WD 2009/ 122316 PCT/ |1 B2009/ 051161 METHODS FOR TRANSFERRI NG PO NTS OF

| NTEREST BETWEEN | MAGES W TH NON- PARALLEL VI EW NG DI RECTI ONS FI ELD AND
BACKGROUNRY (E00IHE310NVENTI ON 5 The present invention rel arermsmodbmidli el d of
| mage processing and, in particular, it concerns nmethods for locating in
one perspective view a point of interest designated in another perspective
view where the viewing directions of the two views are significantly

non-parallel. AVETHODSTORSTRANSRERRENG PDMS@E'[&ITEREST eld

operations is f R di fferent
pl at f or ns. Specﬁ$E§§W$¥gqqﬁigggag§g§§§%ﬁ@{5 g g ge5|gn e a particular
| ocation (e.g., pixel) wthin an i scene viewed froma first
direction and then to deternm ne the corresponding |ocation (pixel) of the
sanme point of interest in an imge of the scene as viewed froma different
direction. Wen the viewing directions are 15 near-parallel, or where the
scene 1s gg'.E'ELEiWMG]&@R@@IND@FMMMR)NWSCUFed, this task can
be achi eve y We evel oped 1 mageé processing techniques for inmge
correlation which identify pairs of correspondln features jn the two

i mages and det eflieripresentr ianenidonnaelatas toethpetigld ﬁg iMage IOoRHSHIZ apghpin

pi xel -to-pi xel between the images. For scenes with pronounced vertical 20

t opol ogy, ?&iﬁibu@&r W baftehy fdtibdsafod 1v6eing ¥ 6Yd PersBedtrd viensagiotnt of
significantl non- paralle t he probl em rapidly becones nuch nore

difficult, Illtfererég deszgﬂastgfli n lanother perspective view where the viewing directions of

the two views are significantly non-parallel.
A common problem in the field of multi-platform field operations is
10  communication of a point of interest between different platforms. Specifically,
it is often desired to designate a particnlar location (e.g., pixel) within an image
of a scene viewed from a first direction and then to determine the
corresponding location (pixel} of the same point of interest in an image of the
scene as viewed from a different direction. When the viewing directions are
15 near-parallel, or where the scene is generally flat so that few features are
obscured, this task can be achieved by well developed image processing
techniques for image correlation which identify pairs of corresponding features
in the two images and determine a transformation between the images which
maps pixel-to-pixel between the images. For scenes with pronounced vertical
20  topology, such as urban terrain, and where viewing directions are signiﬁcar:ﬂy
non-parallel, the problem rapidly becomes much more difficult, if not

inschuble.



WO 2009/ 122316 PCT/1B2009/ 051161 The source of the aforenentioned
difficulty is intuitively understood if one considers two aerial caneras

Vi ewi ng awpreopi20iigbui | dings fromthe West and from t hed@ase9/051161
respectively. Cearly, all features on the vertical faces of the buildings
are not shared between the two i nages and cannot forma basis for 5

conventional | 6@k & Bthe UForembritiedtiticlfy Ishimtlitivelyi nederstoeddénsel y

positioned and the view ng angles shallow, rmuch of the ground area between
t he buil dings may be obscured in one. or. both inma o e vast
maj ority ofig gensiders GWQsaqf}??ééWf%’ﬁ@“ﬁ%f thﬁmkﬁﬁgig%%ﬁﬁéévésgat ures
in the other inage, leaving relatively few features, typically including

parts.of tial fOnbtlid Bistgrespedtively.(Cleartypail featutek onphe pstti¢ad daess of the
corresponding features in the two inages decreases, the reliability and

accur acy %uig%ggg%apgg@@&%msa{ Rl Bb GMak6¢ BRA GuRfot RRthilhbadRCoknes. An

alternati ransterring a point of Interest between two
perspective views i s _by registration of each i e to.a.geoqgraphical imge
5" ot dbascomERBRnEigaS? COse AR IROSIAGTat o e HOHAIES fise HERGHHg
subregion of an image retrieved fromthe geographical inmge database, and

hence eachpgijehed ahd ebe Fidwingearnglesasisaiuvay machidflibe grownd agobptsshncal
coordi nate. The geographic coordi nates then provide a comopn | anguage to

ise of o osoraiieSil ber aridi e B one! SFRREHERAS A0 RE I8 ved o)
has certain advantages. Firstly, the use of an overhead vj.ew_tends ,to
linmit the magonigynohiiguicatrer Breachmasge BNt have RorGSerndng fealuressin e
the other image, leaving relatively few features, typically including parts of the
10 building roofs, in common. As the proportion of cortesponding features in the
two images decreases, the reliabiiity and accuracy of conventional image
correlation techniques rapidly declines.
An alternative approach to transferring a point of interest between two
perspective views is by registration of each image to a geographical image
15  database. Each image is separately correlated to the corresponding subregion of
an image retrieved from the geographical image database, and hence each pixel
of each image is associated with a known geographical coordinate. The
geographic coordinates then provide a common language to allow transfer of
points of interest from one image to the other.
20 The use of a geographical reference image (“orthophoto” or satellite
image) has certain advantages. Firstly, the use of an overhead view tends to

limit the maximum angular discrepancy between viewing directions of the

images to be correlated. Secondly, the digital terrain map (DTM) associated



i mages to be correlated. Secondly, the digital terrain map (DTM associ ated
2 WD 2009/ 122316 PCT/1B2009/ 051161 with the geographi cal database provides

addi ti onajyg RbHiABLs on which can be wused to facilitate ghesaidal Fi on
processi ng. Neverthel ess, this approach also encounters mnajor problens
when dealing with urban terrain where the DIM typically |acks sufficient

<t 7 ot ur oo i Era R Bha Fraies’ EoScs d RO ISR atioh, REIGH el 0 T2,

between features tend to occur. For the above reasons, the generally
accept ed apgadbte facibitate dhel complation; presessingr Weverthaless, dhis sappreachalen |
t hr ee-di nensi onal nodel of the external surfaces of the building

struct ur eseshaitkds Ftﬁaj%??ﬁbﬁleﬁ%dwh%!cﬁeam Withagbhe tegaitOwheie the DTM

structure-fromnoti on SFM') techniques”in which features are tracked

t hrough successj v ra .of a video tq,derive l.ocations. of the ures in
t hr ee- di rreﬁgql??jb', ﬁﬁk% S‘t%‘?‘ﬁé@%éﬂg?lééfl&%@% ok lﬁ%ﬁ“@@%‘éﬁa@éﬂ)'{@%ﬁée ntify
surfaces of the structures. This nodel can then be used to provide

addi ti ohal definé dwikling rstfusturesyangh then aforemiemgioded quroblems wifeinsbificient
facilitating registration of 15 each subsequent perspective view with the

model and hgﬁ{:%ﬁ&%%%b%&ﬁifﬁé% feﬁena%%@lﬁt to or from each i nmage.

Al t hough t ree-di nensi ona approach is highly effective, it is

not al ways feasible in practical operations.. Specifigally, cpnstruction of
a three- di nensf8hafleng@ere r BasPRos ﬂ?cc&ﬁ”?@iyorﬁc&ep‘ieﬁaﬁﬁérqﬂ?gn?%l Hgld

directions around 20 the buildings in question as well as conputationally
i ntensi ve ppeetivns Mgurban terrain is that a full three-dimensional model of the external

surfaces of the building structures should be determined. This may be achieved

10 using structure-from-motion (“SFM”) techniques in which features are tracked
through successive frames of a video to derive locations of the features in
three-dimensions, and the tracked features are then associated to identify
surfaces of the structures. This model can then be used to provide additional
infonnatién for any given viewing direction, thereby facilitating registration of

15  each subsequent perspective view with the model and the transfer of points of
interest to or from each image.

Although the three-dimensional model approach is highly effective, it is
not always feasible in practical operations. Specifically, construction of a three-
dimensional model requires acquisition of images from all directions around

20 the buildings in question as well as computationally intensive processing.
Limitations of time and/or accessibility in hostile territory may preclude this

approach.



Limtations of time and/or accessibility in hostile territory may preclude
this approach. 3 WO 2009/ 122316 PCT/1B2009/ 051161 A further techni cal
hurdl e prweaobter2irg t he t hree- di mensi onal nodel approaclrdraBadovgsrent of
the nodel with the real-world geographic coordinate system The
geonetrical formof the three-dinensional nodel, typically represented as

a precise |ocal sehayili RBhARE hufdld fresshae®niyattey tidetidhmensionnidniodel
i nconpatible formof data fromthe i'mage data of an orthophoto or satellite

i mage tied to the, geographic coordin Syst ; -t RS

al i gnment %I%H’:‘O%&f i %ﬁ%&f of fPBf‘%a‘B}%%E%)@alﬁg%%{i %%gﬁgﬁ&g#%a?éedur e,
rendering the technique inpractical for automated or real -time operations.
There is téyterhorEhen geentttfical dewrhod§ ther thireedimensippalomeodsds dypistilve 10
view a point of interest designated in another perspective view where the

lew a pa . _ . oLher. " ond
vi ew ng I@«;%gﬁﬂﬁbgén a%ﬂé‘r@cﬁéﬁ‘@o Ubvaftioh Bhpis'd S@iddnyermaily daffedchebnd an

parti cul ar rain ere full three-dinensional nodel data is

unavai l abl e. SUMVARY OF THE, | NVENTI A5 Th resent _invention j met hod
for |ochati ﬁ@ompaé‘hg i c‘ilart@eﬂ?‘\’met%la‘mﬁ&?i &ﬂtg&%s%togth]@]é’ﬁo@egﬁ- 8%1’%{@8 in
anot her perspective view where the viewing directions of the two views are

si gni fi canjthyghaiedavalthe geodrmpricilngoonlindte sedemi ngs oény heasps,e Sudat
invention there is provided, a nethod for identifying within a working

| mage of aaﬁgﬁrﬂgmacé’l?io@ﬁy Ye b&&ﬁﬁﬁé& reliably as a laborious manual procedure,
rendering the technique impractical for automated or real-time operations.

There is therefore a need for methods for locating in one perspective

10  view a point of interest designated in another perspective view where the

viewing directions of the two views are significantly non-parallel, and

particularly in urban terrain where full three-dimensional model data is

unavailable.

SUMMARY OF THE INVENTION

15 The present invention is a method for locating in one perspective view a
point of interest designated in another perspective view where the viewing
directions of the two views are significantly non-parallel.

According to the teachings of the present invention there is provided, a
method for identifying within a working image of a scene a point of interest

20  designated within a designation image of a scene, the designation image being
taken along a first viewing direction and the working image being taken along

a second viewing direction, the second viewing direction being significantly



20 designated within a designation image of a scene, the designation i mage’
being taken along a first viewing direction and the working i nage being

t aken al oR@ 20d0/96@Nd Vi ewi ng direction, the second vi ewwdgdhdorziicpn bei ng
significantly 4 WO 2009/122316 PCT/1B2009/051161 non-parallel to the
first viewng direction, the nmethod conprising the steps of: (a) obtaining

a designation_ | : ' i”%% ﬁ"!ﬁéfg ' .t he
scene; (c)ﬁ(%gp?}e%?%? F‘%féh‘% ﬁ%tﬁggﬁgr’rgaéfl%%&?{ﬁgg‘g an @g{l\ﬁg r%%gﬁ?ﬁe s(ejac)t\;vl th
each other, directly or by correlating each of the designatign image and
the 5 wor kim@biziatng aidesignatiomivage of dheseend; (hheblayng s WorliBgii@2an
interrelation between the designation imge and the working image; and (d)
enpl oyi ng ghthe d0dhey () catietRinkethvrRBignatiod ¢miags aht ahe iworlingeinthdehwithor ki ng
:jmage to derive a 1ocation within the worKi ng i mage of a point of interest
esignated withj,n the designation,i.mage, .ch Ctief:l | B t met hod
further co?ﬁﬁlﬁ gﬁ@;‘, @Be‘(@f 05%?%%?%‘“&%%@8@@&@6 §§§g§§t§ﬂ 6%@%&8@%&%
along a view ng direction displaced from but simlar to, the fjrst

vi ewl nd di weckingrimagedvith p componeefesting imags, sees gndeivnan fgackitiont he
secondary designation inmage to derive range information relating to a
plurality leXethe deldi 28R ardothe | WBHSng iR8ESAd (B dniblaging MRl ti al
relative tﬁ%téﬁegi nencge{g%%;aaﬁoﬁoq@ggeof a Sortiongoﬁlcﬂ %h’e scgﬁeng% ?lenf%ative to
the viewi ng directiqn of the designation inma wher.ei n.t he par;ti.al
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According to a further feature of the present invention, the step of

corr IeI at Id nipoatiohusidhinethel wyiking timage afgepoint of nateresh desigpetedraitbinathe

simul at e

designation image, characterized in that the method further comprises:

10 (e) obtaining a secondary designation image taken along a viewing direction
displaced from, but similar to, the first viewing direction; and (f) co-processing
the designation image apd the secondary designation image to derive range
information relating to a plurality of pixels in the designation image, thereby
defining a partial relative three-dimensional model of a portion of the scene

15 relative to the viewing direction of the designation image, wherein the partial
relative three-dimensional model is used in the step of correlating.

According to a further feature of the present invention_, the step of
correlating includes employing the range information to generate a simulated
image generated by Warpiﬁg the designation image to approximate a view

20  taken along the second viewing direction and correlating the working image
with the simulated image.

According to a further feature of the present invention, the step of

correlating includes correlating each of the designation image and the working



| mage generated by warping the designation inage to approximate a view 20

- taken al ong the second view ng direction and correl ating the working i mage
wi t h t he wiomobsi»esisi mage. According to a further featureqifB2tm/ opriesent

i nvention, the step of <correlating includes correlating each of the
designation i mage and the working 5 WO 2009/122316 PCT/ 1B2009/ 051161

i mage W t hipgadehithen eefetdR@cintapcaakeh alohgarefaenrec viewiagi dirpotionsend on, and
wherein the partial relative three-dinensional nodel is used to derive a

|l ocal relative th R [ | e : reqh r I mage.
Accor di ng W& gﬁ"cpP@?@Jﬁiﬂﬁr‘rg%&eﬁ“ﬁﬁﬁ#@@:trﬁ‘lg#\é\;gﬁ?Ilsggl ?St egwr%efgg%%ce 5
viewing direction is internediate to the first and second vi ew ng

di r ect i onsrelativecdapdh moppt for at fasst heubieginnelthgmefenenger i8S | nvention, the
reference inmage is a geographically anchored reference i mage, and wherein

the local rel amcwm@ﬁ%w IRRtha feahBBabf iR prdskst Hivehtioh, Heyefoiempemap for

at least a subregion of the geographically anchored reference i mage. 10
According to a further feature of th esent, i nvent.d | gnat i on
mge e vieinsleRGoR geetimediate b9 ubiRT GAH bRV U ins MB SR 0o o
There is also provided according to the teachings of the present invention,

a method for idgrtbfdingmdovd fintherafasturei of therprrsent investione the pefernceof
i nterest designated within a designation inmge of a scene, the designation

15 imge bgj -ake % | dehodd e YeBeEndE N8fdoleO An@Whifen WE Kbed | mage
bei ng takeﬁjﬂg o%%lléages g cgllhfévm ngoﬁdreye%:t i ct)ln, ]t he€ second view ng direction
bei ng . ) . ‘. .

relative depth map is a local relative digjtal elevation map for at least a

subregion of the geographically anchored reference image.
10 According to a further feature of the present invention, the designation
image and the working image are derived from different imaging sensors.

There is also provided according to the teachings of the present
invention, a method for identifying within a working image of a scene a point
of interest designated within a designation image of a scene, the designation

15 image being taken along a first viewing direction and the working image being
taken along a second viewing direction, the second viewing direction being
significantly non-parallel to the first viewing direction, the method comprising
the steps of: (a) obtaining a designation image of the scene taken along the first
viewing direction; (b) obtaining a secondary designation image taken along a

20  viewing direction displaced from, but similar to, the first viewing direction;
(c) co-processing the designation image and the secondary designation image
to derive range information relating to a plurality of pi'x'els in the designation

image, thereby defining a partial relative three-dimensional model of a portion



significantly non-parallel to the first viewing direction, the nethod
conprising the steps of: (a) obtaining a designation inage of the scene
t aken al qpg 20d912b416St  viewi ng direction; (b) obtaini ng prHBSRABMST1¥1
designation i mage taken along a 20 viewing direction displaced from but
simlar to, the first viewing direction; (c) co-processing the designation
I mge and ¢ S r Sj i I deki ' ion
orati ng @ o RERR el K 1A PlemiREMirectar BF, S UBgRta MO
defining a partial relative three-dinensional nodel of a oréiqn .6 VWO
2009/ 122316§)pb1mm1530@97@mq&1ma5¢ afHhesoene trkamelopg ths $900n¢; VRVIRE
direction of the designation image; (d) obtaining a working i mage of the
scene t akefjretiong (éj‘&nﬁl%ﬁfﬁigj thd emgedinfeliniativn ongefieptecapimyiangl ithage ange
information to generate a simulated i mage generated by warping the

designation i tQ approxi mate a_viewt 3 L ew ng
directi on;gwgﬁg@’ye"f”gﬁﬁnﬁgﬁ}eﬁe Oﬁdmaégéaﬁ%ﬁgéggnﬁfg‘%ggﬂ% ge so
as to derive an interrelation between the designation inage an%d'zsge

wor ki n§ i nthgesecand gigwingpdinpttien;t (O comelating hg ovotkang\SBIRECH BV ¢ gnati on
I mage and the working inmage to derive a location within the working inage

of 3 poi ntsipfuiddl Shifask s8I BNRERE aif inflrfelhien Besapnaht desighaden idgdhere i s

al so provi ng to the teachings of the present invention, a

met hod for identifying within a i ng,i nage ,of .a _scene _a |

i nt er est oﬁ?&‘f dﬁ%t ‘é’&‘ﬂ%?’gh?rﬂa%e;d@%‘}‘\Dq{étepgﬂongggwoﬂg@rr?i%}?& bt%ﬁ‘zg%}as?ﬁ %nat i on
i mage being taken along a first viewing direction and the working imge

bei ng t akéssighatiom amage amd Vieewroring imepe oo, detiee sedenationi wihig tHer ecti on
bei ng

working image of a point of interest designated within the designation image.
10 There is also provided according to the teachings of the present
invention, a method for identifying within a working image of 2 scene a point
of interest designated within a designation image of a scene, the designation
image being taken along a first viewing direction and the working image being
taken along a second viewing direction, the second viewing direction being
15  significantly non-parallel to the first viewing direction, the method comprising
the steps of: (a) obtaining a designation image of the scene taken along the first
viewing direction; (b) obtaining a secondary designation image taken along a
viewing direction displaced from, but similar to, the first viewing direction;
(c) co-processing the designation image and the secondary designation image
20  to derive range information relating to a plurality of pixels in the designation
image; (d) correlating the designation image with a reference image taken
along a reference viewing direction so as to derive an interrelation between the

designation image and the reference image, the range information being used to



15 significantly non-parallel to the first view ng direction, the nethod
conprising the steps of (a) obtaining a designation inmage of the scene

t aken al o Zobwe12biest view ng direction; (b) obtaini ng rCTRECEN SN
designation i mage taken along a viewi ng direction displaced from but
simlar to, the first viewing direction; (c) co-processing the designation
i mage and §hevSERRRIALIHSaEEhaP ori TaEBt dQubregiinr of therafigenderiimagent | on

relating to a plurality of pixels in the designation inage; (d)

ing to"a plurality of prxelsin the ! _
ot or ence A Bevyorad 1asf b Frd EEHFRE TR0 A In B BEO, T

desi gnation image and the reference inmage, the range informtion being used
to 7 VO 2pfetdlansn 6beisRenB2heorafeenee imegd vanda thecHorkdZatmageddpth map
for at |east a subregion of the reference inage; (e) correlating the

porking | TBgltihg %@ﬁlg;r%&fm | 4A S ARchD @fdtives dupthi Map;r ehdt i on

between thé rerergnce | e and the working image, the correlating being

erformed using the local, rel atj.ve depth . and. 5 (.f i e
!Ont errél at [ﬁﬁﬁ%ﬂ@l’%eﬁh‘i h’é‘t%‘g?éﬂ%ﬁ ﬁb%wleﬁ%g eaﬁféswggoglef@?éﬁgée&? rr%lge and

between the working image and the reference inage to derive a |ocation
Wit hin t heraferdtics dniagegmd bewgra the whrking émage atsk thgneaferenceiimags Whe
designation i mage. According to a further feature of the present invention,

the refere Oy VLB NG: i 1 8Ct | i ’h}?&%r difige bP ineest idesibnaed second
vi ewi ng di ?gﬁ‘{? (])anl'soféagﬁfcl:gglrtﬁnngl%t%ﬁ%g{lhgrlt r (?%atlﬁi;e of the pr esglr}t. _
invention, the reference inmage is a geographically anchored reference

i mge, andwithin hadesgnatimgpniage.

According to a further feature of the present invention, the reference

10 viewing direction is intermediate to the first and second viewing directions.
According to a further feature of the present invention, the reference
image is a geographically anchored rgfercnce image, and wherein the local
relative depth map is a local relative digital elevation map for at least a

subregion of the geographically anchored reference image.

15 BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with
reference to the accompanying drawings, wherein:

FIG. 1 is a schematic representation of a scenario in which the present
invention will be illustrated wherein two imaging sensors acquire images of an

20  urban scene from different viewing directions;



rel ative depth map is a local relative digital elevation map for at |east a
subregi on of the geographically anchored reference i nage. 15 BRI EF

DESCRI PTI Z%IIEEﬁGDRAW NGS The invention is herein desgdbgdanoh¥pgy Of
exanple only, wt reference to the acconpanyi ng draw ngs, erern: FIG |
IS a schematic representation of a scenario in which the present invention

will be illustr wherein ol ' S LLe. 20
Ur ban scene 1 r daGi g fes B chaniRARE A AR DI G PT3350ERN BF

PCT/ 1 B2009/ 051161 FIG 2 is a flowchart illustrating a first =

i npl enent aransfervingapoiathod intarestr betsfeenrimmges diaker fopm; didiarentt vissingen

I mges taken fromdifferent viewwng directions according to the teachings

of the precﬁ?é&idn?‘égﬂéﬂ%g&ﬂ%@&inés bSth drbauit siastiont hgtrating a second

i npl ementation o nme or transferring points of interest between
| mages taken fr diftferent view.n di rections, accordi to.th chi ngs
of the present ﬁ&ﬁ#}t"? aﬁfo‘b@é@ﬁwﬂg“é\‘ﬂft&afﬁ@ t%%@(%fﬂ/@ﬁﬁ‘égéhe
present invention is a nethod for transferring points of interest between
i mages &t akfor tfansfersingfpmintstofintnestdetivear inages, takien firopn diferentivieyving 0
systens for inplenenting such a nethod. The principles and operation of
systens an B8 4l ; Het nrlYl, Gticpn may be better
understood&i\}-\n‘%ﬁ%&ge eren@%%gﬁtt}%g{:ﬁa?g%\noﬁgs aﬁé tt1 e a(?glonpanyi ng

descri ption.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a method for transferring points of interest

between images taken from different viewing directions, and corresponding
10 systems for implementing such a method.

The principles and operation of systems and methods according to the
present invention may be better understood with reference to the drawings and
the accompanying description.

Referring now to the drawings, Figure 1 illustrates the scgnario in which

15 the method of the present invention is typically used. Specifically, Figure 1
illustrates a situation where a first imaging sensor, designated “Sensor 17,
acquires an image, designated “Image 17, of a scene of interest, the image
being acquired at a time Ty and along a first viewing direction Dy. An imaging
sensor “Sensor 27, which may be another sensor or may be a later (or earlier)

20 use of the same physical sensor as Sensor 1, acquires an image, designated
“Image 3", of an overlapping scene al a time T, and along a different viewing

direction D,. The present invention is primarily applicable to situations in



Referring now to the drawings, Figure 1 illustrates the scenario in which
15 the nethod of the present invention is typically used. Specifically,

Fi gure | widloosinaises a situation where a first inagi ng KEABR09/0d8s1 gnat ed
"Sensor 1", acquires an image, designated "lInage |I", of a scene of
interest, the inmage being acquired at a time Tt and along a first view ng

di rection Rhich\ieWiRg idﬁk@cﬁ@ﬁmmraﬁasa?aw sighificahnils mompyaraHeliet, e deasensor  or
may be a later (or earlier) 20 use of the sane physical sensor as Sensor 1,

acquires ap.ijmage, desi te ) oxer I I atine
T2 andal of dEEaR ABRarANGptep gt TBREIpisufh ebsrE TrPRR RV RERRTS BF 7, |
primarily applicable to situations in 9 WO 2009/122316 PCT/1B2009/ 051161
whi ch vi ewpagictlaresignifican®y imrsituations evhsrgthe dewing dirsationy arg sighly e | at
| east 20 degrees apart. Although not limted to such cases, the present

| nvent i on hén—g; alRAT Eﬁ&#h@rméﬂegﬁah: 6@NRGrédd Spdrtjdd DRSS fuicheasvDeW ng

directions ar Ighly non-parallel, such as nore than 60 degrees apart,
and often gs nuch as 90 5 degrees apart or, mor.e.. l.n such ¢

particut ar 39@%{% APl MPrec éggh \ﬁgf% ?P&nmxfjg‘é]ﬁflyv‘é’ cvéga’f‘?ﬁ)gg%gﬁhy such
as buildings, sinple image correlation . between Image 1 and Inage 3 is

typi cal | y mndth sigsificaheverticabtopbgraphyrsuch as buidings, simple hmege cerrelaienpr esent
invention primarily addresses cases where no full three-di nensional nodel

L e S O S s o
calculated. In general terns, the nethod of. th resent invention includes
obt ai ni ng Furthefmore, the present invention primarily agdlj%sses Cases Where 50 full
three-dimensional model of the scene is available, either because insufficient
10  data is available to construct a full model or simply because no such model has
been calculated.
In general terms, the method of the present invention includes obtaining
a second image of the scene (“Image 2”) which is taken along a viewing
direction D, displaced from, but similar to, first viewing direction ;. For this
15 purpose, “similar viewing directions” are taken to be viewing directions
sufficiently close in éngle that conventional image correlation can typically be
performed reliably by standard techniques, and in this context, typically refers
to directions differing by less than about 30 degreés. Preferably, the change in
viewing direction is kept much smaller than this, and the images are sampled in
20  qguick succession (i.e., at times Ty and T;+AT) by the same imaging sensor in
order to maximize the similarity between the images and make correlation of

the images as reliable as possible. Optionally, more than two images may be

used, for example, a relatively short video sequence. Even in such cases, the

10



a second i mage of the scene ("lInmage 2") which is taken along a view ng
direction D1' displaced from but simlar to, first view ng direction Dl.

For thi swl®aiefpRse, "simlar view ng directions" are t3qfisbfoks ¥l W ng
directions sufficiently close in angle that conventional |1 nmage correl ation

can typically be perforned reliably by standard techniques, and in this

cont ext, tﬁﬁg@%@%ﬁh@{ §f the Rt SEALRNEN S| RN el SFfclelian shpant SO

degr ees. ange 1rn* view directi is kept Truch small er
than this, and the images are sa,n}F)rI ed in ﬁ%ﬂq i.ck successian 8&? at
tines Tl d&bat reliableTpixeirta-pixed gagisiraten fgn §§}16Y O¥PTR MABTHAR S e ¢ he
simlarity between the images and nake correlation of the inmages as

reliable Qﬁ?eﬂﬁﬁ?ih@ 1RgidaPbf fRdAnapes NDhee hbguirddydniagedeandbyape? avsed; for
exanple, a relatively short video sequence. Even in such cases, the 10 WO

2009/ 122316 PCT/ | B2009/ 051161. u ' f . . i mages
used is kéBPC%%?¢B%QSHY?§3%%%F$QQ?%5§H?@gﬁ@%%%36#§%§@§§?§?§§$H?Q%ﬁ@?ration '
can be achieved over a majority of the overlapping region of the inages.
Once aBquil, dberebyrededining rdpantiad eelztise shees-diprass apdel odrg @@ﬂi{ah@gﬂ
information relating to a plurality of pixels in Image 5 1, thereby

defini ng gppagdengl rﬂﬁii%iw&@r%ﬂhgﬁﬂﬁé&f&is. pgie! paftiad ROAVeONhedk- the

scene relative to the viewing directions. This partial relative three-
e ke ol Soc i ARSI S e bRR B3R
correlating each with a conmmon reference inmage, so as to derive an
i nt err el atécpreldgdengt toged Imagel 3] @ithemdiredly Thiby ¢orrelating sachmithsat hen
enpl oyed to derive a location within one of
common reference image, so as to derive an interrelation between Image 1 and
10  Image 3. This interrelation is then employed to derive a Jocation within one of
the images corresponding to a point of interest designated within the other of
the images.
At this point, it will already be clear that the method of the present
invention is highly advantageous, providing additional depth information for
15 one of the viewing directions to facilitate accurate and reliable correlation to
images from widely differing viewing angles, even when insufficient
information or resources are available for derivation of a full three-dimensional
model, Two practical implementations of how the additional information may
be used will be presented below with reference to Figures 2 and 3, regpectively.
20 Before proceeding with the details of practical implementations of thf.f,
above principles, it will be helpful to define certain terminology as used herein

the description and claims. Firstly, Image 1 and Image 2 are referred to herein

as “designation images” while Image 3 is referred to as a “working image”.

11



the i mages corresponding to a point of interest designated within the other
of the images. At this point, it will already be clear that the nethod of
t he presewD 200922316 on i s hi ghly advant ageous, provi di ngCIdBReOAEL1 dept h
information for 15 one of the viewing directions to facilitate accurate
and reliable correlation to images fromw dely differing view ng angl es,
even when Thisubfriizioboly is wednmmtelpas ar corvsniencesart & chasenaisker to
derivation of a full three-dinmensional nodel. Two practical

i mpl enent ag i ons _of t ddp t4 ' ' Jreh vohtidn be

pr esent eda%gl W?'ﬂ%é)f ggﬁecgfﬁ%gg?%tﬁ?‘géﬂ%%ﬁ&% regpg%fg?&\%tgﬁly. 20 Before
proceeding with the details of practical .inpl err&nt atio of thﬁ ove
pri nci pl esacoording|tp whichet peit of dnigssst 4 deyppafed, I OBG HolBaEFa aﬁ@ d herein
the description and clainms. Firstly, Image 1 and Inage 2 are referred to
herein asandlesb@ngl bendédrbias in wislee reabiime3 workind émage’” (bnage 3)."Mor ki ng

I mge". 11 WO 2009/ 122316 PCT/1B2009/ 051161 This term nol ogy is used

merely as a.cqnvenience,, and is S ' : S usage

of the stVé]% %Pmﬁ?lﬁ%& lg?xgw'eg '%‘Egs%ea#%\%én q?%;ﬁthclgajg?ol ngésft{(l))‘g1 igh a

point of interest is designated in one of Images 1 and 2, and, needs to be

i dent i fi edbetwesnl Iataze t end Imiage 3, poiis i intesed may Feasilyhe tppsigrrgd|ip e

appreci ated however that, once a transformati on has been established

bet ween | "Bfifer dﬁ!&gﬁéﬂaghu@; aROhpblscationi MIRFES poiyt ieattslonated tn athsf erred
;

in eithe Irection. Thus, an application where a point is designated in
e e K kine dhae® tnt o ERHESSARNAL TR Thehdrdd ANt “aidaribhe
image” also falls within the scope of the present invention.

10 The term “point of interest” is used to refer to any location or region
designated in one image which is to be identified in another image. In many
cases, the “point” will be identified as a pixel, or small group of pixels, in the
image in which it is designated. In certain cases, the “point of interest” may be
a larger area determined by a boundary line, in which case each point used to

15  specify the boundary may be regarded as a “point of interest” in its own right.
Furthermore, in certain cases, the point of interest may be specified with sub-
pixel accuracy relative to the designation images themselves, for example, if a
plurality of designation images are used to derive a higher resolution {or
“super-resolution™) image. The resolution with which the point of interest is

20  specified may differ between the wdrking image and the designation image.

The term “correlating” is used herein in the description and claims to

refer to any processing of two or more images which results in determining an

interrelation between the images. The term “interrelation” is used herein to

12



i mge" also falls within the scope of the present invention. 10 The term
"point of interest" is used to refer to any |ocation or region designated
in one irpgaowiizeisi S to be identified in another inmge.pdiiEARBNSIIERSES,
the "point' "will be identified as a pixel, or small group of pixels, in
the image in which it is designated. In certain cases, the "point of

interest” sy bg, 2 ';@éﬁiﬁg,arﬁ&sﬁﬂﬁ%m ngd Ryhed Beismdar whiche, ddfineshi ch

case each pol nt used |57 speci fy the boundary nmay be regarded as a "point
of interest” in its own, right. urther.nore, in certain cases, .fhe point of
interest neSIEPORPERGS Pk l%”f‘ﬁ‘ %*@E@t %?Bégglsi’@gﬁ?‘?{’c edBjages PLasiioge

desi gnation i mages thensel ves, for exanple, if a plurality of designation

i mges are usedThe t@ani Yweamping'ylieused delreini nrgfor o "miypimage podeessiog” )
i mge. The resolution with which the point of interest is 20 specified may

di ffer bet . I I | L O reot m
"correl ati {ggﬁﬂ@%ﬁgg@h%@%ﬂﬁ'@gﬁ%’g%@g@g@gﬁﬁgR}ééidg?&gs%{egﬁt}ijgfbgags to any
processing of two, or nore jnmages which results, in determning,an .

i nterrdl at foppprexiteeats hove theriigase appsarif ¥ gpg@nsec'pgd Y4FEBer ei n
to 12 WD 2009/122316 PCT/1B2009/ 051161 refer to a mapping, transformation

or other rgiratticn Ahobghefientim Comisiapd ngap céefifedatvdubdishclndsubiiae of
pi xel s between the inagés in question. The term"warping” is used herein

2l ong & 11 Per oA BT ERRAth AR GH Tt g PRARNSECRe{eRARCAAR 7L

appear if viewed along a second viewing direction. Al though the term
"war pi ng" theupregent inyention tgpically waeplays idapth information associated with the

image, as will be detailed below. As a result, in certain cases, the resulting
10  warped image may be only a partial image, with certain image data from the
starting image discarded due to being obscured in the warped view, and otherh
data expected to be visible from the new viewing direction unavailable in the
starting image.
The phrase “viewing direction™ is used herein to refer to a direction
15 corresponding to the optical axis of an image sensor at the time an image is
sampled. The angle between two viewing directions is defined intuitively, and
may be defined algebraically as the arccosine of the scalar product of unit
vectors along the two viewing directions.
A tﬁird viewing direction is considered to be “intermediate” to two other
20  viewing directions if the angle formed between the third viewing direction and
each of the other viewing directions is less than the angle measured directly

between the other two viewing directions.
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transformati ons and ot her planar transformations, the "warping"” referred to
~in the present invention typically enploys depth information associ ated
with the womagei22as Wil |l be detail ed bel ow. As a result ,PTBe@o0&i1G1 cases,
the resulting 10 warped inmage nay be only a partial inmage, with certain

I mage data fromthe starting inmage discarded due to being obscured in the
war ped vi ew, andefirBfie isdaiadeenspemigedinfornbetion gemdreting ani‘péréiaheelativewi ng
direction unavailable in the starting inmage. The phrase "view ng

direction”,i s us herein I L 8 | to the
opti cal axﬂge%ﬁzrﬁgqiﬁ%agéng%eﬁscgfi g{m{q%egft ?lr?eS%%%é'i %aﬁlggi%?%tﬁﬁe angl e
bet ween two vi ew na directions is defined intuitively, and _pay be%cilefi ned
al gebr ai capatyiahsmopel ®f cthssipresent 1ﬁﬁ@%l*§re§% %féLlEﬁﬁ‘fhm?}@é? s al ong
the two viewing directions. Athird viewing direction is considered to be

"intermedi ﬁﬁ?ﬁeﬂi@n%ﬁh@%&@{c taRén Worwangngle veekingndirédtionh én alegt eofipasred
between the third viewing direction and each of the other view ng

directipns is, less than th ngl e.neasur brect er two
Vi ui ng di FodEs GRaoTatRe,isosbor B bt Eoboorelanst SRR ARARTS e
to range information generating a "partial relative three-dinensional nodel
of a porti 8pecifictlte, scemding L4 thécwinychidonrdt SHM lappraash, apaettiad| thigsdel of

the present invention is effectively a three-dinmensional inpression of the

scene takep; ' LGN ' RS 1 lopdy foaniieasdst bidedft he
panor am ¢ %%éﬁb@é%%é?o&@%g&gfﬂﬁ%ﬁ%m [ osniggeﬁSFM%: echni ques.

a group of buildings (and hence lacking all information regarding the westward

facing surfaces of the buildings) would be assumed to be useless for correlation

10  with another view taken from the west side of the buildings. The techniques of

the present invention address this problemn of incomplete information, or
insufficient resources to assembie the information, as detailed further below.

The phrase “local relative depth map™ is used to refer to a collection of

relative depth data associated with locations within a two dimensional image.

15  As will becorﬁe clear from the description below, the depth map in question

need not correspond to range data from any particular image sensor. “Depth” in

this context refers to distance in a direction generally parallel with the effective

viewing direcﬁon for the image in question. In the case of a high-altitude aerial

photo, satellite photo or an “orthophoto” (a processed image with an effectively

20 vertical viewing direction at all points), this becomes a “local relative digital

elevation map.” The depth map is described as “local” in the sense that it may

cover a limited subregion or “locale” of a much more extensive image, for

example, from a geographical image database. The depth map is described as

14



Specifically, according to the conventional SFM approach, a partial three-
di mensi onal nodel constructed based on views taken only fromthe east side
of a growgz%glﬁggllﬁdi ngs (and hence | acking all informtgquphaeasikpd t he
west war d aci ng surfaces of the buildings) would be assuned to be usel ess
for correlation 10 with another view taken fromthe west side of the

bui | di ”95-“rlfb$ivteec @SRl tﬁaﬂe'tPﬁ&%ﬁ{&nét@’%sR@e:ﬁ?d&ﬁsrﬁT%ef&"rﬁntpbeb' em of
i nconpl ete Tntormat’l on, OF i nSUf T ¢l ent resources to assenbl e the
information, as detailed further below. The phrase "l ocal rgl %i ve depth
map" is usdeferminedfigrabsolute positien: Tbﬁd@mSItYr@f @Fi‘f?@ﬂblg}%’ﬁn% § 1he 898f at ed
with locations within a two dinensional image. 15 As will becone clear
from the dgscsdset ilRR, Bebwtertthen daebixeldeniity afgstdorespemiing dinager r espond
to range data from any particular imge sensor. "Depth™ in this context

refers to distagce i.n a direction.generally Y the,effactive

vi ewi ng direct ?‘gﬁfeﬁ}flgtq{g"iaﬁﬁﬁé% ﬁ@ffgsﬁl %r}‘?’ %%h&{ab}lg %S\g‘é&é{égf&aa ﬁ’lldé‘" i:I%I titude
aerial photo, satellite photo or an "orthophoto" (a processed imge wth
an ef f écti peiny 20 ther prasant wivemitiog. that eappirokineate aflatapisi avaijable Hos thecones a
"l ocal relative digital elevation map." The depth map is described as

"l ocal * 'ngBélﬁoﬁ@aﬁ& Vif@ing BirB®¥onsCOV@ BndgeSdRdrs Whichdin@intition @agl " of
a much nore extensive 1 nage, for exanple, Troma geographical image

dat abase. The, de map i s described,as. 14 WO 2009/ 122316
OeT! | B2000PBEIETNES B 08%: o CORBIETioue of Maligq HTEe ol Sergar systems

consi stent, but need not be determned in absolute position. The density
of the deptbmmegnivey ixe, indudimgebutasot lmitedriot KR, inertipl sansor systams;t he
pi xel density of the correspondi ng i mage.

optical tracking; and image correlation to geographic reference databases. The

D}

10  tracking technologies need not be the same for both image sensors.

The image sensor used for deriving the designation images may be
distinct from the image sensor for deriving the working image, and may
employ different imaging technology and/or be sensitive to different
wavelengths of visible or invisible light. Thus, for example, the designation

15  images may be color images while the working image is a gray image, or vice
versa, or one or both of the image sensors may operate in one or more infrared
wavelength band. Despite all of the above options, an implementation wherein
the same image sensor is used at different times to sense the designation
images and the working image also falls within the scope of the present

20  invention.

The present invention is applicable to any situation where a scene is
viewed by imaging sensors from significantly non-parallel viewing directions,

independent of the platform supporting the imaging sensors. In certain cases,

15



Referring now again to Figure 1, it is generally assuned as a starting 5
point for the present invention that approximte data is available for the
posi ti onswersdoyizesssng di rections of the |Image Sensors. waiBROUBOSITEL | ON MAy
be derived fromany one, or conbination, of a wide range of sensor systens
commonly in use, including but not limted to: GPS; inertial sensor
systems; &it bf dhofe’ 8f khdgensvis shapde swunedvhon lamd-hesegr platform; dber ence
dat abases. The 10 tracking technol ogi es need not be the sanme for both

| mage sensqrs. ,The 4 [.: f oG, deri il tyl Lpages
may be. i SYPRIE RASRRE FRtRE HoniSGE 5 Rhidelfotuild Wit LESHANS e BIR9SS
_may enploy different imaging technol ogy and/or be sensitive to different
wavel engt heiews. Moxs typicaly, thevinyentien i gppliedrio inages rexiexgl feom Sgasors
designation 15 inages nmay be col or inages while the working image is a gray
i mage, or NMiggfted’B8hSAyn®’ of Mh&vibobirbeind piatforage Bxamssles ofaplatfoanat e in
one or nore infrared "~ wavel ength band. Despite all of the above options, an

i npl ement ati on erein the s | mage n ES .USe I.Efe imes to
sense the H’&g?d&nmg:ﬂto‘??e P%@&y?egﬁéo t ngar\ﬂ%ﬁk%gédfahﬁé g]é"%ﬂn%g ?%:Fz{.ls{/%%]ﬁ% n the
scope of the present 20 invention. The present invention is appljcable to
any situat {‘GhAWEEY ef allstygee drsl sivegswightoy-thavegir r@oaﬁ,mgspfragfmngaihstw
significantly non-parallel viewi ng directions, independent of the platform
supporting ' ' n certain cases, 15 WD 2009/122316
PCT/IBZOOQ?%@%%%%?&%%?%?H?%? (I:)1fg the sensors -may be nmounted on a

|and-based pl at ai-nr?ngfxgorw to Figure 2, there is illustrated a first embodiment of a

method according to the teachings of the present invention for identifying
10 within a working image of a scene a point of interest designated within a
designation image of a scene. In this embodiment, correlation is performed
directly between the designation images and the working image, assisted by the
aforementioned range information.
Specifically, steps 100 and 102 correspond to sampling of designation
15  images, Image 1 and Image 2, at times T1 and (T1+DT), respectively. As stated
before, the two images are préferably acquired by the same imaging sensor
with differing but similar viewing directibns, and preferably in quick
succession, i.e., with a small DT, in order to ensure similar lighting conditions
and minimize the effect of any moving objects. In a typical case, the images
20  may be sampled from a moving UAV at times separated by less tha.q a second.
Then, at step 104, the two designatiqn images, together with the
corresponding sensor data, i.e., image sensor position and viewing direction at

the time of sampling the image, are co-processed by image registration

16



exanple, a fixed vantage point or a vehicle located with a suitable range
of view. Mre typically, the invention is applied to inages retrieved from
sensors Wa4esedase flying or otherw se airborne platforggy Rigs of
platfornms 5 include, but are not limted to: manned aircraft; unmanned
aerial vehicles ("UAVs") of all types and sizes, lighter-than-air floating

pl at f or ns, d1.88 | Lecti. ' i Fi gure
2. “ther o | oS} b gerl b BB dHRE 105RACAT SIS SMPIAEIS 11
teachings of the present invention for identifying 10 within a working
i mage of anshesge d. (BamsnthsticeHyeftewill hesnefisd: bat hoegs . anddyagsat iB% i nage
of a scene. In this enbodinent, correlation is perforned directly between

the desi gngidrBRangBABRS fanthis Hfrpedelisnghithegehe b6l simpledyithdge may be
af orenentioned range infornation. Specifically, steps 100 and 102

correspond to.sa L n f designati.on S . 2, at
times Ti a‘?‘fﬁlsfdgﬁtg%%ﬂag? gsﬁgﬁﬁﬁw_bege%}eg[%?%%ﬁgy %‘W%tl%é&?\?\%%lﬁn%ggs are
preferably acquired by the sane imaging sensor wth differing but simlar
Vi ewi ng di toeast 4 Sdenseannge neipZrtalihg ektentthat lit prefereblysprowides range dptarta snal |
DT, in order to ensure simlar lighting conditions and mnimze the effect

of any ”DV'AJFEQﬁSJ?é AfiR in&z{)geas&fﬁeieﬁﬁ{ylmwg pdefed 18 865N 2QeEMcndicatihed from

a noving V at tinmes separated by'l ess than a second. Then, at step 104,
the two desjgnation jmages,. together. with the  carrespopdi ng, sensor data,
i.e., | mag@% g’é@i%rs‘%%%?ﬁgioinb‘&ﬁgng? MG g\er E@tdl 8%: Yew Pﬂgh? i%r?él 8§3rrpl i ng
the inage, are co-processed by inmage registration 16 o

images. In most preferred cases, the range data is derived with a spacing in the

g0}

same order of magnitude as the -pixel resolution of the image, and in one
10 particularly preferred implementation, for each pixel of Image 1.

Independent of the above process, Image Sensor 2 samples Image 3 at
some time T2 (step 106), and corresponding position and viewing direction
data are determined. The task to be performed by the system and method of the
present invention is to allow identification of corresponding points of interest

15  between Image 1 and Image 3.

To this end, according to this embodiment of the present invention, step
108 employs the range information from step 104 and the sensor data from step
106 to generafe a simulated image generated by warping designation image,
Image 1, to approximate a view taken along the viewing direction of Image 3.

20  Then, at step 110, this simulated image is correlated Image 3. The parameters
of this correlation combined with the parameters of the warping together define
an interrelation (a global transformation or a set of pixel-to-pixel

correspondences) between Image 1 and Image 3. This interrelation then allows

17



WD 2009/ 122316 PCT/JB2009/ 051161 techniques to derive range information
relating to at | east a subset of the pixels in Imge 1. (Parenthetically,
it will bwombvekBisat | mage 1 and | nage 2 are i nter charryzmBResfosriet hi s
pur pose, such that the later sanpled i nage may be considered Image 1 and
DT may be defined as negative.) The result is referred 5 to as a "dense
range map" jdedtifieationtiantitiidraimade pfef poatl of prtencstdssipnagd watle ather

| ocations in the imge sufficiently densely packed to forma reliable

i ndi cation. of major surfaces of buildings within the field of view of the
designatioHnagﬁages. In nost preferred cases, the range data is derived
wth a spacing in the sane order_of magnitude as _the pixel resolution of
the i mage, and Tursing now tpdiigumsud.oitete pr ey en ﬂlﬁ?ﬂf’éﬁfﬁrﬁfﬁw&ﬁ?mﬁ&f each
pi xel of Image 1. Independent of the above process, |nmage Sensor 2 sanples

linage 3 afhe sRARod 0Fehd Présehemvefibn. T e@bbapRands n@npediyt siefiland
viewing direction data are determ ned. The task to be perfornmed by the

system and net hod of the resepnt .ipvention_is |, ' | T L,on of
cor r espdndi GH&Q#@"’ ‘{]ofrﬁ%‘r‘r&s?’ bT{S] HUREL W?%l%ggéf @\,ggéﬁﬁg%‘t a%&laérg this
end, according to this enbodi mrent of the present invention, step 108

enpl oys t heefeserge viiewingnditéasionf r om st ep 104 and the sensor data from step
106 to generate a sinulated i mage generated by warpi ng designation inage,

| mage 1, to apprgy ¥i s drakien i81a286 Tnfierevi it Mehadk S @ké 9ampled! Mage
3. 20 Then, at ??fgg, g‘?ﬁtrh’is sT mul atzeda%le%age s correl gt ed Imagep& The

paranmeters of thjs correl ation conbined with t ar, ters of {he warping
t oget her déf Flﬁéeshgﬁ a?&t@&?rgtfat pq}ﬁes(pgnamgoié] St?l?saﬂ@q %ﬂ%ﬁ?&ﬁsﬁﬁﬁ% eg’e?\tof
pi xel -t o- pi xel

step 204, the two designation images, together with the accompanying data (to

v —

10 be described more fully below), are co-processed by image registration
techniques to derive a dense range map relating to at least a subset of the pixels
in Image 1. At least one of the designation images is registered with the
reference image (obtained at 205) to generate a transformation TR1 {step 206)
which interrelates Image 1 with the reference image, and the transformation

15 together with the dense range map are used at step 208 to derive a local relative
depth map for at least a subregion of the reference image. Most preferably,
registration step 206 and a parallel process 206’ for Image 2 are performed
prior to the co-processing of step 204 and the additional data made available
through derivation of the transformations TR1 and TR2 are used to further

20 refine the accuracy of the co-processing. Additionally, or alternatively, the
local relative depth map derived by casting the partial relative three-
dimensional model of the scene along the reference viewing direction is used to

enhance or render more robust the correlation of Image 1 with the reference

18



correspondences) between Image | and Inmage 3. This interrelation then
allows 17 WO 2009/ 122316 PCT/1B2009/ 051161 identification in either imge
of a poi R{pahodBbakest designated in the other inmage. TaHTARAGHIRsE O
Figure 3, there is showmn an alternative enbodi nent of the method of the
present invention. This enbodinent is generally simlar to 5 the

enbodi MentiBloc i OHAR 18 ndil FRAPLAKTORMARIPTRIC GHiR agalncay 1 @ total

ref erence Vi ng direction. Thus, as before, designation inages, |mage 1
and Inmage 2, are sanpled at_ tjpes, Tl and (.TI +D'I1' , ;correspondi to_ steps
200 and  202ndeRRRITY Py, 2 ApiXelDEPisT MERRPEALHELY o REOVIORS | SNt
together with the acconpanying data (to 10 be descrihed nore fully bel ow),
are co- pr ogfssestidy to mepepoint of imteiesnin betthdiractéomnst betdeen Imagedennd r ange
map relating to at | east a subset of the pixels in Imge 1. At |east one

of the desjgnakli | Sl .eq] r ¢ h the reference innage (obtained
at 205) to@gﬁ%@g’?@%ﬁ%&éﬁmwgﬁ Sﬁa!\j(dst ep 206) which interrel ates
Image | with the reference inage, and the transformation 15 together, with
the derfse rangeAteitemRd2yfwagaSensen 2omaples daageed #1198 g 42 ¢84 dept h
map for at |east a subregion of the reference i mage. Mst preferably,

regi strati goprédon adiflon Mardbivihe Aireesss dafbaref detetrhinede TRednmge
performed prior to ?Ie co- processing of step 204 and the additional data

made available thr h derivati f.the. sto ' L are
used to T ubharnssy G e Thank St DoBeyob i, ENSRTBELRES bt 3ih. 16071 T
or alternatively, the .

correlate Image 3 to the reference image to generate transformation 'TR3 (step

214). The availability of the local relative depth map again renders this

10 correlation more reliable and precise than would otherwise be possible.
Transformation TR3 then allows mapping of points of interest in both
directions between Image 3 and the reference image, as indicated by step 216.
Steps 210 and 216, taken together, thus provide for transfer of points of interest
between Image 1 and Image 3.

15 While the above described method may be applied with substantially
any reference image and reference viewing direction, it is cleatly advantageous
o choose a reference viewing direction which is intermediate to the first and
second viewing directions, thereby rendering the angular discrepancy between
images to be correlated. For this reason, in a wide range of applications, a

20 reference image with a near-vertical viewing direction is advantageous as an
intermediate angle reference image for correlating between images taken from

opposing directions of a region of interest.

19



| ocal relative depth map derived by casting the partial relative three-

di nensi onal nodel of the scene along the reference viewng direction is
used to wolangE2sx render nore robust the correl ati on GCIEBAE/FIMit h t he
reference 18 WO 2009/122316 PCT/1B2009/ 051161 inmage. It will be noted
that transformati on TRL, which again may be a global transformation or a
pi xel - by- pi xel Ghkppiypa likely cholye fiova isdesenfireferemre images os awlaiabase of map
points of interest in both directions between Image | and the reference

| mage, as Lo EaledPYarithBR Hierchdl iBhEE. 2Fhe HUBHR_ RREAAGNZmAFTHE oS

| mrage 3 at correspondrng position and view ng direction

data are determ ned. The inmage apd, sensor data then used together
with the I@@QIOW@I@W\‘F@S%W%FP ﬁfﬁﬁﬂg’ct%l tegiGin &pan @Mgea‘ga@g?%wg rﬁgy erence
image to generate transformation TR3 (step 214). The availability of the

local rel aéin}{)ﬁ))dﬁ@meﬁ@aifiilab@eﬂﬂeﬂ&ritfhigSthla(}egtﬂtnaébatdfdilemls?gnﬂﬁbn abl e
and precise than woul d otherw se be possible. Transformation TR3 then

and tne rerargiShrd fegefertied IS v b Jand GRE, LGRS TR BET° °
taken together, thus provide for transfer of points of interest, between
| mage 1 andotedatet the lacalwelative rdepsip onep desived HERMnBERFISAAIOBIRAESS ed

with substantially any reference inmage and reference viewing direction, it
i s cl ear|ynagy i ase ousistet@l Qe TRe ADTRA SRRREthd dvdah gellitivecdemth miapch is

internediate to the fiTst and second view ng directions, thereby rendering
the angul ag:ypdniceﬁfs; RESa %Yuc?ﬁutiﬁﬁgrnresolution than a wide-area DTM, and is up-to-date
as of the time of sampling of Images 1 and 2, it provides an important tool for
10  achieving more reliable and precise registration between Image 3 and the
reference image.

According to another optional feature of this embodiment, as mentioned
in tile background section above, the primary choice of features common to
widely spaced vie\;;ring directions in a dense urban landscape are typically

15  associated with roofs of buildings. Accordingly, in certain impiementat“ions, it
may be advantageous to apply a filter or mask based on the local relative depth
map to selectively give increased weight during the registration process to
pixels of the reference image identified as corresponding fo rooftops or other

elevated features.

20
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imges to be correlated. For this reason, in a w de range of applications,
a 20 reference image with a near-vertical viewi ng direction is advantageous
as an i WErmBdbahe angl e reference image for correlati %Thgggq,g@gh k{rages
taken from opposing directions of a region of interest. 19 WO 2009/122316
PCT/I82009/051161 Clearly, a likely choice for a source of reference

i mges is a daﬁ@%ﬁ%éaggﬁe%@@mhaaﬂhbyammseﬂ plieheaengeehdabesly fhe

present invention nay enpl oyed in a case where no digital terrain map

(DTM is avail abl e, ma npl o re avai | abl t he
regi st r at PBFYCAS FWE@ a%féttﬁ%wﬂ@%?r%g 8“’9?‘7&5 PEF @Pg“ﬂh% %m'b%lﬂ?%ven in
the latter case, however, it should be noted that the local relative depth
map deri vadope oﬁthdxﬁrestmiugvmmms deefiyeesi inthe dppantdedeciaioy. stered with the
DTM Since the local relative depth map typically has a nmuch higher
resolution than a wide-area DIM and is up-to-date as of the tinme of
sanpling of Images 1 and 2, it provides an inportant tool for 10 achieving
nore reliable and precise registration between Inage 3 and the reference

i mage. According to another optional feature of this enbodinment, as
mentioned in the background section above, the primary choice of features
common to w dely spaced viewing directions in a dense urban | andscape are
typically 15 associated with roofs of buildings. -Accordingly, in certain

i npl enentations, it my be advantageous to apply a filter or nmask based on
the local relative depth map to selectively give increased wei ght during

" the registration process to
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pi xel s of the reference inmage identified as corresponding to rooftops or

- other elevated features. 20 20 WD 2009/ 122316 PCT/1B2009/051161 It wll
be apprecwatmwom/i23e t he above descriptions are intended RGWIB2009/0SE6Ve as
exanpl es, and that many ot her enbodi nents are possible within the scope of
the present invention as defined in the appended clains. 21 WD 2009/122316
PCT/ | B2009O3ATGIE CHAAMEB ISLAIMED IS: 1. A nethod for identifying within a
wor ki ng i mage of a scene a point of interest designated within a
designation image of a scene, the designation inmage being taken along a
first view ng direct pometinsli fheidentifying withhge wedking timkee ofl ®sgene second
viewi ng direction, the second viewing direction being significantly

non-paral lel.to the, firsh_Vview _ [Falal Y t he
steps of: ?3})& o'B}i APIGEERY ée%%rga\ﬁ%%gwﬂ%fﬁm%gl%% Btsﬁems%%%ér)&fc 9?E§én?b?g?ni ng a
wor ki ng i mage of the scene; (gl)( correl ating,said gesignati g}f‘i:rra e and said
wor ki ng i médgsigmition ireagshbeingdakemplonga firs Vigyngofireqtian W@ff WOBfINg 5 d
designation inage and said working imge with a common reference inage,

S0 as to dghh¥e Ring bR Qléid N séeinteeiewinigd ditesti@nathieosedomeg eiewing

direction being significantly non-parallel to the first viewing direction, the
method comprising the steps of:

(a)  obtaining a designation image of the scene;

(b)  obtaining a working imagé of the scene;

() correlating said designation image and said working image with
each other, directly or by correlating each of said designation
image and said wbrking image with a common reference image,
so as to derive an interrelation between said designation image
and said working image; and

(d) employing said interrelation between said designation image and
said working image to derive a location within said working
image of a point of interest designated within said designation
image,

characterized in that the method further comprises:

(¢)  obtaining a secondary designation image taken along a viewing

direction displaced from, but similar to, the first viewing

direction; and
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and said working image; and (d) enploying said interrel ati on between said '
desi gnation image and said working inmage to derive a location within said

wor Ki ng woBem@31g point of interest designated w thin psaipg6i88588at 1 on
i mage, characterized in that the nmethod further conprises: (e) obtaining a

secondary designation i nage taken along a viewing direction displaced

from but sinml@y togobhscekéingt suieWledgnalioneCimae antl 23dV\eedid122316
PCT/ 1 B2009/ 051161 (f) "co-procCessi ng salrd designation i nage and said
a

secondary designation i.nage to derive yange infornation relatin o]
Sl ural |ty of pixel s MFIEHPJAERata Sl iabee: HupEBgtaR iRl % 11
rel ative three-dinensional nodel of a portion of the scene relative to the

vi ewi ng direction of phmilitydefSpigels irosaid rdegignatinerigiages thedelpjadefining al at i ve
t hree-di nensi onal nodel is used in said step of correlating. 2. The nethod

of claiml, wherein gﬁjtﬁg %i&ﬁvffhrﬁ@—di&%ﬁéibﬁﬂ ﬂneeélu%ke% offGH 8¥idsceabd range

;
information to generate sinmul ated 1 nage generate ? war pi ng said
designation image to i

proxi mate a, view taken. al png.said second view ng
direction and correl @cﬁtﬁ\? o Wﬂ&@?%’&&é’r}ﬁ%‘ﬁd%ﬂ@tﬁnﬁm&&eed i mage.
wherein said partial relative three-dimensional model is used in said step of

correlating.

2 The method of claim 1, wherein said step of correlating includes
employing said range information to generate a simulated image generated by
warping said designation image-.to approximate a view taken along said second
viewing direction and correlating said working image with said simulated

image.

3. The method of claim 1, wherein said step of correlating includes
correlating each of said designation image and said working image with a
reference image taken along a reference viewing direction, and wherein said
partial relative three-dimensional model is used to derive a local relative depth

map for at least a subregion of said reference image.

4, The method of claim 3, wherein said reference viewing direction

is intermediate to said first and second viewing directions.
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3. The method of claim1l1l, wherein said step of correl ating includes

correl ating each of said designation inmage and said working image with a

r ef er encewormagpeizeamken al ong a reference view ng directi aCT/@acombBsei n sai d
partial relative three-dinensional nodel is used to derive a |local relative
depth map for at |east a subregion of said reference imge. 4. The nethod
of claim3, whefein Thednetiodr @%cdalmeﬁj rghereine saidoseferendenimpgedsate to
said first and second view ng directions. 23 WD 2009/ 122316

PCT/ 1 B2009 g%%]'ﬂiyhceglri% Ihén TRl homré&iceGhiicl) dnd WiRF&h RakPiolal &iLiRN¢Sth mage i s

a geograp hored reference 1 mage, and wherein said |local relative
depth map is .a local relatiye.digjtal. el evation for,at least a

subr egi on @lapsléi%?o‘@id'ﬁ ﬁi%&?ﬁ%ﬂ@%\% ok f?’é%ﬂ%gti geglgh %%auflret hod
of claim1l, wherein said designation inmage and said working inmage are
derived frgeogtaptiealéntnihagd nefesmmedmmge7. A nethod for identifying within
a working 1mage of a scene a point of interest designated within a

designation i mage of a scene, the designation inmage being taken along a
first viewing direction and the working inmge being taken along a second

vi ewi ng directign, t?ﬁe%ﬂaﬁﬂé of B9, whleF A shRNdBeeMicy] BRAdd SRDEdid
non-parallel to the first viewng direction, the nethod conprising the

fs ;[ regf Of,i' e&ﬁ%%lggg}i&%gipgg%aegggd ﬂgrarf (i.'h eri%rﬁeiﬂleag?rflg get‘n%o?sc.ene taken along the
7. A method for identifving within a working image of a scene a
point of interest designated within a designation image of a scene, the
designation image being taken along a first viewing direction and the working
image being taken along a second viewiné direction, the second viewing
direction being significantly non-parallel to the first viewing direction, the
method comprising the steps of:

(a)  obtaining a designation image of the scene taken along the first
viewing direction;

(b)  obtaining a secondary designation image taken along a viewing
direction displaced from, but similar to, the first viewing
direction;

(¢)  co-processing said designation image and said secondary
designation image to derive range information reiaﬁng to a

plurality of pixels in said designation image, thereby defining a
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(b) obtaining a secondary designation i mage taken al ong a view ng
direction displaced from but simlar to, the first viewmng direction; (c)
CO- pPr ocesgh RGhopdbfAgdesi gnation image and said secondaryPCq%Fw%ghgp i mage
to derive range infornmation relating to a plurality of pixels in said
designation i mage, thereby defining a 24 WO 2009/122316 PCT/|1B2009/ 051161

partial relative t hr}_ﬁﬁﬁgl PR PNRbc-TRABASI8halamBAEL 6104 pAtidief Bfeft®ne
relative to the viewing direction of said desi gnatl on" i mage; (d) obt ai ni ng

a working image of t t aken a 1he . vuevmn |rect|on (e)
enpl oyi ng sai d range“??qjﬁv&r ?SWW’ng‘gF%t'QPé)%agfgﬁﬂ gener at ed
by warpi ng said designation imge to approximte a Vi ew taken al ong said
second vi ewi ng (di}r ecobtaiming fa) working| iatagegofs thiedsosne Khken aloagethei tacosdi d
simul ated image so as to derive an interrel ation between said designation

i mge and said wor kh@%ifl}%ﬁﬂ'@emﬁpd (g) enploying said interrel ati on between
sai d designation imge a sai d”working image to derive a | ocation within

said working ijymge of poi nt_ of interest designated mnt&%& S&Ld
designation in&de. ENPOYHRE feid traeeiRRRmAtion g SRErR A SIMIAER da86ge of a
scene a

generated by warping said designation image to approximate a
view taken along said second viewing direction;

(f)  correlating said working image with said simulated image so as
to derive an interrelation between said designation image and said
working image; and

{g) employing said interrelation between said designation image and
said working image to derive a location within said working
image of a point of interest designated within said designation

image.

8. A method for identifying within a working image of a scene a

point of interest designated within a designation image of a scene, the

| designation image being taken along a first viewing direction and the working

image being taken along a second viewing direction, the second viewing

direction being significantly non-parallel to the first viewing direction, the
method comprising the steps oft

(a)  obtaining a designation image of the scene taken along the first

viewing direction;
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poi nt of interest designated wthin a designation inmage of a scene, the
desi gnation i mage being taken along a first viewing direction and the

wor ki ng  wioeges/ixessg t aken al ong a second vi ewi ng di r ectR@HB20M#5EI6t ONd
viewing direction being significantly non-parallel to the first wview ng
direction, the nethod conprising the steps of; (a) obtaining a designation
i age of the scéne taRiginiagenspoondary detignatiaimaseiakes: 2lopg Dyiowing

2009/ 122316 PCT/1B2009/ 051161 (b) obtaining a secondary designation i mage

taken al ong a vi ew ngir@éticictdigpladéd PHrdaed bht Offinilwt 16 fhe afirst Oviewiagf i rst
viewng direction; (c) co-processing said designation inmage and sard
secondary desi gnatiﬁn imarge to derive range information relating to a
plurality of pixels Fedith desi ghation image; (d) correlating said
designation inmage with a reference i mage taken along a reference view ng
direction so as(®o deoipveceasingi riaéd r desighativtheimegsn and dsaidsisgaendasy | mage
and said reference inmge, said range information being used to derive a

| ocal relative dept aeg{%&,‘%&{m&?{?ﬁheﬁtd@i%uw %_@f;ioﬁfnaﬁéhdrélﬁﬁlfg qpcy

i mage; (e) correlating ng 1mge wth sard reference 1mage so as

to derive an int errei atf’.on tbpet en sa&(?esr f

rence i mage and said
plurality of pixels m sa1

1gena%0n Image;

(d) correlating said designation image with a reference image taken
along a reference viewing direction so as to derive an
interrelation between said designation image and said reference
image, said range information being used fo derive a local
relative depth map for at least a subregion of said reférence
image;

(¢) correlating said working image with said reference image so as to
derive an interrelation between said reference image and said
working image, said correlating being performed wvsing said local
relative depth map; and

(f)  employing said interrelations between said designation image and
said reference image and between said working image and said
reference image to derive a location within said working image of

a point of interest designated within said designation image.

9. The method of claim 8, wherein said reference viewing direction

is intermediate to said first and second viewing directions.

26



wor ki ng i mage, said correlating being perforned using said | ocal relative
depth map; and (f) enploying said interrelations between said designation

i mage andyosadofiabAker ence i mage and between said wor ki ngdrimgseastssai d
reference image to derive a location within said working i nage of a point

of interest de5|8nat ed within said designation inage. 9. The nethod of
clai m 8, wherei i0sai dheemetleant ofvclabinng, dvherein oaid irsfarencsr imagatis ao said
first and second view ng directions. 26 WO 2009/ 122316 PCT/|B2009/ 051161

10. The ne aﬁﬁ:cﬁ!lﬁ'aﬁb%re%@fe%ﬁbéﬂ%ef %&%ﬂﬁ?ﬁn‘sﬁﬁﬁ%@?rﬁaﬁ@@ﬂ@ﬁh' cal l'y
anchored reéeféerence |mage and wherein said local relative dept h pis a

| ocal relative, d| it I.ev Jon .or at Ieas ubr egi on of ,sai.d
geogr aphi cEi#pylsa# q),q?ﬁerg Jérpe H@]enfe,g@égn map for al leas% a sueb%egxon of said

geographically anchored reference image.
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