cheationg hefdie axaaniiapresitedgeitle stfettrew o Wiguired2 e sthatationship.

For example, image 502 ndjrectly relates to im 1. d ' 3 ition, image
502 indirectly rel‘é%ggea §g ?ghl%?g%%eaﬂ%{r ?%grglja re gfi#ﬁ%%%%ﬁ%@ﬁé@are&c@%ﬁg g‘r’é%é.ig Hr%z glgves
while they can beodirasit ielbighes dreindiectabientsde-backgrayndoratiahds dtigberg aiigiarhiget

illustrates eight acaHuGdINAGER MibwleaMRIGN A RRMES Of 14As fGH¥eYon 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 seriesB&gRAY 48 Figuredibrstaisa nondimiting erenisapthe sebareqfdmesne

embodiment, illusiiatrghi iniaps e 68\, THO M BRidanet BdelyerokinbDart i (oseiafpéaringliply one
or more images jn the series, thus yielding an, "enriched series", jn which at least one,jmage i§ a
multiplication of Hﬂaggqiﬁ#e&qm%ﬁé Xoﬁﬁrﬁ!}eﬂfeé and easier {o (ixstmgulsh. ence, an enﬁglcea

image enhancing a specific acquired image" is a synthetic image whose contrast is

20 higher than the specific acquired image, all the objects appearing therein appear also in
the acquired image and vice versa (i.e., all the objects appearing in the acquired image
appear also in the synthetic image). The synthetic image and the specific acquired
image are considered as "corresponding" to each other. In addition, while the objects
included in the enhanced image all appear in the acquired image, it should still be

25 appreciated that the enhanced image is based on a plurality of acquired images,
including the corresponding acquired image.

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 hereinafier as an "inclusive image" of said certain sequence.



- 15 - different embodiment illustrated in Figure 613, it is possible to use an intermediate image of any -
generation with an acquired image from L=1, while rendering a next intermediate image. It is to be
noted that in the example of Figures 6A and 613 the groups of 5 acquired img%s r ps of two
acquired imad@g.z%% &%, in other cases, when the groups of acquired imléges é(r?é(%)rgégés of more
than two (e.qg. three, four, five, etc.) acquired images, the same principles apply, only in such cases,
more than one image in a series can be multiplied, or Yat one image can be multiplied more than one
time. It is to be further noted that in some casesz\me acquired images corerggrisin the io series may be
divided to a-symmetric3t 1o G eRdcimage sl Wﬁf&?ﬁ% ﬂﬂ%eiﬁ?gbg PERE" & BUE Hray Consist, for
example, of twoofiaheisetldénbgageswhenchsagaoteetlgrpupfmayreonsisy idr exeraplesafutineeddcquired
images, etc. Further.to reviewjn .examples,of Eigyr 8; A ng 6 Jﬁpg e e}giq[.a[nt that
according to the' TArSH |01nm,a§ﬁsear11)ﬁia1§8q§1 i aragp?gy(égfejgt%{agr;g gf%ﬁﬁ?ﬁeé%lﬁebasegg 15 oft two or more

images. The terimagaoobthesratdare is ofened icdmseinafierfasre thacketouttbimagenpfispid ceda therefore
an enhancedssypihelicd nengée Wi ds Rasapdalisacty BREQLIRAIEREHEY) on two or more acquired

images, constitutes a "multi look" im%%e, shortly referred to as ML. It Is appreciated by those versed in

the art that the term "nkti% sBBreciates BaiArl cBe 96 thscrsained Hgas0d qrarrsrhantrd dmagScessing
two 20 or more inagRmoldalkenthat tilevddadditesdl ustialattholgwetont aceasdingiat taciinvention
alternative computation may pe performed..  In.addition, it was previously explained, with reference
to the schemati@ym@%?r f&h 6&*@3&%@@“{?&% § %‘é‘ssefno Ege??@g%lrl\é t%onnfﬁg%f) frr%%algeegl.si-%nrc}%e, it
should be appr%ﬁﬁdéhﬁhmmdxﬁpnmeﬁmagmiﬁhimmem tire rﬁimltipmglﬁﬂav_qgired
images, is afguavﬂm% cd.on.myll '&R%Qgeﬁﬁ?é %9;;@191%ﬂg%aum@ﬂﬁeg@aa&eﬂomﬁ@gsamage

constitutes also a "mu tl.ter.npora_'%ﬁmage, S orﬂ'y referred to as MT. nce, an enhanced synthetic
image obtained inaewutaigdine roitt asevelkention is an MT image and an ML image, and therefore it

constitutes an MTML imageqii 38 3EUABRESMAID JrsHeOoRvRAten, AR inluSivVE image daddairoted
MTML",",,, while a background image is denoted as MTMLbackgrowdor shortly, MTMLback. In

addition, it is poBansEELitRage AtesmhanceiPAgSE whose objects are identical to the objects included
in one of the series' imagasdingvibilnibediaek@rofiftisnvehfiondls plieRgNfhequirethrdfeiniage

background, but With%i%herc ntrast com are(éthereto Such.gn enhanced i e, enhancipg the i'th
image, is ref’@rrerﬁqtl&I e %’ir@i’%{'ﬁ% ﬁ'ﬁf/ﬁ%‘."fﬁ ACEE %{‘ lIé(r)ll‘(lelsg ineRid eﬁ'ﬁ%ﬁ%&s r?é?gaﬁ% E’% n
MTMLI images antnhecisfiptiqeisstipsigrnges sedenclyetheter dhe dpodted MiENE D dvtinhTimed

' o image based thereon, e.g. the higher the expected contrast is. Figure 5 includes a

diagram 501 illustrating integration while creating an enhanced image, in accordance
with an embodiment of the invention. |

20 In the figure, a series of eight acquired images forms the basis for rendering an
enhanced image 516. The eight images are denoted by reference numerals 502, 503,
504, 505, 506, 507, 508 and 509. According to the embodiment of the invention, groups
(for example, groups of two, three, four, etc.) of acquired images (in the example of
Figﬁre 5, groups of two acquired images) are used for rendering intermediate images,

25 denoted 510, 511, 512 and 513. The intermediate images are enhanced images as their
contrast is potentially higher in comparison with the contrast of each one of the two
images 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



5 convention demonstrated here for numbering the images (1,...,n) is non-limiting and any other
convention may be used, if applicable, such as 0,1,.. .,n-1, such as a,b,... etc. =~ The ith image
constitutes a &Slg&t%l% ge" (selected to be enhanced by a user) or a "se{,%clt zgﬁ%ﬂ'ggplimage"
while the other Images inthe series constitute "other images" or "other acquired images”. An
enhanced image relating to the selected image 10 conséitutes a "new selected image" or "enhanced
selected image", while enhanced images relating onli/lt ‘other images (but not to the selected image)
constitutes "new qther images" or 'enhanced other images.. oreover, returning to the examples of
Figures 5. 6A atiEEAH SRR PLS HPVRE LB (e S e MR e IR e
images. Becausssadhdts iimeriwedittenedige imdgesttygclasd fouwepriovages-eambeatiod images it
can also be congifierh A9 AN LARKIBAIRA L PRlIMACE D REE RS ABNExbiaRRciTAGeS. I

cases where more thantwo images were used for rendering an intermediate image, it can be

considered as asgiisofrsRYirRbEaser ivibleaTaigrbintec sipels antguertiEaginber of images used for
rendering it. 20AccordingdQiBauny RNHSR SR ARG AL JFAREL tn "RALSIITT giietudlii (hetiBiemReliate
images and final enhanced image, are based on likelihood iscrepanc ly referred to as "MY)
computations arffSiE§ LA ﬁﬁ%@%@tﬂ%é%ﬂ@%r%é%?g’(ﬁnﬁ%é’g@é cpéﬂfggefo&ﬂccording
to an embodimefiisoktiemian(ion] yehddrtgnasdianh anagd 518961 oSiR etk 555 atednibehate image
or a final enhanced | Is based on discrepan etection amongst the [ S.the
enhanced imagém we%%g %rgfafggopog ﬁelrslefc‘q? ) K%[é that 1t‘ﬁ%nﬁlr%(g:’%(esesgg‘e%%)evsv %{%ﬁg%@?gv%h&%ference
to groups of twobmsabes. towenad igeoawsmmbmrmedga‘@uimeghmag@@ibmnﬁﬁs@ér_mé?éméMWo
mages, the flqylaipni e BRIRINE it SRMMIBRIA! FETbARGAEUAITA! BA0RR idbe 30

group. In such cases, after such calculation, as an example, an average value can be calculated out of

the values calcugstserter&fdiY fhaéspbr{iepre dbasirmips RO | SeRyrahRNe SIpREAE P ISRRISS T Bhe

group. Figure 7 i @fdactionakbigekseirgrandiustiatingdhecnaitunadiHestirdmirieteddespnfigured
to enhance images and detect - 17 - ~ .
"L=1" and "the series") are used interchangeably.

It is noted that the scheme of numbering the generations is non-limiting and any

15 other scheme can be used, such as marking the first generation by L=0 instead of L=1,
etc. It is further noted that there is no mandatory relation between the order of the
images in the series and the time they were taken. Thus, in the example of Figure 5 it is
possible, e.g., that image 505 was taken first, then image 509, then image 502, then
image 507 etc., or any alterative order.

20 Hereinafter, the two images used for rendering an enhanced image are
considered as directly relating thereto (e.g., images 510 and 511 directly relate to image
514, images 506 and 507 directly relate to image 512 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



discrepancies amongst two images, in accordance with one embodiment of the invention. Those
versed in the art will readily appreciate that the invention is not bound by the specific architecture
illustrated in Figure 7, equivalent and/or modified functionality may be cons ? ? ivided in
another manr’(é%&ﬁﬂlmg%?%e 5 implemented in any appropriate combinatior? % %{de% vlv%(gf,xé?mware and
hardware. According to the embodiment, two images, 702 and 703 are fed into a "feature extraction
module" 704.For each pixel comprising each image,'al\S/éctor is created, representing the pixel's

characteristics in.its surrounding envjtonment.. FQr.example,.the vectqr, can include.a value.
representing thg‘\%ﬁ%ilfﬁ?‘%‘? ﬁ%emx‘éﬂu ga’flé?lg %46 plké spgﬁ?%ﬁn(’%d)lnlés?t.aﬁéﬁggnt%éageutput of
the feature extrasiiga nfoshylegéitationeaith pixekqsited ivegoBeT0EahdWiiB, resiesiogve oéxhe two

images 702 and 103, Her ilqgf%eer, each vector constitutes a "feature vector". Furthermore, 707 is a
mterme ﬁat age. . )
comparator that is coupled to tHe feature extraction module 704. The comparator obtains the two

feature vectors 705 ankl 708 fperfistiers thet i theapwpraply eSigursased madupB b gerrasrofand

computes the d@&wﬁ%% Sibs Wi TR GG ek inigovanst; linandl ki) Heattis coupled
to the comparator 707. The filter 708 is used for normalizing the calculated differences to valyes in the
range of 0-1, wHBPYRS Ak araiveed ﬁ%ﬁ%%ﬁég%griiﬂ%ﬂé,Wﬁé@lﬁ&?’@a{é§at§f§ﬁ’if' M BREnTE) 1t is
noted though thaédhifed dmuaesjdieisare phimdilesangiyaihenddnasdiment dam vse thegedposite
convention, wherein, O indicates .a significant change while ] stangds for.no change. It js also possible to
use a different rgﬁaée."s cany %I?fcl)lﬁlﬁllhgéia? [ é”rt 95%}%3 SEoRs rr%lrg 3 ifz(}r%oﬁge% éﬁf‘é‘r‘%rﬁ‘é‘é‘é, collects
information on the othdt jsitelecimbtirnivigd tsatrimsmuecmandhe ahquikathitagrsl ganprisingatized
mage” of PifeIS RS RAQUESRRL: ko ThEHn IR BRNERY WAAEHSIRA2UR BbitRly the
reinforcement module 709 that computes the likelihood of discrepancy (ITD§, also referred to as
“Likelihood of Diseaeq5aney sIawmmay copsistafak exempleapkiRqiereRABRgRs wherst ettt in a

siding window e g RGN0 fiPaetpls) 2 Ak Adqlidisimasasatized difference of most pixels in
the window is high, LD will be high, while if most pi elsg%,the wi dgw ar ar&zterized t% a Itow
normalized 30 differenEBTReS iSRS e ABEREROL FIEEE R D ARH BT REURSESWLEY ¢ i
variable. Detaseskcagaijptiotheiihentivagutesnbancpd sinapthiz &istetty add/orilivkdilentlypbased
beforehand, Figure 8 is presented, illustrating ong embodiment for rendering an M. - image,
based on a $2rié& §R iP]%aIélgg? iﬁ%@%%r@ﬁc%%t%ﬁe%n%é%i ght g#oﬁ%e%eﬁ#gx%orﬁfsg}%%licity

assumption is mizdeinhfitkas “opdtipde’ ofatWictherofoeyen eshanced prethisiesimage|avhich, is.§asedth
reference to Figg&gﬁﬁﬁﬁﬁ&dﬁﬁm@l{?}iﬁﬁ?%ﬂéiﬂ?iﬂmk esulie Haiedsnclsdiaweiahdaaseding to the

embodiment, in ¢ ge quality is assessed for the k‘ima%es in the series while in 802 registration
and resampling inpeasehaTdy reforgig an e Ndsarrrsriged By theseyresd imtigessthatthe teBresently,
two embodimenig;alg LRRSIEIRAARCAIINGIALBARIRAINASENABR0ORIFRaBIEIH T pRUeRRE that all the
acquired images used a,ccordmgé&t e invent‘L%Hao are valichimagg%g vin&Ban acce&table uality.
Therefore, attofifPEs tRessbBikshrtet 1 %eb?’gkfﬁd R PO ATE RS art may
appreciate that spvegtisnestamdtiagempglatibe invabd ssrfletesibrated. Hence, the second of the two
embodiments considers this possihility, wherein one or more .of the images in the gerie .
deteriorated. Accordingﬁ)to clﬁsugreltéﬁ(% &inbodimen , itg ngggmlgl 0 arg?s%g%cﬁwé[%m%%es%afé%%ﬁty (as
performed in 801ljpstrgtiony cfoRigaring, ithet athotireagasape andenive grealiomporalomaghs. ddeaselaice with
Wang et al. "Imag, ok BU'YpRagaR B0k HRTleld/ MY OB WIS bREY odOREHRIRDIe WD

adaptations respective of SAR that are clear to those versed in the art. If the assessment confirms that

the current idfagecquitedliiirensieiforedraly dedinagaelirlaitymprRIah ipreean e ciugR Mrom the
cPriPQ 20 and vihaptdeespnBRii O iR RREN AN O5REE. 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 MTMLjackgrouna OF shortly, MTMLpack.

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



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 qga%qgi;a%&:l, 2, ... ). Thus, couples of one generation are prqsaSasHiPHder 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
Imageb, see, e.g., 805), local features are extracted on 806, processing of differences is performed on

807 (wherein progessing of differ meludes ¢ uting the. dif n jzati 0
thereof), LD is agg%%regraet%ﬁ, 8§0 gﬂgﬁogn%%é%agi%%%%rrﬁ%é’cégﬂ [ rﬁ‘g‘gﬁ‘?ﬁ%qng’é%%? v?({ﬁbﬁ%ﬂ%?ﬁloted
that this 2-Look bafeicierinaagalionaed paseefankaneing dbo éfnimagh. siigferrpd to, hagiaisratsessing
all the couples inerpreReREIRNS RN Mﬂgmﬁgkgﬁnﬁ@aﬂ% {Redes dshdleimagaguberein j/2

is greater than 1), processing terminates and the single enhanced image of L+1 becomes the final

enhanced imag&PTPROBE thi g th ARe e Raashbieser itk e of-adftia-intiies 5 are
couples of acuisesh imase dehlonituesd iRepdhfr crsssermBendmgiayps. of Mcruiadlimaigsake groups
of more than two (e.g, three, four, five, etc.) acquired.i es, the e principles apply, with some
modifications asaﬁ(%f’ghgﬁ?%% ton rﬁﬁﬁffe')@efgq; ﬁ%kﬁ?ﬁ%&&%?ﬁﬁ?@éx&xpﬁ?ﬁ 8hé atl"dr?éctaken
during feature extracticth8@th suagrdmgtitiene adtdenathisagab Gabicrtet of b enhametdyy, avnte) Figure
10 10 is a block diags ematically illustrati S ive.in the fea

extraction moduﬁ% %%%%caggré}r@ it%é}iﬁ{gl é%%b%r%eqrﬁ.g;gﬁéé{gad%%gy e@trﬁﬁ%ﬁ%ﬁ%ﬁ%ﬂ@ﬁygﬁgﬂ used
for determining firagaB0er Sptistpsauiied imessss Mosmhanged iimagsardating tto thg idegted damasing to
the embodimgntiiissiaiady R IRRAMOIRNEACHT IR AEd scBiedninat N Rty elhgse.dre local

texture 901, targetless 902 and local entropy 903. These characteristics are computed by the local

texture module PBBEAEALRGOMBY L08R EMABED Lt B0k 10 ke SRIFERY KSRl TS stPaYed in
Figure 10. It is neted ihapes dhainklinesdbvecinageiments may apply only a subset of the modules

illustrated in Figure 10 and hence, jt is.not obligatory tq co te all the charactefistics, mentioned 20
herewith (in Figure 9). %&8‘?&%’9% nﬁ&gn%%n?xgﬁ’fqgﬁegg%\%rg? tgreé:‘ggpéf:éﬁrfsffcghgge}wgt%
computed. Therefpreciaicd gomethatrthe ﬁmgmiap_mnagmatmiwmmbge@ rﬁpmemt él'apbse
o e SARI BRRLE GO I ACHIOR 8 nsitas Alibe AR Ieasaer bed sbove
additional and/or alternative characteristics can be computed, inCluding, in an exemplary manner, local

mean, local stamaﬁérla@di@ﬁ@ﬁ%leebmﬁﬂmmewﬁ&nm&mﬁm@eﬁg ipagges In

associated featuggs wrttedie MR ImEERRete SREI%Sr RHNARS SnSifdmBigidrO it PHPOSe,
other operations and correspondlng modules may be introduced to the system_ 701. In additjon,

although Figure ERIPS ?FFé1%%m%eé@%mﬂﬁnfﬁgé@ma%r&ﬁ%%‘?ﬁf’ﬁgstt‘?cfﬁﬁj"b‘@ber

emphasized thabthiggreiaisell gomendatiansg.is non-limiting; moreover, it is also allowed 30 to use

parallel computing for computing the different characteristicy. . Each characteristic,is,computed, =

substantiallyg?or every ﬁ%‘é&ﬁﬁﬁge Qortiii oMM EFRLO iff % t%aﬁﬁ%gé?%g IE)%(efr|lc§:rl(‘alf¢,lfanr$tIy%c:élenalyzed
fc;]r computing itémmnadéadﬁh?e@m@tﬁtgs m&mynmgq?_ixg'bdspdroieiivkgﬁmn@u@?imﬁepénqy e

characteristics, ed pixe. 8 2Nl Rixel is in
the window's ce si%(?n}# isgégg?airﬁ%g,s infgifg%?rﬁ{ﬁé%t%cﬁmﬁ?%@é %%%%ﬁt%%aet&s iIcs may required

different sliding wiharsgd fopgo diresthiitalatheteof.

According to an embodiment of the invention, rendering an enhanced image,

25 whether an intermediate image or a final enhanced image, is based on discrepancy
detection amongst the group of images the enhanced image directly relates to. It is to be
noted that the process below is described with reference to groups of two images.
However, in cases where the group of images comprises more than two images, the
calculations can be performed, for example, for at least one couple of images in the

30 group. In such cases, after such calculation, as an example, an average value can be
calculated out of the values calculated according to the below process for the at least

one couple of images in the group. Figure 7 is a functional block diagram illustrating

the main modules in a system 701 configured to enhance images and . detect



Understanding that the invention is in the field of images analysis and 5 embodiments thereof allow
discrepancy detection, it can be appreciated that analysis may include searching for something
specific, namely a "target” in the images. An example is now provided in to simplify further
explanation. R@é&f’d?ﬁ ¥the example, a municipality of a city would like toP\ﬁét\;ﬂfiEr%{a)%@gbg# the city in
order to identify new constructions, hence being able to enforce legal constructions. Images to having
higher contrast will assist the operator in identifying th&%items appearing in each image. In addition,
analysis of a series of images will allow discrepancy detection, i.e., detection af newl tcorgsglucted or
destructed itemiSCTERRRGISS ABORKSEIFEXpIEIARSS: 7. 26605 eft t8’ff"|g?ff(’lem;é,l %1}/} a8tording to
embodiments ofikentivertianRe deriag iie diuetexitaetidilypaphaoipteihdote snventibh Renirbingdo the
latter example, it is gssumed.that ve E&geor uge. buildin nstyu t&:&# ' ' e ognized
even without thg’ %eﬁ‘gfitsé)%cr%i\ﬁdgrﬁ}ﬁ% e prgis]ué%ta tlﬁc\&/lelnntiogr?gﬁ%wz%%, [ ‘é%%gb%%{/@guﬁ{c@ klg erq(fom on
top of his buildirfysctivoslimagenankdy sienselkduedd ancdividedhéningrathien menpessadierstebtion

thereof. Accoydig o iR EXIM RIS, aPSARRYICAIRHARRYP of ThiaiRaiNkERRrGeive Hhaake.

requirement to detect constructions whose size is 5 meters over 5 meters (i.e., 25 square meters) or

less, i.e., the tarf&perding itosths raRadiment, nBYediAagsy T 12 ol o PdrRifnieh g HRafnplE2HE any
other window sizgan&e AeHGRY, 78 IRsUERH, SLie asndxdsifx Laclc itlapae Dixettepikesantsde.g., one
square meter (as indicated hy the received pixel size.parameter), the sliding window in the first case
(5x5 meters) Wo{meﬁgr‘é‘t“%gﬁ %‘é%ﬁﬁ%@f&%ﬁ&e’l SRR gnggggﬁgnctasgr@%n '1&31?%) it would
be at least 3x3 pisetsr (&;ax,_’iﬁqnindelﬁ)yklﬁa&_eptbue_mmmhﬁ'szaﬁ@iﬁtafﬁctmjmseh,vagrm_ewbuglﬁlexplained,
by the targets expected Sige And igﬁié‘x? DL 35Sl Qﬁﬂ@?&&@?ﬁ&%ﬁﬁ%&&&ﬁ%@%& grow
whose size is mgasure‘tﬂ)y an AUMDbEr of pixels, however, this is non-limiting and other
embodiments mpixellld® Windveetotsavieg andn TMemespestiirers b tReimggt Hid Hdgiie.q. 4x4,
10x10, etc.).  Higuiefdr ILHSrAERNANIRRALIS e RaRREBFetermined in 901 according to one

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

2011/073990PCIVIL20Hesberrenre.. BT _isforcampargiergthat 19 capplsd ifRptfn SSANE BFEHMble, by

the local texture syaierdf0rhe confardioe dbtahiaxkitecharasiarstics 105 stidingéypedonmsofistitutes a
"local texture sliding ngfdow". In the ??el%\ﬁly eéam le, the local textur. isocal(:l{elzs;}teﬁ;_l1 usiﬁg‘é[rkée 5e gradient
of the image! e8P eAcHF B8 altdShie c?'ﬂé[feopcé)r[g?c?rn %% 819 aTQTIRNRG it Which are familiar to

those versed in therebiéiofeinaGhepdifferssivegis| fest timtbearmm_dithat $ilieh %&&matiimcoflpﬂﬁilé_b_élmextu re is
a mere example gf.gnc. metipd sheaifuledig It andeesodinall At Seibale et Aized for

calculating the Ié’gg??g(ature. urning to the exemplary calculation of the local texture, in case of a 3x3
local 10 texture htiigjinvihdsangropikdmivhercinghe yakee @dndieaienno cbanrgnunbiabindisates@ created

in 1101, one for th_ﬁmgép\%%géaﬁi%nh&aé theugthatdonibe sriisaoiadisntintimgediysiative masks
are presented in ﬂ;gur_e 12, wherein 1201 is the mask respective of the horizontal gradient and 1202 is
the mask re$feceBQdimsat ea9ise é“éd%@?ﬂ?‘l‘ﬁ§%@H‘ﬂ%’ﬁ6ﬁrﬁﬁﬁtotﬁ%dfﬁﬁ§ﬁété%% e ghanee
non-limiting and ithe sheing & windanebas is iftesesisiz e-the maiskeenotiggehange accordingly.
e a9 e e KhaHiR "o, Gl foin R RAARSy e AL thans
Computer Vision".
" 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



The output of the Sobel operator is two functions. Namely, these are fx for the horizontal gradient
andfy for the vertical gradient. These functions are combined to 20 obtain the gradient image .4 in

accordance With,BgationL: ig = Ifr2fy2 Equation 1 Image 4 forms the inputpfer s, snppi@hition
operation presented in Equation 1 TEM (x,y)=L rwA 2 -7 id zdlg(x+i,y+i) w.in-uX)=-%. 25Equation 2

Wherein: TEM stands for Texture Energy Measu[elga[ld according to the embodiment it is
computed for each pixel in every one of the in images In die series; 30x and y stand for e central pixel

central pixel xy s T e el e o T R e eiont
The result of opBHERHGTE dioatiRRdieity casshpptioniis avedy thitdeissaapeicoPb furilewsregpiitages.
For th? texture QRRIEN-17ANS Qﬁﬁﬂﬁhb@j@éﬂWgéﬁ%ﬂm%m%P@%ﬁedﬂmﬁﬁcﬁ*%ﬁﬁe with
Equation 3: limiting.

5 As illustrated in the flowchart, according to the embodiment, in 801 image
quality is assessed for the k images in the series while in 802 registration and
resampling is performed, bringing all the series' images to the current image plane.

Presently, two embodiments are considered. According to one of these
embodiments, it is assumed that all the acquired images used according to the invention

10 are valid images having an acceptable quality. Therefore, according to this embodiment,

801 may be skipped. However, those irersed 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 s
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).



R=12x TEM ax TEM b,;0 R <1 (TEM + TEM hi, ) Equation 3 Wherein 10R is the set of normalized
texture differences; TEMb is the result obtained by operating Equation 1 on Imageb; TEMb is the result
obtained by operating Equation 1 on Image b; TEM,. is (TEMb)2; and TEMbb is ( TEMb)2. 15It can be
appreciated tN® I ¥Bally identical images a and b, TEMbb= TEMbb= TEXIEE WHErein TEMDD is
(TEMb x TEMD), and therefore R equals zero. However, the bigger is the difference between the
images the smaller is the value of TEM XTEIVI b = TEMBbb, and therefore 1? approaches 1. Ris
the normalized local texture difference or the likelihood of discrepancy in 20 texture. |t reflects the

probability that a discrelPaAchressstnBetllcds SRR BixHeVRIRT PN SFSHER Hparta s thé%barallel

pixel in (tjh; seconfdma@tincludtie aplodinantwlessn s gtatoritiareflrproceskinpreaabsing the local
texture difference, R, is.non-limiting and additipnal/alternative odimenis are allowed if applicable.
One such embolith tsig%?eeér’glﬂ?@ %Pektrgﬁ e?%ofﬁgs%%%%e@ba&gf%h%% and Equation 5: G

-1- exp(- f x ph,c) Equatiisrioitithotab e of T\ xjmple(@ERig)eE§ datigrogps ofacquired gmagrs Gb are
the G values LORPUIHIR BF GRUIRNASHALE-AERRAIRHRIP Al A0, BRHIBIRIGPadgaRartively: |

represents reflection of a pixe
images are groups of more than two (e.g. three, four, five, etc.) acquired images, the

same principles apply, with some modifications as detailed above.
Figure 9 is a flowchart describing exemplary operations taken during feature
extraction 806, according to one alternative embodiment of the invention, while Figure
10 10 is a block diagram schematically illustrating exemplary modules operative in the
feature extraction module 704, according to the embodiment. The feature extraction's
products are later used for determining likelihood of discrepancy, as was illustrated with
reference to Figure 8.
Accdrding 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 qual 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 mentione
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,



= mean(f), the mean reflection of pixels in an extended neighborhood of the pixel; and k is a constant.
For a non-limiting example, k=0.3.  According to the embodiment, the extended neighborhood of a
pixel covers trge fig,Hag,target size. However, this is non-limiting and othggyafisgisegiay: exist, if
applicable. However, it should be appreciated that the extended neighborhood is larger 10 in size than
the targetness sliding window size as well as the expes, ed target size.  Itis explained that Equation
4 is a normalizing function, transferring values into a 0-1 range. Here it was presented in connection

with Equation S B@RIREAIRN L SaneNsEdRISRIIRIES Wl BEGISNBUIRGIR Fioe 11,

S
explained, with reference to Figure 7, that 15 for localtexture, Equation 1 may form part of the feature

extraction modutarrow syperie qlicf srmainag, sy hisacoanepiiono thadiisrend Phrtaetsristg B to
Figure 11, furtheg iRRIATISHNGI ERY At/ AI0F dBrhpRaen thdfddfthe 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 accHRiskaAdRg Ehatatlh BvsaBRiuAS 18 il Hislk Qb drages ABMAR:
illustrating the lasabidisutsmaeiets H00W, deceiding tdaatiamocimestapbibeidrnd tiimmniBeit is the
mask generator Whe.reip [r}nasks egsqenerat%g. 1302 i§ the Sopel Q&eraépr. &1%03 aaetexture energy
measure modulgfalg lélézu‘b SNCoh 853?’5%&%%5? fSt 6%{5*‘.%‘.%& AT , fﬁereﬁgrﬁ. Th this module
texture energy measurdiscsemplatischosepravided 109rd304 ssnephifyr fusthve ¢xplanationcditenditges
module. It is COL{B'&% &éﬁﬁaf&’g%ﬁrﬁaﬁm&%ﬂ?E%&%ﬁ&’ﬁ‘k@%@ﬁgvlﬁiﬁﬁgww%t&?%c&%&éet of

normalized texture differences (see 1104). Further to explaining local texture extraction, attention

is moved towarddemtife hriEsconsirertigns d heneenbeing 2ble doo ppdereeclogm Lo eHaNsa gRSEINd.
Because anglysiaisnpetiphiredinasidingsvinde worhese: s e fapniediisdb epsraaisiaathis 30
appreciated that the embodiment emphasizes targets over the immediate back r?%?d thereof. It
was mentioned HB#8Fe 12 tHHoD: amalysi-oftseret b iragssmalsalion 5&%‘8 OB EGrily
identical to the siidsegiorof aslisechiprutaedbiaidstragedipuiation. - 24 - Hence, the sliding window
respective of targetness computation constitutes a "targgtness sliding,window"..T'he target sliding
window's size is frequZ%tY;v/ag IéelYécrn{% o )ff?e aar‘agjeet'gizgg e&nﬁ%@% Srtecgsl}g%'l gﬂ ﬂwglﬁqtﬁgc ogéﬁef' Z?(ture
sliding window'sesibediFirntsasit i distemtivingithiaga fggure sexstighinpwinglisling striado e exscribed
pelow. 5 THs 1HQELAMECH I A" KANR 0 L RAIARORIC IR GRIMBRTILE TRRRTS

generated by the background. The target aracteristic implementéd in"accordance with certain

embodiments ofcanstprelsdrinithe sirsrave el wreenizad avengmidhenchabaehifspsyvideddyismages
and the backgrouagktigi&ddndRORISRNYiFeBIRSSSUS hig1AncHohivA R srahiResuiBHAEaebS,

reflection into a 0-1 range, wherein 10 black (low reflection) pixels are represented %Ofg%ile white
pixels (higher reﬁ%@ﬁ)rﬁnﬁ]@’l‘%ﬁ}’e%ﬁ‘ﬂm s B PE AR P ot 5L BUSRFRAIRAISE can be
done, for exampla:cisrdiggote amas sxithiieuaiiD g indianatats ad oy entidsipdig Carthisfargdiness can

be computed, e.g., in accordance with Equation .. .
P 20 1%ciu9rement 90 Qetec cons cgons 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



6: Fin Gl 15n 11Gf-FITai Equation 6 Wherein O<G <1 and = it is the number of
pixels forming the targetness sliding window; 20and T stands for targetness value. It should
appreciated hence that 0 < T <1 The reinforcement operator in the Equation 6 is 3 fu(%y logic
operator charQ2¥873%%oliowing: in a case when all inputs are high, e.g. AR VAILES 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 Iow'.%.lg'. lower than 0.5, the operator generates

values of T Idwer than any input values Gj. In generality, the full reinforcement operator strengthens
high value pixel§°£?f8‘\ﬁf’eéﬂ<gt‘g§‘ﬁ/\}l%é]ﬂé?ﬁ)&g?g.lemeﬁ‘?g’t&rg%’fﬁ@géeslﬁﬁr%e\/gﬂ’?agwxéﬁg fgoﬁ%lélly a

constant size of @13 pixels. Larger window sizes can be considered such as 5x5 or 7x7 pixels, but the

3x3 window 30 is more.efficient and. therefore is ysuall ploved, However, the.window.gizg should
-25 - be always smallcf? aﬁr}etﬂgcélmg? es eta?ge 0 frll%é%:es ."F%?F\l’z“@rﬁ?é‘?’ \i‘f?tﬁéns&rﬁ%h:éjs%ga%%t of
interest is 4x4 piestsrthslidihe windewleds titohelpwinsavrkizbheiicptdtatutslysiraloniztad grngihgilest

target is of 5x5 RixeIRy g IR GRIRSRRidRGYIade Yol S he G pERBpefoRtSea  IPLaBuhenay be

considered as we. 5Similar to R with localtexture (whether based on Equation 2 or on Equation 5), it is
possible to calcitabigheam&mibisa terthrsersgrard inrtha arigpidmargarresssingwit s tohsdtetethiitly that T
represents the t3@gpaASHIMRIHO PR (suanteixelil samkecanmlyerornasaiol dpeaadatingel in the
e S s P S AR I e coman el
targetness likelihood offuiatigpartiny eganpleas asldiltiandieheslotdbtextpesgin icaseobpdduiceaith
Equation 7: 10 texture sliding window, for example, two masks, constituting "convolution kernels", are
created in 1101, one for the horizontal gradient and the other for the vertical gradient.
These illustrative masks are presented in Figure 12, wherein 1201 is the mask
respective of the horizontal gradient and 1202 is the mask respective of the vertical |
gradient. It is noted though that the illustrated masks are non-limiting and if the sliding
15 window has a different size the masks would change accordingly.
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 £, for the vertical gradient. These functions are combined to

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

Ig=1/ff+fyz

Equation 1

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

1 4 &G, .
TEM(x,y)= _|— >, D1 (x+i,y+J)
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 # images in

the series;

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



Taw- iTax(1-10+11 x(I-7,) Equation 7 15It 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 theyiabgetiaesse  Turning to local entropy calculation, the local grniyapylosbmean two .
images image, and images, is calculated in accordance with Equation 8: 20HO, ]).pk(i, j) log 2[Toi0, j)]
Equation 8 Wherein: pk(i, ) =AkQ,j) k=1,2; .14(i, j) + 2(, j) j) =j) + C bo(j, j) and 12- (C.@, }))2 +
(Cab(i, j))2 -2 C.(i, D-Cab(i, j)+ 4 .j))12 25 C ry(i, ) = ERimagey(i, j)- E(imagey(1,1))] x EKimage y(1, ))
E(imagey(i,] Wherein E[..] is the expaciatias, aRESRAr @islidRBRiaR ARIMEMeaIGHRIbSIamgriance

matrix of imagex and imagey. - 26 - It is to be noted that according to the last equation: j) = Ekimage
(I, )- E(image a (1, j))]x EKm3Béa(s speaneieag, hyt i€ B anphredaniabety, - Eimageal, j)ix

Ekimageb(i, j)- E(imageb(i, j))*] ~ w is the local texture sliding window's width and height.
The result of operating Equation 2 on each pixel in every image is a set of
5 texture energy images. For the texture enmergy image of each pixel normalized
differences are processed in accordance with Equation 3:

2xTEM, xTEM, o » 1

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 Image;
TEM,q is (TEM,)*; and
TEM,y is (TEMy).

15 It can be‘appreciated that for two totally identical images a and b, TEM,~
TEMy= 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 ,x TEM, = 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-expl-f/k i)
Equation 4
R =abs(G(TEM ) - G,(TEM,))
Equation 5

30 Wherein:



Cbay(i, j)= Ekimageb(1, 1)- E(imageb(i, j))1x Ekimagea (i, j)- E(imagea(i, j))*] 5Cbb (i, = E[(imageb(i, ))-
E(imageb(i, j))] x E[(imageb(i, j)- E(imageb(i, j))*] As an exemplary alternative to the calculation

performed in Equation 8, it is also possible to operate a reinforcement operator alized
eigenvalues (%’g(ﬁbﬁlé)gé%gr%ing to the following equation: j) LDH(I(PIO, * - P‘%}ﬁ; ?}‘}(ﬁﬁéﬂ)y 0- 1)20,

jD+ -* (P20, A 10Each pixel within H(i,) represents the local entropy value of the corresponding pixel.
The higher the value is, the higher the likelihood of digér'epancy IS. Each pixel within LDH(ig)
represents the likelihood of discrepancy based on the normalized %i;penvalu%of ttg covgriance matrix

C()/. The higher the value is the higHePRHEARIRST YPHREFRBRNST L AFERHENSHS RAtS Rt such
calculations of the local entrdpy Erelsiarkrexaapickabepatispdstivehglculating it and, accordingly, other

methods may be utilized for calculat{i']ngethe é%%a}fle%ngt%pﬁ/bf a gtgpo ld he appreciated that the

exemplary embodiments of the inve tloﬁrﬁ?esente above computes thiee characteristics for the

purpose of detecting 20 discrepancigs between(iMages ndamalficthiescot ixakidnsiice:asadedal
texture, entropy and targetness. As noted above, as a person of ordinary skill in the art can appreciate,
less and/or additional and/orisigbberherdebihapixshrbe utilized for that purpose. The overall

likelihood of discrepancy, LD, at eagh{i@hii-c0meriambiclengiskagpng kL) previously calculated for
the different characteristics. For example,.in the exaég%ple of 25 combi (i)rl%lo al.texture and targetness,
(568

the overall LD is compOtSarBUe oihbnSi fPhrsiimenh (83 & efelide 4

qugti%%( S(r)‘llzeaﬁation 5
above) and the thealtiaigdiaeagetitier Havt e, (HieiE nomdioi g ode)therg/asieoty diay ¢sifgifation 9
below: LD =R *a-p!-p Efgab g. YFwa”éJé ,F\;‘) *s}{%ulg%lp appreciated that the extended neighborhood is larger

10 in size than the targetness sliding window size as well as the expected target size.

It is explained that Equation 4 is a normalizing function, transferring values into
a 0-1 range. Here it was presented in connection with Equation 5 however Equation 4
can be used elsewhere as well.

Before returning to Figure 11, it is explained, with reference to Figure 7, that

15 for local texture, Equation 1 may form part of 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.



-27 - Inlight of the previous paragraph, notice that Equation 9 represents in fact a particular case
of Equation 6 for the case of two variables only, e.g. R and TM: However if the number of
characteristicggsqf {g-assess the likelihood of discrepancy is higher than twey R4t & above
should be used where in that case it should be the 5 actual number of characteristics employed to
assess the likelihood of discrepancy, LD.  Once theJ,D is calculated for a certain group of images
(in the above example images a and b), an intermediate enhanced image can be calculated, for
example accordj Equation:10: ml2 = | (1 - im = | - LQEquation
10  Wherein iﬁ%ggét at t%?éalﬁ"s I&:’%é%:?%?gegﬂé ?g%@é&%fé%r%%géﬁﬁ%ﬁgﬂ%ﬂ?ﬁ% (t)?rt%%(g"e%hanced
selected image""taigeireseliding windawty Jdre tacgensayeliding windosrs sineas dernenilyesraalithg to the
selected image)dap 3Rk Alh SFERURSTHNIRESRS sRIBSPHIRA G IR REERKe alReDvimaBas sifeEquation
10 will represent that image 15 (the selected image or the enhanced selected image), In other cases,
image., can rep@&%@éﬁ@%ﬁhﬁé@ﬁﬂ‘?ﬁ%%ﬁ%ﬁ” BBl E ?f‘ﬁ%?‘?fi &\9%¥ion 10
above, that far a very |ahedigpet pafeysvalde: SR Phlgdrienarite sgaidr irsaged)npgedni? dsthe
constraint average of the two input images jmage. imageb. On the gther.hand..for very high
discrepancies v S‘ggse.%fn%?ﬁf yr@ﬁ gﬂ%%%ogl.?.dFo gny u&?ﬁserc\l}a ﬁéée&s 8|csclfn lgﬁlg)r/l%éﬁ{g.ubdDﬂ
the intermediateaettirdmgzd iithgenail? dgibodinighte £ tebinetéton ivatnton fughssnenhaiess thean of
the two images ge{Biagey MYED vasPlaARIRS g aRisalRgnAgCIEE PalAaCRplccted
image if such image is part of the group of images corresponding to the calculated LD). It can be - -
appreciated thaﬁﬂﬁf&@@ﬁsi@ecﬁqgmi@m@asnar@a%mg thedlgeees \Kﬂgéﬂlﬂﬁél’é%f?cbﬁ%ﬁ%ié”b?%sed. In
the calculatign dagexipR% abRVidhepMekerhR f-b daldeoy 0 WRiweIERE PR [BadiaddmagRdy the
calculation is higher. It is to be noted that the background image (MTMLI",") can be calculated in
accordance witrPtRESRIFSHRISY BYdatbshostipsirnderstoed I%ﬂﬁga@‘gm IZRtRR 671 Se,dpps, for
min(imageb,imagetmplgindteordatrOrat B0AROORE dppchd@b6¥801071 - 28 - It is to be noted
that the inclusive image, (M7'ML""a) can be calculated in accordance .with the followi uation:
ml2ma = (1- LD) (imag%ésiziﬁ%&ésﬁeﬁ%ﬁeﬁa‘%’rﬁgg‘:@s, u%éqlég)‘?'SEq%cgﬁ(r)%laﬁ? mq?lﬁf#ﬂ%{:‘% 0
understanding tlée presented embodiments for rendering the MIML,, MTML., and MTMLbackg,,,,,,,d
images it can be appreciated that in the ROB color model (wherein ROB stands for Red, Green and

Blue, as known to those versed in the art) it is possible topEGJa single primary color (red, green or

blue) for disglaying each one of the y (P . B—
[]c,+I16
J=l Jal
Equation 6
Wherein

0<G, <l;and G, = I-G;
n is the number of pixels forming the targetness sliding window;
20 and T stands for targetness value. It should appreciated hence that
0<T <l

The reinforcement operator in the Equation 6 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



to 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 usirt§®28i@B¥Rmary color or a combination of sub-set of prima’‘ColbFE 8t ttes,
hereinafter, a "colored image". For 15 example, one embodiment uses a combination of red and blue
for displaying the MTMLbacksmund image, while gre‘e?'ﬁis used for displaying the MTML, image. If
the primary colors are balanced and if the cglored images are superimposed it can be appreciated that
in the resulting Q?&Wﬁﬁégw?m@%tﬁﬁém&{%é b e ﬁ%‘?ﬁ@%r&gﬁyﬁr@%ﬁ?ﬁ?&%ﬁe, while
objects appearirg intéhatrih achpixeld ilaghe tuignnkiatrimie wAnbMize buil Inaefartibéy teckgiound
image will appeag green. ccording to.a different example, it.is paossihle to.select, nd
cuperimpost ) AGTHIHRR A rri s s e R e ol ROk
and MTMLK, while T hthoisghidptayayl hestogsideradibiegion of red and blue while MTMLK is displayed

in green. In this examplg, RACKOFOUR HEMSekRurd ARAEHIG BSsEE GPRGAIRG 1 SO0 iMasiss, sill appear
in the black/grey/white scale, object items appearin onIXiin MTML, will appear red/pink/blue, and

objects appearirityismgssbiatmedsylntasbedikglibend of disarprieyelapnsdeidraeetnes aharell
combinations argailouachiReCaming feptesaaSthdairLtaBIP|Oalliés GOosSHlEala Yngelel famdigplaying
MTMLbackgn","th green for 30 Mitagk and blye for MTML), et Thus, displaying several.images of
a scene in ROBM@M&%&Q‘%E’&%%‘% Elate %ggﬂ?mﬁrgﬁ%r%gt’fﬁ%%en%ggaeng r%1’he
presentation of tire gipesapandiRstar@dnessinglaolofstiiriiitie pivdlagdibis andpterprethildaerson
interpreting the images) in his work of understanding of discrepancies occurring in_the scene. It is

noted thoughCth &¢I thetarasmess o e the cATEIPaRdingioixek Bbimage e ih 6B thodels
such as subtractiygifRiod BroHsisefadty, ¥hbkedwaiah stanseodaedated, dMagrnideoredew g Key that
is black) or any other model. It will be understood that the system according to the invention may be
a suitably progrdigmagdncémputer. Likewise, the invention contemplates a computer program being
readable by a computer for executing the me}hog__ 91‘ Q@_iryv?nt}og@'_h? ')nvention further contemplates
a machine-readable memory tangibly embodyifig a0 prog am”of nstiflictions executable by the
machine for executing the method of the invention. In @dgimﬁn those versed in the art would

. . . . n7 .
appreciate that a system according to the invention can be hardware. Alternatively, the system can

compose hargware angk $9 b\ adtednpen&idts calculdtivicoihbd tvpiationsia s hees ahavpleatdstescribed
with respect to particular 15 embodiments, it is not thus limited. Numerqus modifications, changes and
mprovements WIS SATPGEE T0e AT K SERL S e P S o6 O SRS A

method for comphdesipethemneration of an enhanced image based on a plurality of images, the method
comprising:

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

image, and image, is calculated in accordance with Equation 8:

2
20 H(, j) ==Y p(i, j)-log L <G, /)]

k=1
Equation 8

Wherein:

.. Ax(i, J) =1
= k=1,2;
PN 3G+ )

A, f) = %(caaa, 7)+ iy j) %
and

A(Cel, 10* +(Cols 1) = 2-Canll, ) Cl, )+ 4-[Cl,

25 C,(,J) = El(image.(i, j) - E(image, (i, J)] x E[(image, (i, j) - E(image, (i, j))*}
s w Wherein E[...] is the expectation operator and * denotes conjugate.

Cyy is the covariance matrix of image, and image,.



(a) receiving a plurality of registered images, each comprising a common area of interest; (b) receiving
processing parameters; (0) grouping said plurality of registered images into one or more groups; (d)
processing thgv 5 ~g§hin said one or more groups, wherein said processingiEqses: 10i)for
each given pixel within the common area of interest, calculating a likelihood of discrepancy between
respective pixels of the registered images of said one 2 £ more groups, thus giving rise to likelihood of
discrepancy values characterizing said given pixel; gefierating a "likelihood of discrepancy matrix"
comprising the 15'*6"'&%?&530{13%& Qg&\é@k{& gqgqué-{%ﬁ;&r ng the likelihood of discrepancy for
each pixel within the common area o nterest ||§¥or eac sal one or more groups, generating an

enhanced image while Gik&inyrs8litintikedieod ﬁ%lméln@b}hﬂwmaqﬂe‘rﬁmdfdﬁ% l,

wherein in case more ttraﬂzpn&ez[hm@ewmg@@ﬂ@emtﬁﬂ mmbﬂdzfybth@(ﬁﬁﬁgmsw*ﬂa)
grouping said enhanceg- %;gesﬂégnggg > @1 RoTR( g;; ?)lm g,gg/gl |9 §ej|d one or

more groups, wherein foc SS%‘Z gi t%é gg@ﬁlthﬂ;he c?gdmgézaocf)f

interest, caIcElIatlng a lik¢

said one or more groupss sk Wﬁéﬁ&ﬁk@'tﬁ@ﬂ@ﬂdﬂiﬁﬁ&?p&ﬁrﬂ%@ﬁsmﬁﬁ{@lwwm given
pixel; ii) generatlngm |keI|hood of discrepancy matrix" co (ﬁ]rl ng the 30l gllhood fdlsgg?g ncy

values, charact@MYSHE IRRSTAS Y SRR RTINS i IRRRRHIES S terest;
for each of said anerdingarehgfillps/igeaqiating an enhanced image

LDH(i, j)= — (Pl(i».j)?*(l - p(i, _])) _
(p(, N * A= p2i, J)) + A= pu(G, j) * (p2(i, /)

10 Eéch pixel within H(i,j) 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,y
R*ng*"(l RY*(1=T,s)

30 Equation 9



while utilizing said likelihood of discrepancy manix AMENDED SHEET - EPEA/US - 31 (c) repeating
steps (a) and (b) until a single enhanced image is created. 3.The method of claim I, wherein in case
any of said groups consists more than two images, said generating a "likeiihood of discrepancy
matrix" for tha¥ graftly8I¥8Pprises: (a) generating a likelihood of discrepan&FHRAR 0¥ feast one
possible couple within the group; (b) calculating an average likelihood of discrepancy matrix
corresponding to all likelihood of discrepancy matriceggenerated for said at least one possible
IDcouple in the group. 4.The method of claim I, wherein each pixel in said enhanced imagﬁis

calculated as a weightedighhfitkei ore o aeresapio articnithas Baupion gerrssenie &b avherein
;he weights of tlgg_r{ﬁsgpfhc% pqugqi%‘?{@rﬁe@;@? mr(?tlaggg r@g@_@tiw@ﬂ@gl _gsoigyyimgj mealéhemﬁﬁod ofd
iscrepancy matrix. 5.The method of claim 4, further comprising selecting an jmage to be enhanced,
Whara e o RSV EL TR SRR B s T AL REBTERT e
weightled cpmbinigﬂenthmpwélcﬁ@kztﬁoﬁlpé Idbekrh@hdubd mmna@mtwabuﬁaﬂeaﬁ. A bienhd tho thof claim 1,
e S A e A AR A ComPLe e AU E08 0Pl Bl Bhenst pne of sai

. 5 .
plurallty of registered images. eme claim 1, wherein said generating an en anced Image

comprises 25 reducindmetsthénl &l leaslaneds faid et grofpayisnagss iinadiebeeTirampithod of
claim 1, wherein sald PIOGESSHI ARTIGRIEIteCifeRb et ane ] hie fallawing: /p kdisgiion of a

selected image to be enhanced; a target size parameter, representing the size of an object of interest;
‘ o according to Equation 10: ,

mi2 = LD -image, + (1— LD)-(image, +image,)/ 2;
10 Equation 10

Wherein in case that the "selected image" (selected to be enhanced by a user) or
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, mi2 = (image, + image;)/2

e.g. ml2 is the constraint average of the two input images image, and images. On the

other hand, for very high discrepancies values e.g. for LD = 1, ml2 = image,. For any

20 other value of discrepancy e.g. 0<LD<1 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 (MTML,i) can be calculated in
accordance with the following equation:

20 mi2sack = (1—- LD) - (image, + image,) / 2+ LD - min(image,, image,);

Equation 8



a pixel size parameter, representing the size of an area covered by a single pixel in an image.
AMENDED SHEET - IPEA/US MCS P - 32 - 9.The method of claim 1, wherein said generating a

likelihood of di@ggﬁmgggaatrix includes: (a) computing one or more charagiesiicspsgaah of said
oft

respective pixels e Images of said one or more groups, thus giving rise to computed
ehameteristics; and (b) processing said computed ch~a£§19teristics for obtaining normalized differences
values amongst each of said respective pixels of the images of said one or more groups, constituting

the likelihood of discregancy matrix respective of the one.or mor acteristics o h id
respective 10pixels of ﬁ]ésinglogé)gs%of{esi%ggtn\({aﬁgrlﬁa?sel‘éerolﬁ%aéel . heir”ffésth%ag Cﬁeclgﬁné}%‘,t%v‘lh%égrein said
characteristics inetotitange|sath budadiawnitipwtiny: (a) local targetless calculations; 15(h) local texture
calculation; (c) local entropy calculations. 11.The method of claim 10, wherein said local texture
calculation is condplReerirrddcokibhcd immge, +image,)/ 2 + LD - max(image,, image, ),

5 Equation 12

Further to understanding the presented embodiments for rendering the MTML,,
MTML 0y, and MT "ML packground 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 MTMLackgrouna, 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



Wherein: and j5. are the output of a Sobel operator applied to pixels in each image,; xandy
stand for the central pixel of a local texture sliding window; 251 and identify pixel displacement around
the logal texture sliding window's central pixel x, y; w is the local texture sliding window's width and
height. 12. Th¥th&tHR B ew obtaining normalized differences is done in §5@P¢%W§}Rl%7bvith
AMENDED SHEET - TEA/US MCSLLP -33-R-12x TEM" x TEMb .0 + TEAft", y wherein: TEM, is
the local texture obtained for imageo amongst respecﬁ%e group; TEM, is the local texture obtained for

Imageb amongst said respective group; Take, is (TElvia)2; and . ) . )
using colors is intuitive and assists an interpreter (a person interpreting the images) in

his work of understanding of discrepancies occurring in the scene.

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 according 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.



TEM!, is (TEA4)7. 13. The method of claim 10, wherein said local targetless calculation is computed
in accordance with nG, ip T=n? 1:10, +n& 1.1 wherein: rt is the number of pixels forming a targetpess
sliding window; G j is the G value computed for a pixel] in accordance with: G =1-expe flk x,urj
15wherein: f represents reflection of a pixel; 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 Titer r- x(i-TO+ Ti X O - To) wherein 25 7: and Ti
stand for targetness (T) of corresponding pixels in Image and /mageb, respectively. IS.The method of
claim 1, wherein said group comprises two images.

«30.

CLAXVS:
L A method for computerized generation of an enhanced image based on a
plurality of images, the method comprising: ‘

(a) receiving a plurality of registered images, each comprising a conunon area

5 of interest;

(b} receiving processing parameters;

(¢) grouping said plurality of registered images into one or more groups;

€d) processing the images within said one or more groups, wherein said

processing comprises: -
10 i)  for each given pixel within the cormon area of interest, caleulating a

likelihood of discrepancy between respective pixels of the registered
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 characierizing the likelihood of

discrepancy for each pixel within the common area of interest;

jii} 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 thau one enbanced image is
genereted 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

likelibood of discrepancy between respective pizels of the registered
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 matix" comprising the

30 likelihood of discrepancy values, characterizing the likelibood of

discrepancy for each pixe! within the common ares of interest;

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

AMENDED SHEET - IPEA/US



AMENDED SHEET - MEATUS MCSLLP - 34 - 16.The method of claim 1, wherein said images are
SAR (Synthetic Aperture Radar) images. 5 /T.The method of claim 1, wherein said pluralityjotLLp
registered images originate imun more than one platform. 18.A system capable of generating an
enhanced image based on a plurality of images, the system comprises a processor operatively
connected to an image input block 10 and it processing parameters input block;  said image input
block is configured to receive a plurality of registered images, each comprising-a common Pita of
interest;  said processing parameter input block is configured to receive processing parameters;
15said processor is configured to group said plurality of registered 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, calclilate a likelihood of discrepancy between

respective pixels of the (goisigiash2ARaIes ) 3aith ARG CLINRLE HIHR R Se S giving rise to likelihood
of discrepancy values characterizing said given pixel; if) generate a "likelihood of discrepancy matrix"

comprising the likeligoodﬁjqugg{sg?qu{,val es and charae%eri i(?guthe Iikegihoodﬁggdiscrepancy for
0

. ey v frp 1, whergin in case of sai consists more
each plxel within the common area O]c: Interest: ?gfor eacli or sal r‘lpeS or more groups, generate an

enhanced image two images, said generating a "fikelihood of discrepancy matrix" for that group
5 comprises:
(8) penerating a likelihood of discrepancy matrix for at Jeast 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 .
10 couple in the group. -

4, The method of claim. 1, wherein each pixel in said enhanced image is calculated

as & 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 likelthood of discrepancy matyix.

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

wherein the pinel comesponding to the selected image is provided with additional

weight in fhe weighted combination proportional to the likelihood of discrepancy value,
20

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

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

7. The method of claim 1, wherein suid generating an enhanced image comprises
25 reducing noise in at least one of said plurality of registered images.

8. The method of claim 1, wherein said processing parareters include at least one
of the following:
(#) an indication of a selected image to be enhanced;
30 (b) =a tarpet 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.

AMENDED SHEET - IPEA/US



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 leddtthiel. P
following: 3D(a) group said enhanced images into one or more groups; (b) process the images within
said one or nu= voups, including at least the following: - 35 - I)for each given pixel within the common
area of interest, calculate a likelihood of discrepancy between respective pixels of the registered
images of said one or more groups, thus giving:rise to likelihood of discrepancy values characterizing
said given pixel; generate 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;
for each of said one or more groups, generate an enhanced image while utilizing said likelihood of
discrepancy matrix 10(e) repeat steps (a) and (b) UHtil a single enhanced image is created. 20.The
system of claim 18, furthef, commisipgia.disRiavwhereln.saltl PLaReES0s i futhgngonfigured to display
said enhanced imag%ogigﬂggegisplay. 15 21.The system of claim 18, wherein in case any of said
groups consists momttrh two images, said generate a "likelihood of discr_ega,n%/ rpatrix" for that
group comprises: (a) ge%gra‘i%mﬂ‘ﬂr(’ RSO SIeEraPATEy AtAR S APET e pdssible couple within
the group: 20(b) calculate artaVBrEHfikaHNEE POFARE FEREn B iRk B5rR SPBREMg to all likelinood of
discrepancy matrices gener&teddeistigiamt least one possible couple in the group. 22. The system of
claim 18, wherein each flixebirceaig emiithnoegurdaghrigedddulafed 28nna weighitedl combination
between respective pixels olithia-dmragas-ntaag i sinerajsdhe weagbimofiheyespective pixels are
defined by their respective vaiyes withifaeukahenk ol i SRBRAACY JMatibtey matrix
respective of the one or more chacacteristics of each of said respective -
10 pixels of the images of said one or more groups.

16,  The method of claim 9, wherein said characteristics include 2t least one of the
following:
{2} local targeiness calculations;
15 {b) loval texture calculation;
{¢) local entropy calculations.

11, The method of claim 10, wherein said local texture calculation is computed in
accordance with '

F 4
20 Igr—nif -E»fy

¥v &

TEM(x,y)mJ *2 é fzj(xw,yu)
W e

Wherein:
Jx and f; are the ouiput of a Sobel operator applied to pixels in ecach image;
x and y stand for the central pixel of a local texture sliding window;
25 i and j identify pixel displacernent around the Jocal texture sliding window's
ventral pixel x, y;
w is the local texture sliding window's width and height.

i2. = The method of claim 13, wheisin obiaining normalized differences is done in
30 accordance with

AMENDED SHEET - IPEA/US



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 proMi@éd viith
additional weight in the weightt.d combination proportional to the likelihood of discrepancy value.
AMENDEDET - IPEA/LIS MCS L L p -36- 24. The system of claim 18, wherein said processor is
configured to perform an enhancement of the contrast of at least one of said plurality of registered
images during generation of an enhanced image. 5 25.The system of aim 18, wherein said processor
is configured to reduce noise in at least one of said plurality of registered images during generation of
an enhanced image. 26,The system of claim 18, wherein said processing parameters include at least
one 10 of the following: (a) an indication of a selected image to be enhanced; get size parameter,
representing the size of an object of illitTeSt; (c) a'5i3><"el size parameter, representing the size of an
area covered by a single pixghin afzimage; 27.The system of claim 18, wherein said processor is
configured to perforrﬁ"élﬂm)ﬁi%gﬁeps during said generation of a likelihood of discrepancy
matrix: (a) compute one ofmare characteristics for each of said respective pixels of the irnages of said

one or more groups, thus glving fise t compgg%gd?hz%racteristicsz; andn(/t%) rocess said computed
characteristics to obtain ng‘%}r(rifpa{ |§£§Sé°%?? erences vajues. ‘fégreﬁgﬁ(ér?ts eath o g%l’ﬁ”respective pixels of the

images of said one or mof&XgrSHsL IR TG Tha e BRI B HIS BT Whatrix respective of the

one or more charécteristid&6# b4FFof sadd respective pixels of the images of said one or more groups.
TEMyy is (TEMG).

13.  The method of claim 10, wherein said local targetness caleulation is computed in “
accordance with
"
116,
0 Tsmp ity
Ile,+1]6,
Jel Jwl
wherein:
7 is the number of pixels forming a targetness sliding window;
Gy is the G value computed for a pixel / in accordance with:
G =1exp(~ [k o)

1$ wherein:

f represents reflection of a pixel;

Fioe = mg“"(f), the mean reflection of pixels iz an extended neighborhood of
the pixel;
& is a constant.
20
14.  The method of claim 13, wherein obwining normalized differences is done in
accordance with
Ty =T, xQ~T,)+ T, xQ-T,)
wherein

25 7, mnd 7, stand for targetness (T} of corresponding pixels in Jmage, and Fmages,

respectively.

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

AMENDED SHEET - IPEA/US



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; (e) local canopy calculations. AMENDELS L LP
SHEET - IPEMUS MCSLLP - 37 - 29.The system of claim 28, wherein said processor is configured to
perform local texture calculation in accordance with Is yin? W %fr.""X Wherein: andfy are the output of
a Sobel operator applied to pixels in each image; x and y stead for the central pixel of a local texture
sliding window; | and f identify pixel displacement around the local texture sliding window's central
pixel x,y; 10 w is the load 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

o4

16.  The method of claim 1, wherein said images are SAR (Synthetic Aperture
Radar) images.

s 17. The method of claim 1, wherein sald phwality of repistered images originate
from more than one platform.

18. A system capable of generating an enhanced imape based on a plurality of
images, the systemn comprises a processor operatively connected to an image input block -
1¢  and a processing parameters input black; '
said fmape input block is configured to receive a plurality of registered images,
each comprising a common area of interest;
said processing parameter input block is configured to receive processing
parameters; '

15 said processor iz configured to group said plurality of registered 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 &
likelihood of discrepancy between regpective pixels of the registered

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

diserepancy values characterizing said given pixel;

ii) generate a "likelihood of discrepancy matrix" comprising the
likelihood of discrepancy valugs and characterizing the likeiihood of
discrepancy for each pixel within the common aren of interest;

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

while uiilizing said likelihood of discrepatioy matrix,

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

AMENDED SHEET - IPEA/US



R = 2x 7E/4 XTEgh ,0 R <1 15wherein: TEMG is the local texture obtained for Image a amon
respective group; TH.114 is the local texture obtained for Imageb amongst said respective dﬁi

st

LPEN

is (TE/1/02; and TEMso is (TEMs)2- 20 31. The system of claim 28, wherein said local targctness

calculation is computed in accordance with T4 Jp.1 wherein: 25 it is the number of pixels forming a
targetness sliding window; G3 is the G value computed for a pbcel j in accordance with: =.1-//IC )C
Plot) AMENDED SHEET - MENUS - 38 - wherein: f represents reflection of a pixel; ea ), the mean
reflection of pixels in art extended neighborhood of the pixel; k is a constant.

10

15

20

25

30

.35

§)  for each given pixel within the common area of interest, calcunlate a
likelihood of discrepancy between respective pixels of the registered
images of said one or more groups, thus giving tise to Hkelihood of
discrepancy values characierizing sald given pixel;

i) penerate a "likelihood of discrepancy wmatix" comprising the
likelihood of discrepancy valuss, characterizing the likelihood of
discrepancy for each pixel within the common arce of interest;

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

(&) repeat steps (&) and (b) until a sinple 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,
21.  The systemn of claim 18, wherein in case any of said groups consists more than
two images, said generate z "likelihood of discrepancy matrix® for that group
comprises:

() pgenerate a Kikelihood of discrepancy matrix for at least one possible couple

within the group;
(b) caleulate an average likelihood of discrepancy mattix corresponding to all

Bikelihood of discrepancy matrices generated for said at least one possible

couple in the group.

22.  Thesystem of claim 18, wherein each pixel in said enhanced image is caleuiated
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 s
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 likelibood of discrepancy value,
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32.The system of claim 31, wherein said processor is configured to obtain normalized differences in
accordance with 10wherein 7; and T stand fin T of corresponding pixels in Mogen and ImanMCSLLP
respectively. The system of claim 18 wherein said group comprises two images. 15 34.The system of
claim 18, wherein said images are SAX (Synthetic Aperture Radar) images. 35. The system of claim
18, wliarehi said plurality of registered 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 SAR images, the method comprising. (a) receiving a plurality of registered BAR images,
each.comprising a conunon area of interest; 25(b) receiving processing parameters; (c) grouping said
plurality of registered SAR images into one or more groups; (d) processing the SAX images within said
one or more groups, wherein said processing corﬁﬁ??ées: i)for each given pixel within the common
area of interest, caleylating.a3@liketinaed of disere panpylaiwrannrspediyapnels of the registered

SAR images of saidQhe- ol GF QMRS Sl SSMRCFSR [Rdkg Bogaotsiscranangy characterizing
said given pixel; AMgI;thz%%rpotsaggng céd\zl\rgaggAe_/us

5 25. The system of claim 18, wherein said prooessor is configured to reduce noise in
at least one of said plurality of registered images during generation of an enbanced

image.

26,  The system of claim 18, wherein said processing parameters inciu;ie at Jeast one
10 of the following:
(8) an indication of & selected image to be enbanced;
{b) atarget size parameter, representing the size of an object of interest;
{c) a pixel size parameter, representing the size of an aren 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:
(8) 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 charecteristics 1o obtain normalized differences
values amongst each of said respective pixels of the images of said one or
more groups, constituting the likelihood of diserepancy matrix respective of
the one or more characteristios 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:
{8) local targetness calcilations;
30 () local texture celculation;
{} local entropy calculations,
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- 39 - ii) generating a "likelihood of discrepancy matrix" comprising the likelihood of discrepancy
values, characterizing the likelihood of discrepancy for each pixel within the common area gigterest;
ill) for each of said one or MOM groups, generating an enhanced SAR 5image while utilizing said
likelihood of discrepancy matrix. 37. The method of claim 36, wherein in ease 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, wherem
said processing comprises: for each given pixel within the common arca of interest, calculating a
likelihood of discrepancy between respective pixels of the registered SAR images of said one or more
group; thus giving rise to likelihood 150f discrepancy values characterizing said given pixel; generating
a "likelihood of discrepancy matrix" comprising the ikelihood of discrepancy values, characterizing the

likelihood of disetepa#icy fiae eagh Bix@linnithindhe carmpoasarsadaiijaieresitiyiosraach of said one or

more groups, genergiing. an-anhanced.SAR ipage while utilizing said likelihood of discrepancy matrix
(c) repeating steps (a) a ntil a single enhanced SAR image is created. 38.The method of claim

36, wherein in case &y § salel groups consists more than two SAR images, said generating a

"likelihood of diserePancy matnix* comprises.. (a) generating a likelihood of
discrepancy matrix fopa(igas 0 /ilgfe:em,upJga)within the group;
W =%

5 Wherein:
Jeand fare the output of & Sobel operator applied to pixels in each image;
x and y stand for the centyal pixel of a locel texture sliding windoyv; -
{ and j identify pixel displacement around the local texture sliding window's
ceniral pixel x, y;
16w 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 , = TEM,

R=l-
TEM , +TEM,,)

NS R<1

a

15 wherein:
TEM,is the local texture obtained for Image, amongst respective group;
TEM; is the local texture obtained for Imagey, amongst said respective group;
TEM g i3 (TEM,)%; and
TEMys is (TEMY.

31.  The system of claim 28, wherein said local targstness calculation is computed in
gecordance with

11¢;

St

Tﬁm; .
I1G,+I]6s

Jvl Jet
wherein:
25 » is the number of pixels forming a targetoess sliding window;
G, is the G value computed for a pixel J in accordance with:

G zl”exP(‘“f/k"ﬂm)
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(b) calculating an average likelihood of discrepancy matrix corresponding to all likelihood of
discrepancy matrices generated for said at least one possible 30couple in the group. 39. THéGHétHbd
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 AMENDED SHEET - IPEAAJS MCSLLP -40-the
group, wherein the weights of the respective pixels are defined by their respective values within the
likelihood of discrepancy matrix. 40. The method of claim 39, further comprising selecting a SAR
image to be 5 enhanced, wherein the pixel corresponding to the selected SAR image is provided with
additional weight in the weighted combination proportional to the likelihood of discrepancy value. 41.
The method of claim 36, wherein said generating an enhanced SAR image Il) comprises improving the
contrast of at least one of said plurality of register"e%f SAR images. 42. The method of claim 36,
wherein said generating gg&hanced SAR image comprises reducing noise in at least one of said
plurality of registered SAI}images. is 43.The method of claim 36, wherein said processing parameters
include at least one of the fEERAREI=trf &R%ftication of a selected SAR image to be enhanced; (b)
a target size parameter, répreserritg the sizeraf.amoligatiofinierasted nightyropixel size parameter,
representing the size of ag.afga covered by a single 20pixel in a SAR image.

s k is a constant.

32.  The system of claim 31, wherein said processor is configured to obtain
nosmalized differences in accordance with
Tap =LxQ-T )+ T, xQ-T,)

10 wherein

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

¢
33,  Thesystem of olaim 18 wherein said group comprises two images.

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

35,  The system of claim 18, wherein said plurality of registered 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 SAR images, the method comprising:
{a) receiving a plurality of registered SAR images, each.comprising a common
area of interest;
25 {b) receiving processing parameters;
(¢) grouping said plurality of registered SAR images into one or more groups;
{d}) processing the SAR iraages within said one or more groups, wherein said
processing comprises:
By  for each given pixel within the common arca of interest, caloulating a
30 likelibood of discrepancy between respective pixels of the repistered
SAR images of said one or more groups, thus giving rise to likelihood

of discrepancy characterizing said given pixel;
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44.The method of claim 36, wherein said generating a likelihood of discrepancy =nix includes: (a)
computing one or more characteristics for each of said respective pixels of 25the SAR im f.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 50discrepancy matrix
respective of the one or more characteristics of each of said respective pixels of the SAltimages of
said one or more groups. AMENDED SHEET - WEA/US MC SLL P - 41 - 45.The method of claim 44,
wherein said characteristics include at least one of the following: (a) local targetness calculations; (b)
local texture calculation; (e) local entropy calculations. 46.The method of claim 45, wherein said local
texture calculation is computed in accordance with % 2

ii) generating @ “likelthood of discrepancy matix" comprising the
likelihood of discrepancy wvalues, characterizing the likelihood of
disczepancy for each pixel within the common area of interest;

i) for cach of grid one or more proups, generaiing an enbanced SAR

5 image while utilizing said Jikelihood of discrepancy matrx.

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 fmages 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 cornmon area of interest, caloulating a
likelihvod of disé:epancy between respective pixels of the registered
SAR images of said one or more groups, thus giving rise to likelihood
15 : of disurepancy values characterizing said given pixel;
if) penerating a "likelihood of discrepancy matrix" comprising the
likelihood of discrepancy values, characterizing the likelihood of
discrepancy for cach pixel within the common area, of interest;
i) for each of said one or more groups, generating an enhanced SAR
o 2b image while utilizing said Hkelihood 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 diserepancy matrix" for that group
25 cbmprises:
{a) generating a likelihood of discrepancy matrix for at least one possible
couple within the group;
(b) caloulating an average likelihood of discrepancy matrix corresponding to all
iikelihood 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
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to TEMI g2Y +.0 Wherein: Jr and fp 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 iderifyspixel
displacement around the local texture sliding window's 15central pixel X, y; IP is the local texture
sliding window's width and height. 47. The method of claim 46, wherein obtaining normalized
differences is done in =order= with 2 x TEM, x TEM& 20 R =1 (TEM., + TEM "),0 R <1 wherein: TEIVf,
Is the local texture obtained for Image" amongst respective group; TEMb is the Jocal texture obtained
for Imagefr amongst said respective group; TE/14, is (TEMaz; and 25TENN, is (TEM. 48. The method
of claim 45, wherein said local targetness calculation is computed in accordance with MCSLLP T
1161 riG pT1.1

wd()

the proup, wherein the weights of the respective pixels are defined by their respective
values within the likelihood of discrepancy matrix.

40, The method of claim 39, further comprising selecting a SAR image to be

5 enhanced, wherein the pixel corresponding to the selected SAR image is provided with
additional weight in the weighted combination proportional to the likelihood of
discrepancy value.

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

images. ‘ :

42,  The metbod of claimn 36, wherein seid generating an enbanced SAR image

comprises reducing noise in at least one of said plurality of registered SAR imapes.

15 43.  The method of claim 36, wherein said processing parameters include at Jeast one
of the following:
(a) an indication of a selected SAR image to be enhanced;
(b) atarpet size parameter, representing the size of an object of interest;
(¢} & pixel size prrameter, 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
characteristios; and
(b) processing sald computed characteristics for obfaining normalized
differences values amomngst each of said respective pixels of the SAR
imapes of ssid one or more groups, constituting the Lkelihood of
30 discrepancy matrix respective of the one or more characteristics of sach of
said respective pixels of the SAR. images of said one or more groups.
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wherein: n is the number of pixels foaming a targetness sliding window; 01 is the 0 value computed for
a pixelj in accordance with: 0 =11 Ik x Pew) wherein: | represents refimtion of a pixel; m%@;lﬁt e
mean reflection of pixels in an extended neighborhood of the pixel; 10k is a constant. 49. The method
of claim 48, wherein obtaining normalizad differences is done in accordance with wherein is 79 and Tb
stand for T of corresponding pixels in imagea and imageb, respectively. 50. The method of claim 36,
wherein said group campuses two SAR images. 51. The method of claim 36, wherein said plurality
of registered S 20 originate from more than one platform. 52. A system capable of generating an
enhanced SAX (Synthetic Aperture Radar) image based on a plurality of SAX images, the system
comprises a processor operatively connected to an jmage input block and a processing parameters
input block; 25said image input block is configured to receive a plurality of registered SAX images,
each comprising a cesnmanearemc@hbirierest; whesniship conesaingiasrmin et Estisp L ikock is configured
to receive processing,pasfagneters; AMENDED SHEET - IPEA/US MCSLLP

(#) local targetness calenlations;

{by logal texture egleulation;

5 {¢) local entropy caleulations.

46.  The method of claim 435, wherein said local textare calculation is computed in
scgordance with

5\}];2+ny ) “,
10 TEM(x,y)= J é él by +))

Vi 1
Wherein:
Je and £, are the output of a Sobel operator epplied to pixels in each SAR image;
x and y stand for the central pixel of a local fexture sliding window;
# and J identify pixel displacement around the local texture sliding window’s

15 central pixel x, y;
w is the loca) texture sliding window's width and height,

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

2% TEM, x TEM
=l L R<
20 Rl + TEM )

wherein: .
TEM, is the local texture obtained for image, amongst respective group;
TEM, is the local texture obtained for Jmage, amongst said respective group;
TEM is (TEM,)Y; end

25 TEM is (TEMY.

48.  The method of claim 45, wherein said local fargetness caloulation is computed in

accordance with
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-43 -  said processor is configured to group said plurality of registered SAR images into one or
more groups and process the SAR images within said one or more groups, including at leasithel. | p
following: for each given pixel within the common area of interest, calculate a likelihood of discrepancy
between respective pixels of the registered SAR images of said one or more groups, thus giving rise to
likelihood of discrepancy values charaeterizing said given pixel; li) generate a "likelihood of -
discrepancy matrix" comprising the likelihood of discrepancy values, characterizing the likelihood of
10discrepancy for each pixel within the common area of interest; 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 t4é 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 eabh@iven pixel within the common area of interest, calculate a likelihood of
discrepancy betweeﬁrﬁé“c‘ti'v;e:pimls of the registered SAR images of said one or more groups, thus
giving rise to likelihood M&FS : Bancy values characterizing said given pixel; i) generate a "likelihood
of discrepancy matrix" comprising the likelihood of dibwepancy values, characterizing the likelihood of
25discrepancy for each pix Within the common area of interest; ill) for each of said one or more
groups, generate an enhafds8eSEreRRGEs frmrbt rEmgeetinesiitds of discrepancy matrix; (0)
repeat steps (a) and (b) urfiifishsifgrresraredirs AreiFntgeideiesithd, so 54.The system of claim 52,
further comprisingsa displag wheesit gaid smrdcessor is further configured to display said enhanced
SAR image on said display ...i.. N€ system of claim 52, wherein in case any of said groups copsists
more than two images, saij generate a "likelihood of discrepancy matrix™ for that group comprises: (10
generate a likelihood of discrepeesy Fetimr t6% itfeast one possible couple within the group;

AR mean(f), the mean reflection of pixels in an extended neighborhood of
the pixel;
10 k is a constant.
49, The method of claim 48, wherein obtaining normalized differences is.done in
accordance with
Ty =T, x( - T)+ T, x (- T,)
wherein

15 T, and T, stand for T of comesponding pixels in Jmage, 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 registered SAR imsges

20 originate from more than one platiorm.

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

image based on a phuality of SAR images, the system comprses a processor

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

25 said image input block is configured 1o receive a phurality of régistered SAR
images, each comprising 2 common aren of interest;

said processing paramsters input bleck is configured to receive processing

parameters;

AMENDED SHEET - IPEA/US



(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. to 56. The system of H&ith 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 farther 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 registered SAX images
during generation of an enhanced SAR image. st. The system of claim 52, wherein said processing

parameters include at leasheppefkthe iRligwiagio ardpdicatianef & spleatadMRrirgage to be

enhanced; a target size parameter fepesentionihe Sias.ofAndbiart Af RigiscaRixe size
parameter, representin the size of area covered by a single pixel in a SAP. image. 30 60.The
cgc}m aslleas &zgﬂoww

. i . . : .
system of claim 52, where sal rocess&r is configured to perform at least the following steps during
said generation of e. likelihod? of%ﬁ&?‘éﬁ‘éﬁb%ﬂﬁ?@@%‘?ﬁﬁ?ﬁ%ﬁéﬁ%ﬁﬁ“&c MCSLLP -45 -

5 likelihood of discrepancy between respective pixels of the registered

SAR images of said one or more groups, thus giving rise o likelihood
of discrepancy values characterizing said given pixel;

ii) generate a “likelihood of discrepancy matrix" comprising the
likelihood of discrepancy values, characterizing th:; likelihood of .

10 discrepancy for each pixel within the common avea of interest;

fi) for each of said one or more groups, generate an enhanced SAR image

while utilizing said likelihood of discrepancy matrix. '

53,  The system of cleim 52, wherein in case more than one enhanced SAR image is
15 generated the processor is further sonfipured to pexforrp 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: ‘

) )  for each given pixel within the common area of imerest, caleulate a
pi) Hikelikood of discrepancy between respective pixels of the registered
SAR images of said one or more groups, thus giving rise to likelihood

of discrepancy values characterizing said given pixel;

Bkelihood of discrepancy values, characterizing the likelihood of
25 discrepancy for each pixel within the common ares of interest;
iif) for ench of said one or more groups, generate an ephanced SAR image
while utilizing gaid likelihood of discrepancy matrix;
(¢) repeat steps (2) and (b) until a single enhanced SAR image is created.

30 54.  The system of claim 52, further comprising a display wherein said processor is
farther configured to display said enhanced SAR image on said display.
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(a) compute one or more characteristics for each of said respective pixels of the SAR images of.said
one or more groups, thus giving rise to computed characteristics; and (b) process said compM@&LLP
characteristics to obtain nommlized differences values amongst each of said respective pixels of the
SAlt 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 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 targetuess 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 It= rEm(x"y)--. 20Wherein: "fx andfy are the output of a Sobel opera-orapphcd to
pixels in each SAR image; x and y stand for the cefifral pixel of a local texture sliding window; i and j
identify pixel displacggnenfargund thedarsl, iedviastidingywinde wsenitakpiselosy; 25 iv is the local
texture sliding Wln(IJIot\‘(vv(')si\r/‘y;llde apd helght. Q-ﬁrﬁlﬁi@éﬁt%@‘c&@&@{% B¥hereigsajdprocessor is
configured to obtain Grggr};rr?sgj]zed dlflgerences in accordance with 2 x TEM x TEM15;0 R <1

(8) generate a likelihood of discrepancy matrix for at least one possible couple

5 within the group;
(b) calculate an average likelibood of discrepancy matix cotresponding 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 seid 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 &7 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
sclected 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 registered SAR images
during generation of an enhanced BAR. image, .

59,  The system of claim 52, wherein said processing parameters include at least one
of the following: .
25 {a) an indication of a selected SAR image to be enhanced;

(b) atarpet size parameter, representing the size of an object of interest;
(€} apixel 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 et least
the following steps during said generation of a likelibood of discrepancy matrix:
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ft -1 (TEM,. + TEM" 30wherein: MG,S1.1.P - 46 - TEM. is the local texture obtained for Imam,
amongst respective group; TEM, is the local texture obtained for Images amongst said respciveP
group’: TEMaa is (TEMO0)2; and TEMN is (2E4)2. $ 64. System of claim 61, wherein said local
targetness calculation is computed in accordance with 91 wherein: 1011 is the number of pixels
forming a targetuess sliding window; G1 is the G value computed for a pixel/ in accordance with: G =I -

exg- f x pt") wherein: f represents reflection of a pixel; 15PA= = Inea46, the mean reflection of pixels in
an extended ighborhood of the pixel; k is a constant

-45-

(8) compute one or more characteristics for each of said respective pixels of the
SAR images of said one or more groups, thus giving rise to computed
characteristics; and
(b) process seid computed characteristics to obtain normalized differences
5 vatues amongst each of said respective pixels of the SAR images of said
one or more groups, constituting the likelihood of discrepancy matrix
respective of the one or more characteristios of each of said respective
pixels of the SAR images of said one or more groups.

16 61.  The system of cleim 60, wherein said characteristics include at least one of the
following:
(a) local tarpetness caleulations;
(b) local texture caleulation;
() local entropy caleulations,
15
62.  The system of claim 61, wherein said processor is configured to perform local
testure caleulation in accordance with

L= ’\foz +f:vz
TEM(%WJ*% ¢ %oy

W lu“% ju"%
20 Wherein;

Jand 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, i

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, = TEM, 0<R<l

k=Yt + TEM,)

36 - wherein:
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65. The system of claim 64, wherein said processor is configured to obtain 20 normalized differences
in accordance with reff =To x0-716)+7;x0 -t) wherein ry and 7; stand for T of corresponding Wé%?
Imam and Image b, 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 registered SAR images originate
from mote than one platform. MCSLLP - 47 - 68. A method for computerized detection of objects in
SAR (Synthetic Aperture Radar) images, the method comprising: receiving a SAR image; receiving
;unceasing parameters; normalizing return values for each pixel within a sliding window; operating a
reinforcement operator on said normalized return values, wherein said operation enables
strengthening high return values and weakening low return values, and wherein said normalized return
values characterize the likelihood of existence of oﬁﬁgéts. 10 69. A computer program comprising

computer program code megpsifatRefesmivevathibasiers ahllaiml-whegasgid program is run on a

computer. 70. A computﬁgﬁrgg{gmmegmg %@% g&gxggugg%(;;‘ for performing 15 all
the steps of Claim 36 Whe%sﬁl g{ ?m nisnoona computer. 71. A computer program comprising
or. e

computer program code means ormlng all the steps of Claim 68 when said program is run on a

computer. Mo 35 (
5

64.  System of claim 61, wherein said local targetness calculation is computed in
aceordance with
id
I1¢, .
y QR S ‘
1]6,+116,
Jo J
wherein:
10 n is the number of pixels forming a targetmess sliding window;
G is the G value computed for a pixel/ in accordance with:
G =1-exp(~ f/k% th,)
wherein: h

7 represents reflection of a pixel;

15 Hioe mean(f ), the mean refiection of pixels in an extended neighborhood of
the pixel;
k is & constant,

65. The system of claim 64, wherein said processor is configured to cobtain
20 normalized differences in accordance with

=7, x{(-7,)+T,xQ-7,)
wherein

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

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

¢7.  The system of claim 52, wherein said plumality of registered SAR images
originate from more than one platform.
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20 72.The method of claim 1 wherein the likelihood of discrepancy calculated between respective
pixels related to an object in a common area of interest of several registered images is indicgtive pb
likelihood of absence of the object in at least one of the images in said group. 25 73.The system of
claim 18 wherein' the likelihood of discrepancy calculated between respective pixels related to an
object in a common area of interest of several registered images is indicative of likelihood of absence
of the object in at least one of the images in said group. % 74.The method of claim 36 wherein the
likelihood of discrepancy calculated between respective pixels related to an object in a common area
of interest of several registered images is indicative of likelihood of absence of the object in at least
one of the images in said group, 75.The system of glaim 52 wherein the likelihood of discrepancy
calculated between respective pixels related to an object in a common area of interest of several
registered images is éadicativetaklifse irned-ttabsetce didketobjcdRrSxtdetstiorievef 5 the images in
said gimp. . - Radar) images, the method comprising:
(2) receiving a SAR image;
{b) receiving processing parameters;
5 () normalizing return values for each pixel within a sliding window;
(d) operatinog a reinforcement operétsr on said normalized return values,
wherein said operation enables strengthening high return values and
weakening low xeturn values, and wherein said normalized return values
characterize the likelihood of existence of objects. -
19
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 68 when said program is run on a computer.

20 72.  The method of claim 1 wherein the likelihood of discrepancy calculated between
respective pixels related to an object in a common area of interest of several registered
images is indicative of likelihood of absence of the object in at least one of the images

in said group.

25 73, The system of claim 1% whersin the likelihood of discrepancy caloulated
between respective pixels related to an object in a common area of interest of several
registered images is indicative of likelihood of absence of the object in at least one of
the images in said group.

40 74. The method of claim 36 wherein the likelibood of discrepancy caleulated
between respective pixels related to an object in 2 commeon area of interest of several
registered images is indicative of likelihood of absence of the object in at least one of
the images in said group.
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75,  The system of claim 52 wherein the likelihood of discrepancy caloulated

between respective pixels related to an object in a common area of interest of severat

registered irnages is indicative of likelihood of absence of the object in at least one of
5 the images in said group,
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