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measure distances on an aerial photograph like you can on a map. That is to say, an

aerial photograph is not a map. The effects of tilt and relief are conventionally
removed from the aerial photograph by a mathematical process called rectification.
The resulting orthophoto is a uniform-scale image. Since an orthophoto has a uniform
scale, it 1s possible to measure directly on it, just as with a map. An orthophoto may
serve as a base map onto which other map information may be overlaid. Until the

issue of scale is dealt with, it is difficult to begin the process of looking for changes



serve as a base map onto which other map information
may be overlaid. Until the, issue of scale is dealt
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conprising: a two-dinmensional image filter for
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produce a refined list of change candidates.
Preferably, the three-dimensional image filter may be configured to compare three

dimensional information in both the first and second image pairs, thereby to obtain



3 three-di nensi onal change information, such that the
retaining and the rejectin% is on the basis of a
correlation with the three “di nensi onal change
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carrying out a one-dimensional search to find the feature in the second image pair,

using the feature in the second image as a starting point and carrying out a one-

dimensional search for the feature in the first image pair, and
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According to an embodiment of the present invention, the apparatus may further

comprise:
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a registration unit, configured for registration of an aerial photograph with a reference

orthophoto, a cross-correlator for:



correspondence neasure. Preferably, the paraneter may
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fu rTMpﬁmhﬁﬁefe&glyﬂie%bérﬁlﬂe &cadt® butasltepﬁnet:mgﬁ@ _Rf Wethigle

reference orthophoto, the registering conprisin
w1tlfanh%ra§tg% ¢ a registration attempt at t%ch step. g al 9

In an embodiment, the range may be substantially ten degrees and the step may be
substantially one degree.

Preferably, the registration attempts may be carried out on the reduced version and
the reduced version may be obtained from a pixel reduction unit located prior to the
registration unit.

Preferably, the registration unit, the cross correlator and the selector may be
configured to repeat the initial and at least one further registration attempt for a second tie

point.



a) making an initial registration attenpt between the
aerial photograph or a reduced version thereof and
the reference orthophot o, based on a first tie poi nt,
b) carrying out a first cross correlati on between the
aerial photograph and the reference orthophoto
according to the registration attenpt to obtain a
fi r Brefacably, etbporglgraten umsasher erosc poradlatbreast thensdector may be
[ , s
con‘f"?@r@@ i) gspgaé %gﬁﬁ% éi %'lcg?%gg Plge M&We%&%ﬁ%{l afgénrlpg or a third and
ﬁmﬁbhspmnhﬁﬁ@ﬁeew and the orthophoto and carrying out
a f ¥hd %}%Ergﬁg 9113? ffrief &ln%{sg g c%c?mgkf ﬂ)le:r for ff(Hfow con%ours along
corres ence’ measur e, I Nng as arr t
diagqmals betgyicen the fountie mmtetvplete;mmb d rmgltst ¢fehernug1mesae1stratmn
cor RPGR t
he S e & i apgatief pEU WIRLEMREIR, B ALBLL Sed e
comppsige Uegistermgedine el yphotogrph avitdmet wferenay dpiborghotve |t tregistering
%yy' &fen9fs t he aerial photograph or a reduced
Sﬁg@% ﬁﬁg§eof The nmet hod may conprise carrying out
st epwi semeling gh nejtidf regifizationiathmpt bateleerrethé agrial photograph or a
ah@vakibit R0k the
re uced rrla el%@f ﬂggt A {egf cﬁ*ﬁl%ﬁho% %?sgd Igﬁ % C}CFTE ﬁé)%é{ntét[ ly or
al t®r nat r?a\refm}g out pdirg arcaﬁeoleeriatwa;bewelameaqgtzieamfograph and the
refdr&Qk %I'tﬁ(ﬂﬁlbtg rhc&%rdth%?o h@erre l‘atlgn g&&%{ 135 Iabt%fn aiaﬁl:s? g&?e%gondencc
version 't hereo era ar amet
meqspiet i al | y be an angul ar paraneter and mhereln t he

t hod t
e nar acet! P LdsTR 4 BErhRRE Sl 31 A8 Pl oo
betyerntthryresiphphomigephret f mduwdyvewmmpherscé apditheyirthephotet and carrying
out §tf§’91 é‘gss %Bz%l&lioﬂ% ajtalh g?urﬁﬁgéo%e%ohgénﬁ ﬁ%e[selg gagrd an d

registration attenpt at
met tL)od nw}ec@éﬁrpﬁr 8 ol | ﬂng telgistratiomg ettenapt bEleldingt hE highest

: corfegﬁ‘ﬁﬁengé mtefsﬂredﬁgir eif rgtglﬁ.ﬁl ShE Buele unp. dtug%m 0 Qheot;a J‘:s‘ of the
one degr ee. era & regirstra
cmﬁewm@@meemwued out on the reduced version and the
re |
br e IE Anichs A AR Bl bt i 31T RBioprpty pr o
redupad) version dgrsel. one further registration attenpt for a

secpdniihé Iﬂﬁ) cQ)'inprxse carrying out stepwise changing of the height, and making

a registration attempt at each step.

Preferably, the step may be substantially one meter.

Additionally or alternatively, the parameter may be an angle of registration of the
aerial photograph or a reduced version thereof.

Preferably, the parameter may initially be an angular parameter, and wherein the
method may further comprise repeating stage ¢} wherein the parameter is a registration height
of the aerial photograph. |

The method may comprise carrying out stepwise changing of the angle within a range

and making a registration attempt at cach step.



The method may conprise repeating the initial and at

| east one further registration attenpt for a third

and fourth tie point respecgtively. The net hod may

conprise follow ng contours al ong di agonal s bet ween

the four tie points to determne a quality of the

out put registration. According to an enbodi nent of the

pr eSkeawnethgdmat ¢arprise kettingharangats bamf the wrdeh ef ten degrees and the
stePBBRLE §iSorddr fHoftS8dfdeer for classifying the identified

tie points as stable or unstable tie points, thereby

t o Ricierablyathe regisitatibh ettenipts pay bt saraerdods @pehe wducst versiopand

s kA0 5 - tie points.

theg{dg‘%gr" E‘E?ﬁ?’g‘:?%%&&bg?%?ﬁ ‘g?“cﬁ%&g!?gs‘a stability index

t 0 Eheawethdd mph eomprise perienting, the Pritédl @andibl lpast ohe fistherbiepistrayion
attekdpB¥Xa BRYnd RGlUAe color as a stability indicator.

Preferably, the classifier may be configured to

c| ablks mther may) comsprisn sensiting, thPmétfab padbhtyleast hee ikthergkdistation
atteBYfoP L8 A BURE (e bAnGLBSh by at |east one of broun

sta . Pr

and grey as erably, the stability index

may Thyemetbethinay epraprisa delloweng eontsbisedangrdiagogalé bitweent the four tie
. poiftS AN fife Qﬁ&%@@t}?@y&lﬁ%ﬁ%@gﬁé}&‘ as being stable or

unstable. Preferably, ssifier may conprise a

f eafeperdingetworphpikedithent of dcoppaient ingerdiop, e appruates eay therther
confprikd: di ngs, rocks and stones as being stable. According

to an enbodi ment of the present invention, the nethod

may? flassifieefor daspibring dhetidratifedeties pejfits ai dtablei dryiinsighlp tik points,

ther!elg}' foh&inﬁﬂafté ﬁﬁ@&?@li@goi ﬁsoageore ﬁﬁ%{%n. ctoi'rg Bﬂdn&t ﬁnatggseon
i dentifying conprises the steps of. i entlﬁpyln a
stablq tieqoinitsipge f eat ure on one of the correspondi ng

| AGBRRrablyCRE CMLr QY p N MEPASLAR }assity the tie poins.

cross-corfelation to find a corresponasl gl rmPge

f ediratemblyntha stabilitydpdex afay seelude cotatps e, stabdity ipdisgfout  a

re =0 ' ' ai d

Cor e LA B o RS S A WP T e

f eafrateblyf the skassifias gy be senfigered troclassiffivat lesetrane speraeti angd grey
as slafgoe feature being accepted as a tie point for

aligning only if said first imge feature is

sudreiseblyl thy stabilivy inslpx sey cherusolle seithomeonttitirmisiorredgnition to
recdghi9s e@aémeagFjg&s adile Sl fofe'opgns&m. identified tie

points as stabl’e or un e tie points, thereby to
el i Br¢fpably, thaslastifier méyecqpwirie & featide basmnizer f@giestgniaingany of

bard¥arth BEiGAL, FURORT sed ATBYES il St ADI € tie  points.
' According to an embodiment of the present invention, the method may further

| comprise the steps of:

identifying points in the corresponding images to serve as tie points the identifying
comprises the steps of: identifying 2 first image feature on one of the corresponding images,
carrying out one-dimensional cross-correlation to find a corresponding image feature on a
second of said images, carrying out a reverse one-dimensional cross-correlation from said
corresponding image feature to find said first image feature, first image feature and said
corresponding image feature being accepted as a tie point for aligning only if said first image
feature is successfully found by said reverse one-dimensional cross-correlation,

classifying the identified tie points as stable or unstable tie points, thereby to
eliminate unstable tie points and base a registration of the corresponding images on stable tie

. points.



WO 2004/ 084136 PCT/1L2004/ 000263 10 Unl ess ot herw se

defined, all technical and scientific terns used
wheoelis418ave the sane nmeani ng as comonl y und@®CIIDHAH4/000263

by one of ordinary skill in the art to which this

i nvention belongs. The matgri al s, nethods and

| es provid h arelllus ive onl
noﬁfrﬁﬁ%se% %I?i‘“%eo‘i’g@eﬁa fm techgicalsandign ttﬁ‘?TFsoﬁ'?e%ﬂ’e’ietha"e
the g?rh@ QReaAlE &Y ebRMoRly LR R6&F %Wodend/fe&tdhﬁf‘y 'slﬂMQthﬁé" art to

perform ng or conpletlng certain selected tasks or
whigh épslrygnmmabelmse clihiermgatemals,roéthogsy iand sxaveplessprbyided berein

th f. M
are BT a8 RGP Bl on and equi prent of
5 pr qﬁﬁjléxﬁ@htﬁimp@f RNh&hed aheystehhsitha Hesentyml@ifiofintél0es

tpresent i nvention, several selected steps could be
perfprpingnen eerdplsting setiain dleeted pslsyors siEps\avch amselesying control

poil}qg%zﬁﬁl%iw Fﬁ%‘é&]gtn&aﬂ&,e&nx c:f(:oI rb lof tgere ff e@?& 9\%%' z?c'gordﬂng to

ereo exarp war e,
actuhh mstmmntamon an0 Wadipaent bﬁpkﬁmm eﬁiba&m&nfshcbﬂlhe rmeahod and
it. As software, selectff s of thelnventlog
systegg,p the, greseny) wweniiany several 37 s spuldobg Wyplemented by

10 hardwhitb oY &Y DRVaREHN dn 6@ e Wi S)psYerﬁ‘ o?%H? 'ﬁtrﬁﬁzvaféjéﬂ A'doAbhation

suitabl @ operating system-In any case ected steps
theredf. t heomerdopleand HBdeyst epleofedt steps mfethei mvemtml dowld be

impleReebn Shn e G AP FOERRe P Bt e B Bvardm egpd

be iftfpldrA&tédIad k PRfality lofisoRiRThOfLRhs bliak ekBouktd¥eby a computer
followi ng references are nade to reference and

using aryeshitaplesqpesatingrsysismt | Insenyaprpes edenier Fapyesthgrmghhpdand
15 syst%[ﬁ o t%le.f.ﬁ Ve V88, Yo u@ﬁlgseoiieescéggi asa{)éiﬁ% g'ﬁlgglggf?dog% g'dgpag[?rocessor,

se varl erns are 1 n

sucls ywooriputing et for elkBGRE EﬂMi@%ﬂﬂrﬁuW NGS The
invention is herein escrlbed of exanpl e.only,
wi thh 1y Bpigfednew thef it the follew rﬁ@cea raa%m@eg 10 ygfepence 'and
currRefhddes, 61‘3{095{%'[‘% @%nhanag@s 6F BMbPASA FlAGhE ok befdre and
I's stressed that e particul ars®shown are by way of
afteeoagss or anagef mairsp Erhwsagouf tePBs atel inehded fovke sphemussison
of the preferred enbodi nents of the present invention
only, and are presented in the cause of providing

WhaRIET DESCRYBHION OreTHRO RN MNGEf ul and  readily
under st ood_description of the principles and

condipiny @ntloaslpél@tesn described, tynyanef exampla only;, svithagtarence to
the Q&oﬁ’}ptagm}g d .'?erﬁgg.e“}lﬁl S%QQ He S Gty g‘l;v tg%éahxlaaug)gs if Iagtall, it

1s stressed that the particulars shown are by way of example and for purposes of

1 20
|

25  illustrative discussion of the preferred embodiments of the present invention only, and
are presented in the cause of providing what is believed to be the most useful and
readily understood description of the principles and conceptual aspects of the
invention. In this regard, no attempt is made to show structural details of the
invention in more detail than is necessary for a fundamental understanding of the

30 invention, the description taken with the drawings making apparent to those skilled in
the art how the several forms of the invention may be embodied in practice.

In the drawings:
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invention in nore detail than is necessary for a
fundanent al understandi ng of the 30 invention, the
wdesrspiss on taken with the draw ngs maeki ng apparanteo4/600263

those skilled in the art how the several forns of the

i nvention may be enbodied {4yjn practice. In the

dr n 61 : E

O #6795 U BTN LR RARARER do ey
smamut a survey of a scene; FIG 2 is a sinplified

nal di agram show n a nmet hod of obt ajnj and
%ié ih BRI nﬁl I digeragm, shiayyps @ n&fﬁﬁ?fg%% OBtainimg and
proc@ﬁsfé REBEGA GRS (%blngutto%aﬁc mh Wedction %&Rﬂhg&@t 9feferrcd

present Invention; Is a sinplified bl ock
embddmgmanfﬂalelpnsbnanwrgman a| rcraft on-board phot ography

t { di
=Y 6o 1 ot BmalifiSt; lgel R AR the ot cigard
phot@&rdpﬁf; by 6 @R twith thE RssettBibIdRR@lts;msai ¢cs accor di ng
preferred enbodi nent of the present 10

i mFéGrt fl bna simptifiegd bﬂ@kah@rwmlllﬁst@@na thsclerratiggr efnteft and right
[ S a
threl-trHel el MRosbltS Rl 181 e e i o g
mvennfnqr mation; FIG 6 is a sinplified block di agram
trating epipolar filtering according to

il |
br FIGr 5 gt 2ot h{wlsfdlaaf@nplﬂiegtaﬁmg.%é?ﬁ P%leeerémmn@nal
change liRfofmati §Johﬁﬂn5’tlld?1qgc%€ sidnhMSiah

ver ager or renovi ng rom suc eSS| ve §D’
i MidEs6 oy a singilifial bﬂ@krmgramﬂaﬂtmiingbﬁpoﬁr fiftedng according to

|'l.ustrat | t t
a el bSO ST BRBORY TBEPEs 1 rom successi ve
di giGal id @Elhﬁ}jlﬁieHQﬁ&Jkﬁilaé:rb@ ill8stka¥ing afiaWBlabér B¢ r&h&gﬁé‘mc

il lustrating apparatus for registering a current
biasfyeuy sucsorsivead Uﬂ&eéﬁcdlg@iﬂtWUphUv@d%%cordl ng to a

pr %ﬁ@r qu s’ﬂfﬂﬁﬁi{' B{ﬂc gmp 1fiSE ?'ng an Wff an%e apparg:t‘us for

s a s Qi agram i redgT et
rem@appg[m bias fmfn ﬂlﬁe&’stsnlvé)digigl teﬁﬁaabinedélse poi nts for use

di t f d
n@h&gagrgﬁ%esglpg ti{‘?f{gl 1%2@32 ﬁfl{spr%%ﬂggg?pnesr teorergél(setermg a current

image over a reference orthophoto according to a preferred embodiment of the present

invention;

FIG. 10 is a simplified block diagram il]ustrating apparatus for identifying
stable tie points for use in image registration according to a preferred embodiment of
the present invention;

FIG. 11 is a simplified diagram illustrating two-dimensional change detection
according to preferred embodiments of the present invention;

FIG. 12 is a simplified diagram illustrating dynamic movement detection
according to a preferred embodiment of the present invention;

FIG. 13 is a simplified diagram illustrating detection of manmade objects
according to a preferred embodiment of the present invention;

FIG. 14 is a simplified block diagram illustrating an overall change detection

process according to a preferred embodiment of the present invention;
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25 FIG 11 is a sinplified diagramillustrating

t wo- di nensi onal change detection according to
WO2ed®B4186l enbodi nents of the present inventi oRCTHLIB04/000263

12 is a sinplified diagramillustrating dynamc

novenent detection according to a preferred

embedj, Mpntis of s‘rﬁgliﬂ?&fﬁﬁiﬁam NS AAAD M %:rl?é@br H3aiIS 1R epipolar

sinmplified diagramillustrating detection of nanmade
rectofijation of FEH G@esdrding to a preferred enbodi nent of the

r t i.nvention; ElIG 14 is a sinplified bloc

G SRR Pagnpaish Gogis b SaheciARa PR Gheses for the
pref¥nP&BBES&didesRr ding to a preferred enbodi nent of the

present invention; W 2004/084136 PCT/|L2004/ 000263

12 FIG 15 is a sinplified diagramshowi ng in greater

16 PeSGRUTHER) PR g PREF LRI A IOPIMENTS 20 0T Cat i on

t r EBheOprebii® enibddihéits compasNh sesB@doNRiilising Shree dimensional
DESCRI PTI ON OF THE PREFERRED_EMBCDI MENTS The present

datz o geieRitPls waagss e sonfirgy gf elimpsie ehangeszanngrank fige the two-
501 0Pl ) SRS 195 SORLA, SRIESs i ORY L o

imnate C nsi ona
regidaationodf intagesborh ih mwg @imerkioms aytd tie threodipidnsiess, | any impedred

hods of .10 . regi stration.,. i.mages bath in two
metiPi AE FOPYiA 45 o B %iﬂﬂ@ﬁ@a @ﬁ%e:§1HW&S‘PH%rW13°“ to be

mad@ MR rAbre tBE DY BT PiRBodiReRRIBL Gn Brdetdd HRtew of filtering for
t hr ee- di mensi onal conpari son to be nmade. "Furthernore

changgs which bas the conseqlienenofrassisting thor vlereeprosgssorintasive parts
L1 [ f h whi th f
of th <offraort Blore B SRl Ctlafes ey BITRLRY 068 ropgsgor-

inteRSINPataE&ON process to change candi dates al ready
filgered hy | ess processor- 15 intensive stages. The
pri HRs pricaplsn and opestios i or changn saigetione sxstem rcargieim the
pre2hf G etinB8n t.lﬁa)z e b?ﬁe‘?%ﬁt&\ﬁe OithOReferdRe b tgé%tdgzﬁcings and
understood wth reference to the draw ngs an
acceopaTypEggasogpti@scr i pti on. Before expl ai ning at | east

oS i Sy o b e
undeRRodC tHat QRe tiRvddndRt Abd BmPled in its application to the details of
construction and the arrangement of the components set forth.in the following
description or illustrated in the drawings. The invention is capable of other |
embodiments or of being practiced or carried out in various ways. Also, it is to be
understood that the phraseology and terminology employed herein is for the purpose
of description and should not be regarded as limiting.

Reference is now made to Fig. 1, which is a simplified diagram illustrating an
aircraft 10 passing over a scene 12 comprising a building 14 and a hill 16. The
aircraft preferably takes a first photograph in position 10 and a second photograph

from a second position 10° which it reaches a short time later. The two photographs

are of the same scene 12 and can be combined to form a stereogram. Alignment

between the two photographs is conventionally carried out manually by identifying
distinctive points in the two images, known as control points. The idea of a

stereograph is that, since the two photographs are taken from different angles, the
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construction and the arrangenent of the conponents set
forth in the following description or illustrated in
WO Re4@WB4MbP ngs. The invention is capabl e of ot h&CT/IL2004/600263
enbodi nents or of being practiced or carried out in
various ways. Also, it is t0 be understood that the
anglBF asahawh 8 bk AlsEd 19! M¥n ARRLNBENAGTE! fal & hAEt At
_ _purpose_ 25 of description and shoul d not be regarded
infoggatigmef thageenRef er ence is now nmade to Fig. |. which is

a si/mplified.di.agramil] ratin n aircraft ,10

o2 ety i bR Bround 3 BhsPit Pt wfirp by Movshevs o
condtantlscdié thrblighoudiwhefead phdtbSaphaldv Pepdp8&iva, §d that scales recede
. photograph In position 10 and a second photograph
intof the ndligtaBese o AEPWRYST:t i 3% Posiblghioc porpensatg ohatbematigadly t for the

' I — . r.aphs reof th ane .

persph Rl 0 orHRE R TIRLASE 13020007 13 g8 59 Focssing
powal iigrieedito poedibleerd hlign tavpephotigighaph®of@ph over a reference

conventionally carried out. manually by 1dentifying, .
orthgplgtp hand pehigks ﬁl?"s sppe ¢ iaultwo Aligarpeat T Sih RISPQSEnisr again
conRit ' -eqgraph is that, since the

tm‘ﬁgﬁl& %%iﬁg%ﬁ@%g?fg C?gggkﬂlﬁfogm di fferent angles, the

VO £ G0A¢ @34 36 RCTY bt 266d1 10QDE6R a digitalngukar model.  Contour

'nfi nformati gn cgp b sed .to obtain three-di meH%i %nal . .

IIOPIRARON £ g AP HO™; Hico FIVEROBETR JP ¢RIt dige-damensional

land@®dpel Phedidifl RQiPAeHAT0406h idnbeesRRALIEAARNS RLRIdA%uch as
have a constant scal e throughout whereas

_nBeps. Maps . .
buildmgs.dpea prd thedike. Pehovgle thesey ean brosuphempessdl later oreedisired

i nt [.S: ver, it i aQss) bl e t .

corth SE Sor TP Hiop B 1oraske er@? hRalrtol copyentignatly
takes Iphatograghatat iteo ksepaviteasmen and HaPhe tyhotdp@Iiphiaed chrfifdred to

processin power it is also possible to align a newy
ﬁndt%%FSpthéf?wF ASRurERFLin the mspBtimsc dnitighy s iek shangg detection
wa i - g, 0 i

R e Ll o L

aliggroentt is. catifedAostt lteegr thim mesenaksd pbevietseithages. oMoadane, avhilst

digital. terrain nodel.  Contour ., informati opn can be .
torey lieRriandh, DRk RETSCF A JBEME & oA ed for reconsttuction of
featiires @@-tHe RPAMACRIGh as |t@}56é§éiﬂ\??buiﬂlﬁgsdﬁrgi {tR! 1ilkeCLhARgl detection

model as such ignores non-ferrain type features such

appegss tonigly emchepively padwo dimienshenal phetograpkhodhh reasensdickath in
[ t.er .on.as desired. .A yse for aerial

the SRARUBRE R Bhoes L oL MBS sl Fpdts, %' B nc

compleitg nifi cangingy outléonikiesnP BN g kRhimgathrdevdimegfiaialldata, in

ti {TES and then the photographs are conpared to )
particular the processing cost involved in carrying out three-dimensional comparisons,

In the following, methods and systems are disclosed that allow for three-
dimensional depth information to be used to detect changes in successive images.

A preferred embodiment of the present invention includes the methods and
algorithms for processing and analysis of digital (or digitized) aerial images. The
presently preferred embodiment enables a series of operations which take the -
stereogram pairs as initial input and produce a candidate list of changed features as
output. An overview of the system is shown in Fig. 2.

Images are preferably obtained from a camera 20, and preferably the camera is

combined with a positioning system such as the global positioning system GPS 22, so
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find changes that have occurred in the nmeantine.
Initially all such change detection was carried out

WaapualB#g6 but | nage processing can be used pr &CEdEZP04/000263

that suitable alignnment is carried out between the
present and previous inages. To date, whilst three
that @l [8BARInCRANhieh RhE 995@@9&%@& aREO N8V al18b10Td @rcersRdiehor of
reconstruction of 20 features on the ground such _as
accurayo dleyptver tiruadcdracy sivaitable he QiS¢ et leastongentiiefas civiban use

. arssto rely.exclusively on two di.nensjonal .
is ol BbE Qi R TR R e o i 4 ARl PR LIivgly
higheXRea| MNcases Ho@?t@ﬁﬂ@ﬁn&@h@ﬁca@kd@nﬁ)l Béahe IbABGEBr cfdbtive
. in the conplexity of carrying out conparisons on the,
alignraenyl Thatgs th sesethdi G shisrrampliag as onhsanyde every|sgpondn avhilst
o]’ [ Qst ..i.nvolv i by C yi ng out
typ1€z111:3§§1%§is ger@f’cl)%%e r}énog?pogf(rjlisls'gobng'?sre 5 In the foll ow ng,
me Th ofder ad dedicsithetocation dinsetme dhathdiecaliteowf therGPS signal
thre@-@ di pensi onal depth_infornmation to be use(g tdo )
providasethe ne¢famed smbpdigeat Bakes ase; ghaigdrual gropndsspepdand location
i PE AR S | sRulhdds Eed to GPS
st B P g D SR Raidhy T B L il 0 G
locatipinbeaburementdj gnd ipreeiiits aenévalupi toadpes Joclitien sprcedkenidsy GPS
%{{eferred enbodi nent _enabl efn a seri eil. f o&gr ations . 1
meagERuRnt JRI0E 1R0WD ROEPaRY Shithraryreenh digHiRaiyfo f figlt virtua
locaBibgl produce a candidate |list of changed features as
out put. An overview of the systemis shown in Fig. 2.
| miigage unporpr-aiiciniisl prasgsang stded 2o mansformeihg input mages as
f C [ 3.1 icne ith a positioni
o8 B0 B0 o ot o P e ey BebSignd o fi0one
verskm MG 26t 08 43 W iR Bland 20 AHe Alda0&rsiohdintInads Pixel reduction
| ocat.i on at which the photograph was taken is
based minimigation.o Whichesreates apeimage dyramik: fir fagh ipppfieiveages Fach
; Gy | ; CLEJ-ent:
imadiC HAREY cQiRs BEn Selincl of rfisa BF e il tijfad ihere coch
imagedodhelseqBencedn a diccioragibb of faweld ofghaprevmusbnacel y  hi gh
speed. this does not .provide engugh acguracy ta, be. the
pad S ToerReR g 28 g giiamRe SRawhich Ty escaped jpoercater
detalBBeldvA l2d SHTBh iRSIVE PHP TRRRIaEore VEIeYeot R ds vkl fottinitial
typical aircraft speed is in the range of 15-50 nisec.
locatign ppggdron everviguclow-rrsolugenmesaio it erdeaitmigprotgithe location
ir[EC, e i e : i des, the . .preferred
daa G HPY Sl DRE RN (7' HUE o B0 B G ¥ ano
flight agiatutlan  si mul ator to augnent the GPS based | ocati on.
The sinmulator is synchronized to GPS 10 | ocation
meds §P-Etsth Bit hrerlionetleetidim inagdupvieh it eorreletion giocess
betwebA G2 rdffient@gko-Rted orthophoto and an input image from the system

sensor. The input to the init location process are the coarse location and alignment

rece

parameters of the current input image (X, y, z, Omega, Phi, Kappa), and the output
comprises more accurate parameters (¥, ¥, z, Kappa). The Omega and Phi parameters
are unchanged, and assumed to be zero, for vertical photographing.

The preferred algorithm work as follows:

The input image is rotated in increments of 10 degrees. At each step the image
is correlated with the reference. The maximum correlation is selected, and then the

altitude is changed in steps of 10m, again to find the maximum correlation. The
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measurenent, using its own information of the current
flight path to a new virtual |ocation. |Inmage inport -
wan04B841361 processi ng stage 26 transforns thePCAL2004/000263
images as received fromthe canera into a form
suitable for the foI | owi ng;rocesses. In one 15
t. i.tec.standar
procgg% gder?fgl}l%%ﬁl inc esS (I'E)ﬁs lxde F‘l Tﬁ ucfixugﬁmbco%-regatlon 1§ selected to be
the aitinideiand tdappa ly\&rat cdssamﬁgttaa @MegdRGEPIYAratEd. The ogtpaidata
mage. Each 1inmage pyram d consists of a .
is Saé’%@tﬂaﬂcg replicas of the original inmage, where each
[ cer
thaepafl %%%S%ﬁ%gﬁ@meﬁﬂnﬁ@g%f%l T3 80 ol 255Gl steee
30 ]aumdnaforclosata:g]eof/\tnmdspomimi@$onnt§)mdthbrm@rlegixﬁg set2 @f images,

bel o and whi.ch i nvol ves 3 D Correl.ator. The
now, Ig?trae‘l il 3 ngmﬁ?g%‘&ar‘;d’fee? ffrgied out Buioras; et Pepisurement
is aOMeRMIRN | R beaR] atil M bfoceds"wRicHfolibRss) Wﬁfcﬁvﬁivoives

the location data of he system The out put of
findingade o p@r@mtteis Oﬁahrepam:r@dacatmn andgorisntgtion, and the spatial

orleﬁtla{l%bﬁ'oragacﬁ]ﬁlgg 6r X g%{glt l?eog%tls %Ft Locg ‘*2@1 g]evévgeﬁltagprgdl drea

of pait esfelitfpegeThe doadtReh of &ﬁwﬂe%cﬂn@rﬁg Bf3ed AUErokdTRERelation
fromthe system _sensor. The |nput to the init

compiaHpp o‘ﬁl"b‘ﬂo“éﬁ%lls impge priBdORraseWilbdat Poriat inlgregtredntail

beloR@l ameters of the current input imge (x, y, z, Omega,
Phi, Kappa), and the output conprises nore accurate
par’l"a{'magu%aﬁor( X solytionz —Kappa:)mgu]hta)rﬁmgmcﬂndst@ei 32 involves

a are nchan and assu e zerq,. for
comPRAPR aF B GTBGR APHIORGS ab oFRE ST BF rl b geses el and
ﬁnai\/\&@ﬁltﬁﬁref(ﬂitélﬁw in Ié]ﬁrét@ Ridbed SRR 1§, frpﬁéﬁv@& Which a stage of
increments of 10 degrees. At each step the image i1s

inseg g engrobipis $6 ishimseredder lorstege htherpaxameiens adrthe baméro rare

ostrRed B S5V Gk 2 40 bokighs Boeal ph e Eleet GHICRPRG! at 1 on.
Th @dﬂﬁoBﬁ&lﬂfsﬂﬁﬂdt%tﬁﬁéﬁﬂl& 20Qdte RO Rpulfadd STGREesic control

continues in increnments of 10 in. The nmaxi rum

poinisas measurespn hegspund: dysat 6f faur copolpaints (aenimym) kafsguired
in odder ﬁﬁéomo;ﬁﬁt? e O &%&d&f@%ﬁt‘]ﬁg ‘%ﬂnﬁ’&‘é qlggzﬁc Zﬂ{ﬁt cong;gf“pomts are

_out put I's saved In
poinfreers e gnamdsfor Whmhahémldm)mea@rexi cxgjth c&@rdlﬂatmmi:ﬂudmg height.

rhe BRREERRB 8Fn Ber BeL BEShGRo ] o o
Then,"J8GEge 38, the location and orientation of the camera for each image is
recomputed based on the control points..

Digital Terrain Model (DTM) - stage 40 involves computation of the DTM
based on the stereoscopic information in the overlapping images. The DTM is
computed based on the stereoscopic information of the overlapped areas of pairs of
images. It is required that there is an overlap between the images of about 60% in
order to obtain the DTM.

Mosaic generation — an orthophoto stage 42 comprises combining the images
into a rectified (Orthophoto) mosaic. Calculation of the orthophoto from the

stereoscopic images requires the camera location and the DTM.
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now that an initial alignment has been carried out.
Automatic tie point neasurenent is a prelimnary part

WO20044841B86i angul ati on process which fol |l ows, WRCTHL2004/000263

involves finding the true paranmeters of the canera

| ocation and orientati on ghd the spatial orientation

fory g o & Bl Wi b0

th?o ver appe@gar%a f)wp?glugfsﬂgo EI%S%A gﬁ%‘e Hibh _m
the Dobd/ss, itlenstekogdamst the qntbnoph@tos agldbﬂﬁmhg)ml ¢magss, to find possible

correl ati on ation within snal
chaniggs hFiweep Beins AN ARG intiegs i sicogstvely f 3P pposibi Shanges
into Erée@BﬂHifﬁBJ FRLANL ChhRs TR ﬁﬁﬁa@@ﬂﬂéhﬁé sfABesSAVMIVE BBth change
stage 3Z i'nvolves cohputation of the camera | ocations
detegiion ovhidntiatthe istecting and mhasmmagefs changes ibatwesn dOrthgphoto

mosyigP 3 el 5 oL RS R Bl SRR P B0, and

charg@PlhsifRatibs whisiehd eldssxﬂyihggbﬁgﬁ SdedibtE cRibiza M8 hRIdhghig to a
the canera are estimted by solving a set of

natugg| $6enegdo BaRBIMee targstdet ect ed tie points. Control
(o] 3
p ’13{5:?«;32312 P%&ocgmién@‘ﬁ‘ﬁal (ﬁla.'n?% ﬁgtg 1%%@@%1%1 gﬂt‘imk{i‘ Eﬁ&n ?flteaaﬂ%ned
photbg@hs ahd ftleerr theoshiangds zﬂelr&hﬁned rasrbeinpg3ighisicare gfl It}te@d;onﬂhte
order to conpute the earth coordinates of the inmage
Wl%cg’éﬁg%s nhtheesntimensigaliprogxeRMY A tha & Vehloe#Rengr ound
f on , h
el HERRraAt Sqfiag Bthe A KAILAPREWAR . systen tha
enaldembiresy planiing.eanddhat\petiypits gaidameetdféine aircrafh ewn‘rhgemmpr 1ate

s P R ST RSB B 8o

plang @it gySlenPpieferably Aoti Vit dlﬂémgt@dalll ithe W@éraﬁl@ﬂ.%tem A agrcal
40 invol ves conputation of the DITM_based on

photogeaply swisisrt fomthis tkand of dctivitnds dvrieallipprseg q’mﬂgfegollowmg

elemddfs: PTM i's  conput ed based on the stereoscopic

I nformati on of the overl apped areas of pairs of
i mayegral Hlectrsoptbeplicareela hat there is an overl ap

between .t h rra s of gbout 60%in order to obtain
g’b&"ﬁﬂi% Mfgg/‘j r&eﬁ’i‘ar ation - an orthophoto stage 42
C O1R61a € Sasadihtl Nop gtohgg th%ﬂﬁée filedtPorR the Birhérh qg%ether with

(Orthophoto) nbsaic | culatTon of the orthopho
posifip datafeom ghedNaggaii Guidannge% Gostrol Slessem he canera

50005 T b SR R T FORH REF
speoifiichliFdekizhed (ebd @Btallédan the Cessna 172 light Airplane

The Prototype system includes a camera 40 which is installed on a manually
stabilized rigid stand 42, A Payload Stabilizer 44 further improves performance.
Other features shown in the block diagram are well known to the skilled person and
are not explicitly explained.

Digital aerial photography according to the present embodiments is based on a
series of software building blocks and complimentary software modules. The sofiware
elements may be adapted and integrated as a system to fulfill the desired operational
functions and tasks. The software may for example run on PC-type computers on
ground and on board. The programs used in the current prototype are written in c++

and visual basic.
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the DITMs, the stereograns, the orthophotos and the

original inmages, to find possible changes between
WwWoapPe84idad after i mages and successively filt @CTIhH04/000263

possi bl e changes into a set of highly probable

changes. The initial filtegrng stages involve both

ChangmentiSRUES 9By Wl ifes nSisdife pARhRE ! Adi0sRAPlanning, may be

measuring of changes between OrPhophoto nosai cs ogf
exeeied byrremappigetprograkednan einbédiment, thd npaatandnarks on a map

i D, o B 0 o0 S FBESL 62 R

" aredd@le ARG iAPul 18 2ol IBHNY hgSGRRA Ompuls desBihotRADPhiS B€4tions

'%pi cal |y, two-dinmensional change data is initially
anddhghii nathy, pyiegraddidona! jigmes parantesh suchgs agrobitiondovaskap etdhdhe
[ s. bei. igni ficant L.f th
oot SATIRT A b Gihalt i E Pl G e luelfbhea by ahe
airbbapoguapivnt.at t he gi ven | ocation. Preferably the
airgraft carrying qut the survey is equipped with a
sysf‘éenwtﬁs& filel i Bregerablyy tpaigd rﬂnénYﬂIH@t,ega‘HU thengroupd roempyter
i SRR mble 13shfblibn e d'h Phiiab & vilh AU
uSlrt%:Jack, and at tﬁe Scricrnl{ll?{elclt1 aﬁei tu g%%/i{ngbl{lg%%gdwgﬁa%mﬁ’
one| goatestonlk thecplenuidnghatogtapkingi lesitioms,18sipmgd any airhmfisymed and
di eg.eferabl y activates automatically the photography
i {)%'i“em A typical photography systemfor this kind of

actFolioting SimtulRicnddrdyvAREeaen,ahe bhiguf Bld MY B changes thereto,
elenments: Digital Electro-optical canera; “Payl oad

are kyagdeq (9 the pirerma missinn compsieo A gerresppading ptogriroon the aircraft

. . Ol ¢ h i th
confiyir, s . LIBAE e 88, ALAT. B ERTRE LB LT e
reqibpesitpaich orfsdpéaat O Yircoystbeand sildshown in bl ock di agram

formin Fig. 3, and iis  specifically designed to be

i ns&éqq thgjaigriatt herapian inelogerto 3 plgmed AholgEaply PPHE, the program

sond EAOVES SRR o\ V88 aBBA Rt BROGRA, The repyling

digiral Peopko &0 stBtedbinl iheenisdidnf contpheer disp cavibme ovifto theamndgation
Q her fea{.ures ahovm in.the bl ock diagramare well

PArgIAEs - PESRR A A elpnAEUUR- and  are not explicitly

eX [dhand ethbollingink Ble ARJEA onRIA, RIEBRRY a3 EARNY POr ERhHRey
present enbodi nents is based on a series of software

misggn | thersgisbprstarably el flemfl paxgationydataf Afler eaelh (ke Picture”

S . ; e adapt.e . L
confRpgEL448 e 302U STRD) BT SRRy e i wive
to tiip Gt Eacinpictuk¢/has 4 ome tanth thaskage fliee sof tware may for

exa(srpl e run on PC-t yé)e conputers on | .

n the ground, image and data files from the mission computer are loaded to
ground station computer database. The navigation data is merged with the image file
to allow post processing of data to be based on time location and flight data of each
image.

The post flight processing of the data follows the procedure outlined in Fig. 2
to stage 42 which provides the orthophoto mosaics, as explained above.

The following stage 44, of Stereo Change Detection is based on the
orthophoto and stereo mosaic data.

In the stereogram itself, which is made of two photographs of the same or at

teast overlapping images which incidentally are taken one after the other, the sterco
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ground and on board. The progranms used in the current
prototype are witten in c++ and visual basic. WO

waQee4/08844.36 PCT/ 1L.2004/ 000263 17 As nenti one®CTAL26064/000263

survey requires mssion planning, and such planning
may be executed by a mappigng program In an

affe HROPHER M wheh NG (9)2&! N Hfissﬂ? éic]‘%ﬁ%@i PR oB)Sdi® Yhidhemove or

t
~ground conputer n area t tographed. The
disapyesad ar the short kernaniceslly r gmtiade t hen input to a

follown ta i ch.. comput best phot.ographi n .
| o4 aee-8esaHBed Pirghi YRRl 605 drieit: PGAIE. Dgarovine

objcP@(@PRingt ThaneddAsctioBAbAL)] A% aldWe 2R BlKe diditguished from
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sl SR TS B AR RO bttt Pl et e G Fafcipanee
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virtual aircraft, 10 one can test_all the_planned
ph&ebgergshisn§oVoBRer dAsFitust nyhishyisar réwahficd losk diggram
- - . o
R 4 BB I Lk 0 YR B iy o
the purposi ofbahange detsstimn Theppaeatus AompriseespBafiems) forogrram a

.. onthe aircraft _conputer reads the qutput file and . |
singffipiags g a{a?fpc*avo I Bt S 1o Pnfasnﬁdwwﬁtwe unyiesd a digitl

terrdilf WbASE BéhPudfos ChEENSS, OfTwioh Q?Qﬁi%ﬂatuﬁfts atyl @t | Otthophoto
Once the aircraft location is close to a pl anned

gengyhitane gva geptipaiumits 60 ier gemogfenations ambis data shdnnalbmaltiplexer 62

- GO i he di.qj t.al, cane .0 take a phot ograph.
Whl‘glnn({g’g?gelgﬁrltqp%&asecﬂfgﬁlgfh?l}ggé%%cbog‘t ored in the nission
cormhd Fa@pardiu% ©f G@g‘(’ﬂl Iﬁﬁfi b&\fixtzéai_ fora ﬁ@iﬁb%ﬁxﬁ@ﬂet&ﬁbﬂﬁ?ﬁﬂfo&vs:
- posjtion and_direction azinmuth. 20 In one enbodi nent

A cument fxme ds rensivest 3nd 5 processad dogether gvithtke preyiousfgame in
ey LSS ] r f :

58I OIS oS BTBLTRIENE ol 2,1

triangulatientblédkn®4. ofin mdanpgghtivo blatkt 34, (daneed loaatiors pagphtations are

direction,, ti i S itten to this file. Each
pertifoied o6 3R oL Tht s inE R Rebip o 1) oriEn and (0.0.6)
angle$. Ol the éaﬁﬁgﬁn@n@oﬂﬁﬁt@tif)ﬁé 82 fhh@Md Beefhine | Blor@RERY (o the

are | oaded to _?5 ground station conputer database.
centqrhef ¢ashinketd. disiamthe lpw pass didigr M2 tpmior e a¢nied dearigulasiont s, as

o b R TRARRLERE AR, BL by Do Pesed on T

Subsequently, the triangulation parameters are transferred to DTM generator
56 which calculates surface heights using Z matrix computation for 10-20 points at
each direction within the overlap area of the two photos. As a result a DTM is
constructed.

Based on the DTM and camera location data, Orthophotos may then be
created for each of the frames. Preferably, the height points used in the previous
calculation are at low density, so that constructing the Orthophoto requires making
corrections only for wide areas. At the same time, on smaller areas and on the objects
subject to the changes being looked for, the correction made to the wide areas applies

automatically, so the stereo effect is not disturbed.
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i mage. The post flight processing of the data follows
the procedure outlined in Fig. 2 to stage 42 which
wWOnRowEes6t he ort hophot o nosai cs, as expl ai ned PEFIL2004/000263
30 The follow ng stage 44, of Stereo Change Detection
I's based on the orthophotg and stereo nosaic data. In

th tsel ' d
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exarhpiegmschahgfﬁ Wwill be iddentedlohya kitiertradde orowbichmbeahret-fdémensional
h ot her stereo WO 2004/ 084136 P L‘PE@OOM 00263 18
changerisclo g‘a’ﬁ'ﬁea WiKEn 240288 dbA 1A fhgpcgras a person, a
vehi@wmusggllga@@%% ich nmove or disappear in the

short termcan €asily be spotted. The above-descri bed

caﬁablnd ¢(tn§caileeatum1exﬁlut 60 the tdet ferndsone added todhe existmg wbsaics,

change det ection node), and
Oneé‘f%ﬁg\X&hf ?tf’él% ui shed 'from 5 changes that
occsuaudiuéﬂeagoﬂ fa,eeﬁersl mdu{aee&aeﬁ@nvdms tRaRRot g@{)m{th one
sessions, which still appear as three di nensiona

excepbioact Slgtie Hletdchan.y prierato theedata rragrssipgs preVipUs ad gesent

fra.n%%it @1%{ :sgé}e n&geg e{?ﬁl’?y (w Ca?iﬁh 2dart]§) ‘%ﬁ%%ﬁfe%eﬁ #: Dgfa Channel

S|n‘p e Iagram rating

Mulapzmemm $n hepedifiooriesicach avenl Iﬂﬁﬂeccﬁbwﬁrmdhé p.emn@eaac}abdd
t% t ogr aphy, for ﬁéo t he purpose of chanﬂe detecti on.
pho TeYiqRs £5ihe Peescoimermarisap af gill de kplated in greater

detafll tﬂz%@ h57e Efrd?fl 18 Rxer! éf@g‘lj‘oﬁi‘o@%§§s ftﬁ% [ SaPt th@rDynamlc

aerial triangulatioh unit tal  terral
chanpedidtestion mperdeaddsomnbadnatiovb 6Thel wiatic denetm«napraamstxs eSﬂaﬂ‘ned in

generation, two identical units 60 for
grea&ﬁ%%?‘%‘?i?l on, and a data channel multiplexer 62
WhiRferoR@r RBLRSY imhde 8 16ass, Rhichlidtl Gniph&ed %w%%rﬁ GRaseting
15 The apparatus of Fig. 4 may be used for nam c

changgaAglectian appiieisaforf detbaion: of Achangese hf:t\wqea rst sand  second

ster 0% fﬁi‘(\! ?IglaE% g?lkss Ogtrggl%s .Pg %?tiférg Elmg SW3$ Sglb%tggtéazfé i]ﬁlclglu g]ﬁw

accdnﬂlﬁg ltow ma“s&eﬁ iehibedneén? of dleagﬁ"et.ealh inviehtiem gk 3hown ibFRCHS, a
In t gg‘:aé]atlon bl ock 54, canera | ocation

twog b‘ﬁﬁftﬁ%m Bh Deis PerAeRd fos pompating thetfiat anghsesondimage
pairé %l BB#alO ahX inikal Fisd ﬁogTdéHﬁﬁ @Scaﬂﬁgia{e‘ﬁ’ 6B m<- t%{ -?deensmnal

angl es. At the sane utations are na
inforfeatwmim thec omaged paisg. esIn oafddtthm acﬁme@dxmﬁnsmaelhumgat Blter 76
com{)?rleg%&)fﬂn ?rinbaﬁlog Lpsfstgg Ifl rgtearnd Sec nci glraagteopa?l%rat ?;Jhe locations of the
change candidates. The 3D filter uses the available three-dimensional image
information in the image pairs to identify those of the 2D change candidates that are
accompanied by a volumetric change. Thus a change identified in the 2D information
may simply be shadow changes due to the photo being taken at a different time of the
day. However such shadow changes are not accompanied by any volumetric changes
and thus the 3D filter allows such a change candidate to be eliminated. The result is
the retention of change candidates which do correlate with three-dimensional image
change and the rejection of those change candidates which do not correlate with three-
dimensional image change. The retained change candidates thus constitute a refined
list of change candidates which is of manageable proportions and which can

confidently be passed on to a human analyst for final judgement.
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shown herein, inproves the stability of the results.
Subsequently, the triangul ation paraneters are
wonranRgBerssed t o DIM generator 56 whi ch cal cul 2C#41L.2004/000263
surface heights using Z matri x conputation for 10-20
points at 25 each directign within the overlap area

1 Qnatruct ed
e T e S S
beforaynd higer imagesc rﬁ&hﬁ)@ha]llgror afieihatiVely Rendy @Rexture 1nf0rmat10n.

Preferably, the height points used in the previous
caltuiggyssid ahoue in conngeuen withystaticand ynamsisimpdess ehange due
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0 R Rl Sl R Ter B M6k QuE SR E i AOE ) K in
the sdeae.o b @otnsfilteyingj does nbbmtddethrdeahgmﬂs:bml gfotroarkead Rather the
¢ é{;e corr ction(gtaglg theW| e areas applies
wogiEislprl dmpges chite lto b gt Gorapairb et any
objedPaP A4 AR dRRaPETthd %&99 ?;699&2 ﬁ?’botﬁ %aﬁk‘péﬁﬂx\é SBhe YRBe0Rfam
the data,al l'ows changes be readily apparent. For
is agspamg lebnmovingagd emlmat@bfrdmtéepmﬂldme Hsthil| or road,

oAt Baeha: & (TECEPRR, gy KNG fen e St

al1gﬂtneme.h11t3$(}3wﬁfch£prd$1ﬁdé66fot &llg@ﬂeﬂlﬂ of tAP RBERB o affow Tﬁltel‘lﬁ%] The
concatepation unit 60 the two frames are added to the

comparisqnsthathe Jiliess cargy, é’uf ety ren effepitve alignmeat susumand ghree

dlmgtlfg‘?orlsef\’phl sPingt Q?g:}l’ﬁgérx]lqu gQ&%lgt fhe dllgnﬁgxstaﬁli‘?\g%miﬁgwﬁés a

dynam c c ange, Xce
reliabde wayiod ra,utcmatmralignntehebabadaamt}moéemﬁ@guom petie postgnbat is
hat share t GPS | oca

iderBiFGRE e g oulss: i ERAIAGE 0 Wi CPBRG L g it

eactRohBe CAfjréblemdeith atﬁ%ﬁh@ YRBLBRA M SHAERArek ri@fﬁa{ H@arby but not
present, each odd photo fromthe previous

actuglly s%@asp@ﬂdlag mrﬁsmy b&sacwdbntame idgnpfied. nhdondnr tgraeatdesruch
an e?%]étﬁélgt bﬁl %Wgnlé?%tdu nazrimn tfgeu poté exoergg?qéléet 158?{&{}?632 1aenti%1€s

a ﬁ:deamg‘doﬂumbouemeﬂfahshﬁﬂage‘s. dﬁt &i6d HimenploRsIe&dsd Sorrelator 34
l.ained in_ greater detail below 15 Reference is

then SAFiRm QHL PR gimensignal grogtreeselatian i fipd ithel carragpoading image
] U1 g o iyt ek o, SIS [ ol
crossmgelamlﬂﬂscamtsaomed resersti dfeediannsivhalesrosfcarelation from the
corres%%%giﬁlgtllm%gla yfezic'ture 4 o find' tﬁe first image feature. The idea is that if a
neighboring similar feature has been erroneously chosen the reverse cross-correlation
will not work.

In the above, alignment is made on the basis of a two-dimensional map,
however, in order for successful identification of change in the volume information it
is necessary to consider alignment on the basis of the volume information, at least
around the change candidates themselves. Two preferred embodiments are disclosed
herein, one, involving averaging, is described in relation to Fig. 7 and the other,
illustrated in Fig. 8, works on the principle of forcing and uses tie points.

In Fig. 7, the digital terrain models are used as starting points. Often the

height information contains DC bias and other errors. In Fig. 6 an averaging

arrangement involving two low pass filters 90, two preliminary summation units 92
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according to a preferred enbodi nent of the present
i nvention. As shown in Fig. 5 a two-dinensiona
WOzag@s4i3bter 70 i s provided for conparing the PCIABR004/000263
and second image 20 pairs to obtain an initial list 72
of change candi dates fron1§mo-dinensional infornation
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candi dates. The 3D filter uses the avail abhle
betwspehsiglitirang igbyral Paingre meaniaiwetinesnall hiasthes ibrery éhmmated-
TheR{me fr@or‘g% 88k ahy tﬁé“&n%gg%fthér% SGPANGE ; ﬂ)‘i’xﬂhﬁ’
that are acconmpani e a volunmetric c ange. hus a
c hdbferenaeistndw m‘hdlertotﬂig ?2531111&11‘ dhgwiteonan alreynasvapieyholdefor
shadqw, chapges due to the hotob taken at a i
PYO\S‘E’F’S éﬁi‘l‘ []g‘i’l‘ﬁc@f e &a%/ Wé\}‘ger““ 1GehV% %&%ﬁf’”espondmg
b \ I §haC
poift ARARE B¢ Rl P SRR, X AT PHERRL R REAZES e
heights #refae ks m)ssdtledli thehige peistd to besthetshme rfet énttwonDﬁMs so that
nd| dat h da correl
any RO AR Sin MR BOnERhr Sl Rutbhlotec oo ppnctgne
betwdtndRe GRIMGIT thapilitd@hpss. Whi ch do not correl ate with
three- di mensional 1nmage change, The retai ned change
carftiferanees is mow @wmdet fot e & whifchnisda simhﬁ@d lxlmkng@gram
. t h iLONS
iR OB e el P50 S PSR R e

orthbphiotbi Thé aﬂrﬂ@@&(@ﬂbom)ﬁﬂeﬁ&&é@@@ﬂi@@m}/ﬂ bﬁ’@@ér‘c@@-@&@aator
20..The two-di mensiopal filter ¥use col or
112; s Frggstighion it akesniym imidgregistratien afiempt betygen #iq agrial
S I I
phol RS or B PRy el S RIOE L U ok bertY i e reforence
OﬂIMthtOShaaftd@laﬁdstcﬂlmmmtc nodes, change due to m)t i on of

is pre f abl | tered out, e.it
i s éﬁ‘&?ﬁ%‘gm 05 Srss Spfela Flamadebemes e gioro PG st
corrdgRadéRk nm@eetet hr ee- di mensi onal i nformation. Rather
the _two-dinensional imges of the before and after

st SYBEGNaMY aregisHisar ragamaeiar srghangas, say thehatglfdg*éshment
or tl?eolptﬁ t, }eE‘uﬁ:Hg i Qrﬂ%wpi%gfs{rhtﬂg'l étﬂi:np qt I:l’hcﬁ | i ht%'fcr 1%oielion
S assune 0 be d e ed

st ergogram ng an I'm na
attelhpbmmahie leslivel wed furihies ton@ﬁﬁﬁeﬁﬁ@ﬁleaﬁlrﬂowrhﬂpdﬁeisds Elpgated
WhICh saS| evéiﬂjeed dlaramlllustratln

Sev%ﬁﬂ tﬂﬂ??em YA ¢* B Wnb%wa@gs ForbeHSPd e ﬁf’gléfa“‘il h@lght
The'ft%gf%arh@ceﬁl daBVie Attdr&S bWitinat, p: rl B0 Vthel I?)I?tm %H\/\g other

|ters carry out rely on e ctlve al'i ghment
waya rdnally; the alighmenisgiving thehighedt comelation &l sebutednt i s

po%ﬁh%h&‘er thr%m%ter% rlEEencf canrbet ch%.ggg({ sotglla\ggg q"hus if the parameter

is angle then the angle can be changed say in one degree steps over a total range of ten

degrees to find the best correlation. If the parameter is height then the height can be

altered in say one meter steps over a range of a hundred meters until the best
correlation is found. For improved accuracy the entire process can be repeated for a
second, third and even a fourth tie point. |

For even greater accuracy it is possible to follow contours along the diagonals
between the four tie points. If the contours match between the two DTMs, then this is

an indication that the alignment is of high quality.
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reliable way of automatic alignnent based on the

identification of tie points, that is identifying
WO3IHOsHIEMdI ng features in the before and aft ePCTARZNO$000263

for aligning with 15 each other. A problemwth

automatic identification of; features is that nearby

DUt 0 iPknor i LB, GPLAGRRROH At R LUEES 1Y, Whercgs, buman

useﬁvcaﬂtraédgniz}e, uriskd ] fdaginereat natrbeingBuiablel R)r et Ei txH rbointgrsay
feature identifier 82 identifies  a first inmm
plagtagnaterial op A vehigleo FOmpUErSiEGeNerallygHY a8 |}‘#§W§P &hawsedmé@%le as
I car [ I
st HERAEL Oor e (e e Qi M TEAS (BC 2dd o franre
classdiat to ¢he Oa ppiddenificafior. hRelf&TﬂgESns rovc exatlhao Fig. 10 which

corr opdi f I the . cross-caosrrel at
shogs . SRRTBE Dok SHrSier a4 oAk yasrSs b i ot Trarm o i€ point
ide/RifR$ 916 Ahd @ltahpRNo llRAR em HonySSRPR Qhﬁ‘g(jlﬁgigi%atlon may be

feature to find the first image feature. The idea is
on thidwsisfofdmage r@obmﬁuon,gthgs mh 1harfe¢tem llarrecqgaszedeaera vehlcle 1t is

SIS BRER B AR AR 0 LR e

Colbahifsrn@tion rhayObel uggiD e padeneBPmay fb@\k\zﬂéﬁfed laf nastalge »\f}ﬁfeas
successful identification of change in the vol ume

grey,nigiGEng oivcks, of Jrowse dadispyng sahbniayebe lasgiindnes sinble.
s@dﬁ %ﬁ%ﬁggﬂ{i:%ﬁn gﬁaa@e ggﬁffhwé oﬁfoﬂﬁhh%g it %aly | GARbaE O thus

vVes
ratherriztbah meintgs aasmglﬂ sabgsiedn heteidn,a Oiilfnber migy} Wen@sed, each

conﬁ\iﬁxréi?lgi n%’OstplplpEys fq%rg{( 23&, P pqu Slot%g og\rﬂkﬁ. &@E{S ?{nqyg gleg CLet Es%d to
cla&@ffj’ e 6t @b bERE GBS zﬁﬂfjthh‘r%ﬁﬁ‘e %hi@ab@@h@é fle gb{ﬁlt,ﬁié'gms@ble and

the digital terrain nodels are used as st
thupenisnitableOf ten the hei ght i nformati on contains DC bi as

T
andSigentiin 89a wfeleficdbt \WRI 20 %1&&4113 BeWphot =i 080RE 31d ones

21 and_a final summation unit, sets the averages over

beatipg p@ins} thabiag ngwiRhotasmahs teavt iave beemtakem figm a dierent angle
or ol Gfteht z'ilﬁuﬁeQ)?'uﬁdé}fdlnﬁl‘egbl?lﬁlﬁ{ng%ﬁgltlgﬂ\/gtc' pl"h@"?l'e%hotographs

conpari sons between I'ven poi nt
are typémally gredessidric it ahto dm}mphdstas; derbed fedm mhar;&iwdahotoﬁ@ﬁ

voI ms | nforoati and t he.changes therein ppear as
R, */shaBER (EREUSR 3 o feealuehanges Peiwegn parrs of
ima @fhthb |shine ttil@&te%k%ﬁ afinff’érrélﬁttinY% L T (ljle d%fe@f@dcghﬁlgges

i ght al i gnment . Fig. 8, a tie point entifler
to Pm@lcﬁ Rl sek ¢fe§1@0gﬁ$|th@; mq;ioden;tzél dlaugesobftsfrgnﬁeamde dud es little

as p%'sjsg‘gl%%f F?1(1:)5:1 1ﬁcam cﬁ The a)igorgdu%nlls tthu%oddésfglﬂg(P toslegngretc gnges

- due to illumination variations and differences in shadows. The input to the change

detection operation includes an orthophoto of the initial period and images of the
second period, preferably registered over the orthophoto. For registration, the
combined data is analyzed using the tie-points of the initial period as control points
for the second period. Out of the combined data two mosaics with height data are
derived; for the initial period and the second period respectively. A flow chart for the
change detection process is shown in Fig. 11, which begins with a process of color

normalization. Color normalization is discussed. algebraically below but involves
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hei ghts as far as possible at the tie points to be the
sane for the two DIMs, so that any height difference
WQi2P4/0¥4138e tie points is solely attributabl e PETAER094P00263
change 10 between the taking of the photographs.
Reference is now nmade to Fpg. 9, which is a sinplified
coneRSatingi f8ObARRmeds! M1 gl ﬂeﬁﬂaoﬁzﬂ eﬁeh? BRAL cABF ﬁpﬁﬁpﬁﬂ{)rs can
for ali"gni ng photographs wth a reference orthophoto.
be qepaged afglonmoermalization se®llawed diyspyramidogene rition,140memtivshed
crgass-correlator 112 The regi strati on unit, makes
abofle,” MiTeH f o BTV REAO vt Ui e uReH@Pagipe dhe gurent
imapBos PGl aperenet ofR6Fhotoslendhaled Forh %ﬁ%@ﬁoﬁ?frﬁdg@ﬁ of the
phot ograph and the reference orthophoto, based on a
fi risallopyiag poramid gusméignethery inaffeatyte extosson stage in which

' [ b h I. fi
oGS EE SEAIEE BB Ryt B! il o

- lowpgesafitessd arsl £ difftgette ifAYe iNthedNPnHudld Bdsb@BHBM texfite and

or. the heigjg{J1é résulting in.a newregistration o
cologiipiapptionrh kbe diffegrnereare clasgiSied ypinglogher emailable isfmatien, in
parfi@fif ih&RAGNEGJiend i;gHﬁMi%. 0115}5{11%5 ﬁ%”&%ﬂg& TE UM Sa1ih08d o
~ process is repeated several tites, and two or nore
invalidafedrag ibeingasi gmiB¢ant shanges.be used, say angl e and

hei . The t .paraneters c be altered_alternatel
or BHenrs BahErEPLERTCE T Bhy~aichis s SRphck blogk Kiagtam
illuil*hﬁngl'dngiﬁﬁfﬂtusgfdﬂ Qs yiioltl @hfdtic _“cﬁﬁrﬂgggigtsfétgfﬁhaggn, that is for

sel ected. 25 Wi chevér "pararieter is
exchidigadvise afpctefromhthe compatieonp dharfuer is discuaseg| a thik gwoint

. .changed say.in one degre te over .
bCC%ng? 6@.2%%L ?\gﬁg{e}n%fmc%né mg%rggx?lgéén E}S Cf)linﬁal‘l quzég qa, a panrwise
image toapaiodn 20 ifrsthnBaRBéiéMididate BRingBd frb&Re b¥Bre and after

hei ght can be altered in say one neter steps over a

images, (khegrorihopheigs efbath therbeforaand aftheintmgss aredwiffersdan ifiost and
' Far:..i ysBr - CY- . ent i rocess

secdr®t Srftiiflorcl s PR IO Mt Mo B B BRFEH i Four

of th¢ ewpdimensidhal ireages agr eatlestedar bs@apatisoh unit 1965 STHEnE bidck

. foll ow.contours al ong . the diagonals between, the four
m‘“ﬂ“émp%ﬁ"h% ﬁ‘i“FS ‘f’ﬁsﬁ) eg HFong%,C PEFOBR LSS A iRy Low pass

-~ filtePT88 thdth@Badshto ShieSholddt 1320WERhIQR] uﬁ@%e&éﬁ%g%éﬁfgggggéimum

is of high quality. WO 2004/084136 P
compariggiels oalornthadhiesteodd.  Thisandioates & mcaiingyohjen rathgrsthems static

i 0L R GER, DT, 55 PR AREORRLRS, BBRLH G v
explaiged below.

In the following, filtering according to texture, as used in a preferred
embodiment of the present invention is discussed.

The textural features used here were proposed by Law and are defined as
follows:

Consider the following 3 vectors:

L3=(1,2,1)  Averaging
E3=(-1,0,1) Edges
S3=(-1,2,-1) Spots
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plant material or a vehicle, conmputers are generally
“%;mt as likely to choose unstable as stable features

FPOYWB6pur pose. The preferred enbodi ments t RESIRW4400263

feature 5 classifier to the tie point identification.

Ref erence is now nmade to F4g. 10 which shows a

Cl %R dult& prbdffots F Pas bf Mesd Mclork Ry 10688 18 Jolth ® masks.

points froma tie point identifier { 16 and attenpts
Denpting thegsaskg byhem i n any way it can. Cassification may

be %n.gﬁi basjs of image recognition, thus if the

J% b d >recdogni zed as a vehicle it is classified

as unstable, but if it is recognized as a buil ding

then it is classified as stable. 10 Col or information

may be used, 2thus greeneryl fay be cl assilfiZed as

UnglyahliG, hreas s eerlngi 031 | Ngrbogles. ar_pbr own

i ndicating earth, ‘nay be c assi fi ed“ad stable.

Soneti nes terdgnition may-1beé definitive] -gonetines it

may he tentative, and thus rather than using a single

re@8§8P Plon met hod, a nunmber may be used, each

C Oyl [ oy i,pdex. The final total of

¢ Pl %fsﬁ'ﬁg%&gg’%g%%t"gﬁls classify the object

as being stable and therefore suitable as a tie point,

t abl d. t . j.table. Ge [ly the id
of HRE88 Epf D eindMiegimel PiOpfoa iatithe prior. o
Phaleo Gheg hnd GG, @ 1L heNB &3 1Re E&{\%[lﬁ%%dﬁﬁé resp@Yivk Ymage

regi ster the new photographs over the old ones
and Hegespegtivqymaskad t hat t he new phot ographs may have been

ta fr ' r . le 20 or a different

al Iti %? is eﬁg?@lu%p %8 ?’# Igfﬂgr%ts SR G ER YT ns et c.
Theveaavwplethe g iclphg change ingRde@lr the BSIRSARS Afdnh&: f i t
onto orthophotos derived fromthe prior photographs.

The overall aim of change detection is to detect
changes sbet ween pairs of si mages of the sane target,
taken a} @FM.er&ilr, tiBRS>aNEM 0|+ pEime* Bije det ect ed
chagngess/=1to produce a fypral set of changes that

includes all changes of significance and as little 25
as Ny spaideripg qolasi ffaringe anthecskaliesbpersorhwilhbg emiate wplos is

: ' : ' n 0l lum nation
typi A et ] R ot P AR gl et of e B bive
(R, 6h8)ohhrge A gatmeter dor defating h@vlomRhtisiTsatare @R tHORNAUDed
£ of theAJﬂtiéé EfriOd and i mages, of the second

Or ¢RIFSSBOnding ppxsIs i (hebedore andeatten mmagen acenrding pa it Hrmdy as
folldwggi stration, the conbined data is analyzed using the
tie-points of the initial period as control points 30
for t cond. 1yod. 0 2 ednd two
mgéiihngng’t/%Qhejggﬁt) daC’?gf ebggﬁu \%ggb } ‘?”orB‘t/%té injtial
period and the second period respectively. A flow
chart for the change detection process is shown in

Fi gvheiel K wWoile BodfBigiensfonicbmpatifiliBCRAR XturGPleltures;

r

Rr,Gr,B -values of primary colors for the reference or prior image;

{ !
Rr, G ,B -values of primary colors for the test or after image;

Sr= \/er -I-C;r2 +Br2 .

gi= VRI+GI+BT
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normal i zati on. Col or normalization is discussed

al gebraically bel ow but involves WO 2004/ 084136
Weea940B41304/ 000263 23 conpensating for bri ght RETAL2AE000263

i ke tenporal effects on the color so that colors can

be conpared. Color normalizmation is foll owed by

pyram d generation, as nentioned above, which is an

operation carried out on the result of superinposing

t héFeatre Selectiomyrgahe drfetehee thet artexioml dedtiveph giresent, may be

enerated fromthe previous | mages. .5 Foll ow ng. :

perfiipel for GUng RIFSlofRcOring 40 12 hAMPEStieily emgspTenghigh the pixel
viciﬁﬁﬁ%elh@m@gw&?ty 1&sBfe RMcAQNLHY & forbesmation is

extracted fromthe before and after images. These are

| ow pass filtered and a difference inmage is then

conput ed based on the texture and color infornmation.

TheH=ihé ¢FenggSver €BCl. 4BM * | [@@MustBly ot her avail abl e

information, in particular including volune

information. Finally the changes are either validated

Or whdle hiMUR!Jafhlksase ReidGedhBeVf | cant changes.

Ref erence is now briefly made to Fig. 12, which is a

si rfpihef vadet of Hcfor dicagursant pidel istwat thay aasspecifipditiatsiold, the

| f i t i identificatipn, that .
el Rt g st g o i CHS s UiaRahs vl sl raco
featllR€ afel 1@bd Bhsteaddi scussed at this point because it uses

two-di mensional information in its conparison. In Fig.
12 Cadeyhationgfdbe fgtyramigaecionped an die arizind inegd, pndnan spdisas

. [ -fro bef.or.e d..af t.er
of iR BISHERIA 15 ARARRIC QT FREord BF Piscanfidt TG lures porgputed
for thotiges raaslatibnd 4re r&pettively intdrpslactd, siriGavged.t hophot o
unitsaﬁiﬁgggd 124 apd twg-di nensi onal, changes bet ween

al ILocgluVieitt TerzaipodeinéRd Monspmpialens arrerioved doe gach
chaﬁééd%’%ﬁi% Hé'f%tﬁ %2@1. volifR Brdpulitins Ad bS ey Md baaSror

f1nds which of the four conparisons gives a m ninum
usingdwightisnd Agudielinformaim aseevalidesn $ort detdchadahhogeder 132

whi¢h l.ud th h if th I, [
s T8 GRYIRRTO, gl Uherpfegench nf Shpnse 13 IREPTREH BB fekavs:
An inpialgfotnhet featusd Mbirb is @RIoBHHed Wingh BARsigh ﬁﬂglel‘i’av_in% a cti)eefaull

. Finally a norphology filter renoves noise, as wl
sigmayleg ak 0 pdiedilteredhimage is dimegwildng, and p redaxatipnarewse rafges

the %h ces}lglm  §he ?echuHsb?qmls %r(?ceg{ Sfae[{iﬁa% im%geé%\{ eg')d{hrgq'g}ueolf in the

resent 1 nvention'is I SCUsSSsed. Xt ur al
image dtdivates the etedentecofvarchapgeobeiseen he inrwea sl ted Corresponding

pixe(fi,eafmc{1 %ge eglue f00|ir|1d?c\:/\zltstés that there is no change. After that, morphology
operations are carried out on the binary image. The aim of these operations is to
reduce noise. Noise may for example be in the form of small separated objects or
small holes in the larger objects.

A man-made object filter can be used to detect man-made objects within the
regions that have previously been classified as changes. It may be assumed that man-
made objects have straight-line boundaries and that, within a relatively small
neighborhood, the boundary lines are perpendicular. Using the above assumptions,
man-made object detection may be performed as follows:

-Find the dominant edge direction,
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Consi der the following 3 vectors: 30 L3=(1,2,1)
Averaging E3=(-1,0,1) Edges S3=(-1,2,-1) Spots WO
Woou/Bge36 PCT/ |1 L2004/ 000263 24 The outer prREHUE.MH4/000263
of pairs of these vectors nmay be used to form9 nasks.
Denoti ng the masks by M3j, 54 =0, , 8 51211

1, ...
0-1 zLtd = 2 4 = 0.0 =St.S=: :
a1 gy GG peRchor Bk oty e vaorgondine
perpselibuladinectioral | zati on. 10 Let F and G be a pair of
regi slsered Qr%hgphoto i mges. Let FMBj and GWBj, j=0,
1, . Reted spRIshhUNGEBMENE® i on of the respective inage

and LMRsdiHSAECHide’ SodiBsls ai‘%‘:#oﬁﬁinﬁl\ﬁoﬁot%gn@ﬁg% man made

bri ghtness normal i zation coefircient. 15 W now defi ne
objects.el ati ve change neasure in the follow ng manner: 8

8 MB1l- GVB] *Bl ) Z(LFEM3 | ], , *BD ¢..=.1. /1 Now. .
corkTGETER 5 TebY Bl i Pl gt 1y ame e Sgpdpausuating

an &hbddiRentFahEabsRlREcrRd Prydiss ah I fitstheddd firddls SRCHoRInkA edge
of a digital inmage a triplet, typically of red, green

dirqﬁgrla.b! e cﬁxipc@igp 1&;,ca1!3§edvq,ltu§§p_g a\Cryan}aﬁdngetegior. Infformation
aboggzlfréutﬂg OSF%%J)'%?§§?@“|%HF ﬁ'ﬁélulgﬂ% d%%@to? % 12 fagére??]ﬁ%gt:ezgﬁon for

rrespon efore and a
conaagiapdi ndirectiom Histopraha ofisthe f @lge@wWafieCdowKpass filtering of the

. (R/S, . -R1S)2+(G/S,.-G/S,)2+(Br/Sr-B,/S,)2. 25
hmt\%@f‘b.ihekgﬁé’&‘% dhatgorerrandntto iy histpsan imptipgn hpqomes clear
and! ¥ bes& astRA4h RSNt edge direction.

From the direction histogram, the perpendicular edge direction may also be
defined as the local maximum of the histogram in the region, shifted with regard to
the dominant edge direcﬁon by 90 degrees.

For edge detection in required directions the Canny edge detector is now used
in a following stage to suppress every edge direction except the required ones. As a
result two binary images are obtained. These are one image where edges are mainly in
the dominant direction, and a second image where edges are mainly in the
perpendicular direction.

For detection of straight-line segments we use the Hough Transform, which is
applied to images with edges of dominant and perpendicular directions separately. We
regard every edge pixel as belonging to straight line segments if the distance between
a line after Hough Transform and the current pixel is less then 1 pixel. As a resuit of
the Hough transform operation we obtain two binary images- respectively containing
straight line segments in the mainly dominant and the corresponding perpendicular
directions.

' Reference is now made to Fig. 14, which is a simplified diagram illustrating
the overall process according to a preferred embodiment of the present invention. In
Fig. 14, two stereo images are input. A triangulation unit 140 carries out triangulation
to determine height information. A sparse DTM unit 142 builds DTMs based on the

reduced versions of the images. Before and after mosaics are then constructed in

~ stage 144 and in stage 146 the two dimensional information is used to provide a
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r Rr, U, B -values of primary colors for the

reference or prior image; R, G, B -values of
WE2P#8Y1360l ors for the test or after inmage; SPCEIRMD4/000263

+G2 +B,2 S,= VR 2 +G 2 +B,2 WO 2004/ 084136

PCT/ 1 L2004/ 000263 25 Featuwje Sel ection, or the
prehll;]m}a%f Qﬁag]g%: I'hs e‘?léc% gl)é 6%@2{1‘3{ glgt?%, ;ﬁgﬁcél%{ E{' Irx]ce tu%%m%gsmnai

inforBRALUA Einclllutﬁdsl thabpe Piexel shadbos mnﬁythe'lm@ h@l@gl&iﬂ@bi }zire then
nmeasure H is cal cul atgg as follows: 5 H=max (I FM 3'

paspeq thyqugh asgries of filtars, 143, 1S0and3ld2s pps wmgregnmlqtestqﬁ@nges duc
r re b t

o BB Ao SARUAOHE Ol il (9 o

mididentifizftidresf coatspbadihg rcéngsecasr endsthd. fidl dnlaewmah uxsesothel-how

ess han the thresh the olors r eatu
feﬁa?%h FhSEEE 9 GompF wﬁm IgAe e {SpRR¢Re ﬁmfg@ 5'§t of chainges
is raaﬁ&ea BB chifeelth#liBRksdoRBEE chamthsan tﬁee%mﬁ@%nfo%auon
the i mage obtai ned by decimation wth factors of 1.
Theaheigh. orTrdume dasedefeiteringrnuefernbly ichudee onbio€the two methods for
onsyaLe. T spectively interpol ated, and
a3 dls SRR BEGPORT ol L & Terratn Wodel (DT

conput at ReRrdnge 1€ mbor Made t®Figarh whidAR0L dindplBRedUSdwW Ghart
the height Z or volume conputations and provides the

illupizating therepipplarnrgchiicagion RIpeEssollonkigi AP oy peir jobfeatures on the
befd! dng%{ﬂ%? %1 esdf g&E&gd C?‘BQ %"3& of@f?tmcel ?? ﬁ‘hﬂélfé'a gx%gared and
regar presence o e1ls orne

thefi aldnewhmens%dmal m'dsls abirgtafion n?aﬂinfle;ﬁbtﬂtr &orﬁainéi%atuﬁ: to the other.
snoot hed usicgg a Gausaﬁn filter having a default 20

After areaend prerdimeppigngl; qressicorrelangyds Famies oaswdhe epposite
dird¥86n 8 Ony ?Piﬁé i‘é%@rs@rc%@%%rr%ﬁf] ﬁ‘?t?cctag&? it fd%ﬁ ésqh@ @ﬁst F08ure

result of th process is a |nar
andpasses alprﬁdctttrhnned theeghold naie thet e ibhtsrqsmscmmbaswbrmspondmg

and The EITED 1 b RATBE (R Her Ve D issgh, fose of

. apphititiinstfbathe presdb dhv8dion.OREHAL beRPpRER A @@ p%&:monsl of

the binary image. The aimof these operations is to
appligglipns ‘-ﬁBY 8@ magps ehapgtiverand thatdhpeaciags hereinean be mnp.ifed to

anySERlUmsARB AR R RNE S Bfee dimensional information can be used in
complementary fashion to enhance change detection.
Currently contemplated applications come in three categories, a

military reconnaissance category, a civic enforcement category and a operational

control category. Starting with the military reconnaissance category and the use of

three-dimensional change to reduce the suspected changes can save the resources of
intelligence analysts, allowing greater areas to be surveyed. A specific application is
improvised explosive device (1ED) detection. IEDs such as roadside bombs can cause
a large amount of damage to passing patrols, The present embodiments allow a road
to be surveyed regularly and for suspicious items of the right size to be automatically
detected.

In the IED Detection application, a survey is made of the roads that the patrols
may be using. It is preferred to break the road into sectors of fixed length in order to

enable parallel processing of each sector using a different processor and thus to allow
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small holes in the |arger objects. A man-nade object
filter can be used to detect nman-nmade objects wthin
WO Re4/BEGhons t hat have previously been cl assi PCEAL2E4/000263
changes. It may be assuned that man- made objects have
strai ght-line boundari es that, within a relatively

smal | nei ghbor hood, the lines. are
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made 5 objects. Reference is now nade to Fi

indigated hyicelog changssi Foe gxdampleyUehapnlichtion earny latimﬁ@ thatrs field has
beelg {:ngagn% ?Fnﬁés Offahéat}g,o&nq atc%?tgﬁlr allrgg gf l%n? ‘l:seﬁc’oslog%er l:)lelrnsgtlmgated

di'rec

ThedepipiicaticancanSals@ prodack finidigsl pdard ﬁa;nﬁtyngeﬂ*@qateﬁtcﬁﬁhgﬁs The
Informati on about direction of every edge el enent

Photaggaph (;pR bg apedciogponitor chanees i ndgisg Yot haphipgse f corpeting
‘anmgéi&{'?fl{#g{d?%mﬁn@ Ig&t&ﬁﬁ@g@ of the edges. After

[ ow p togramthe di rection
t hdh tﬂ:ermsammnalscdrmrdl lretelgost agganzatiors mhsd @ciividss have an
can be set as the .dom ngnt edge direction.

effel] Ghs, A5 e TG 8 BEOTE LS GA A BER PO, S e the

appHEARAS LOMOARY: AUILBNRS thedeblvieliiggict.he | ocal maxi mum of
the histogramin the region, shifted with regard to

15 1t ecxporieh that dedegthilie of ‘thm Pbtynigoantegrﬂmst infagingediydces

e JSHEEH 0 L RS 5 S SPGB SHREI SHPGppot

terngy €eymeReatt rechgiap eeeapt, iNanksdid @dindRES . alfSswkh new
result twp pbinary inmages are obtained. These are one
tech“ﬁ%’@éfs\mgf%‘ edges are mainly in the domi nant

RO i RO TOSINCTE A el enion
WIIISbecamghapnarame ts @gmﬂmamy sigHed le thdo s hupbn aaxafrimation of the
follc\mmghexamples which are not intended to be limiting. Additionally, each of the
various embodiments and aspects of the present invention as delineated hereinabove
and as claimed in the claims section below finds experimental support in the
following examples.

It 1s appreciated that certain features of the invention, which are, for clarity,
described in the context of separate embodiments, may also be provided in
combination in a single embodiment. Conversely, various features of the invention,
which are, for brevity, described in the context of a single embodiment, may also be
provided separately or in any suitable subcombination.

Although the invention has been described in conjunction with specific
embodiments thereof, it is evident that many alternatives, modifications and variations
will be apparent to those skilled in the art. Accordingly, it is intended to embrace all

such alternatives, modifications and variations that fall within the spirit and broad

scope of the appended claims. All publications, patents and patent applications



applied to images with edges of dom nant and
per pendi cul ar directions separately. W regard every
weauw/0s#del as bel onging to straight |ine segmPOTALL004/000263
t he di stance between a |ine after Hough Transform and
the current pixel is less fhen | pixel. As a result of
- r
menfidnelfh AT B B NAAR B0 18 e Pl ) Pbbnee
intoithe kpeifiatiohytodbeismaaex@ntad ifecach nmcﬁsﬂuﬂc&nub@catlon patent or

per pendi cular dir i ons. . Reference j s now nmad
pateﬂ @ppHeatiopwas, SP%CIngaL‘V g inddyidppllyy indigated L%theatnm@oraied
0 a f
herc By HERATIC PEORER I SARA0H 00 IRIACRI 6 4 peterence,in whis
applicatiostshalbpot kagmstragdeas apadmission thasgel sdferenceuiniavailable as
arries out triangulation to determ ne hei ght

p"°fﬂ?3?ﬁ§ﬂ¥€ﬁ9tﬁwgﬁgpse DIM unit 142 builds DTMs based
on the reduced versions of the inmages. Before and
after nosaics are then constructed in stage 144 and
in stage 146 the two di nensional information is used
to provide a WO 20041084136 PCT/|1L2004/ 000263 27
prelimnary change list. The prelimnary list is
typically large since two-dinensional information
i ncl udes changes due to shadows and the |ike. The
changes are then passed through a series of filters,
148, 150 and 152, one which elim nates changes due to
novenment, such as novi ng vehicles, one which
el i m nates changes due to 5 m sidentification of
correspondi ng objects, and the final one which uses
the now refined |ist of changes to conpare with
volume information. The final l[ist of changes is
restricted to those changes that correspond to changes
in the volune information. The height or volunme based
filtering preferably includes one of the two nethods
for- equalizing discussed herei nabove. 10 Reference is
now made to Fig. 15 which is a sinplified flow chart
illustrating the epipolar rectification process. In
Fig. 15 a pair of features on the before and after
i mages are selected. The pair of features is initially
conpared and then a one dinensional cross correlation
is carried out fromone feature to the other.
Afterwards a second one-di nensional cross correlation
is carried out in the opposite 15 direction. Only if
the reverse cross-correlation successfully identifies
the first feature and passes a predeterm ned
threshold, are the two features accepted as
correspondlng



Ref erence is now nade to Fig. 16, which illustrates a
range of applications for the present invention. It
wi |l be appreciated that the3fresent |ist of
applications is by no nmeans exhaustive and that the
teachi ngs herein can be applied to 20 any
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has been changed into a car park, or that a certain
ar8a of Change Heteptonl apgpeatubedcegrdingr tgalaizal. 1, Wigein said two
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Icating t anges The phot ographs can be
used to nonitor changes in land use for the purpose of
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5. Change detection apparatus according to claim 1, further comprising a
movement elimination filter connected prior to said three-dimensional image filter, said
movement filter comprising a two-dimensional comparator for comparing change
candidates between images of said image pairs to eliminate changes occurring within an
image pair as movement.



effect on the | andscape, such as opencast mners and
guarry operators, can use the applications to nonitor
and control their own activities. It is expected that
during the life of this patent many rel evant inmaging

devices 15 and systens w Il be devel oped and the
scope of the terns herein, particularly of the terns
"“canera" and "imagi ng systeni, is intended to include

all such new technol ogies a pmi ori. Additional

ohj ect vaht and novel features. of t resent
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|Pvent \A{} are, for brevity, described in the
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t.he inventi
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entirety by reference into the specification, to the
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changes.

9. A~ method . according to claim 7, further comprising:



30 WHAT IS CLAIMED IS 1. Change detection apparatus

for detection of changes between first and second
stereoscopi c inmage pairs obtained at different tines

of a substantially simlar view, the apparatus
conprising: a two-dinmensional image filter for

conparing said first and second inmage pairs to obtain
an initial list of change candi dates from

t wo- di mensi onal information i3 said image pairs, and
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n8. tes. 2. Apparatus according to claim1l, wherein
sald three-di nensional image filter is configured to

' in,b id . .
comgars . g B ) BSB E hrr
epipolar aaliditore frg i \aidétiopheinfgetures oratahietd omstweerc kaiti st snd decond
steré@stc@ble'irﬂ?%éaﬁﬁrs Q’eﬁn%b@qélﬂ é%gaé:vﬁhéﬁ?o té&ﬁ'\pﬁé‘% s of a

correl at mensi ona hange

i nﬁo’FWﬂ%feaB"e oratagier weatingtsaishfeaiyainseigdirst doagalpaiy

to aQin%'dﬁém&%%r%k@co%%\éi’ortprcar@ir@%u?b%ﬂ@ldln’]éﬁs%glage'a% to

i s col information. 4. Change detection apparatus
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|rmges of said |rmge pairs to elimnate changes
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validation fmrvalidntipn |oSfetangmmatched between said first and second stereoscopic

list of oijfe

image pairs, said performing comprising the steps of:

locating a feature in said first image pair,

carrying out a one-dimensional search to find said feature in said second image
pair,

using said feature in said second image as a starting point and carrying out a
one-dimensional search for said feature in said first image pair, and

accepting said validation only if said feature in said second image leads to said

feature in said first image pair.

12. The method of claim 11, wherein said one-dimensional searches

comprise cross-correlating.



alignment unit for aligning respective ones of said

images to allow filtering, said alignnent unit

conprising a tie point unit for identifying a first

i mage feature on one of said inmages, carrying out

one-di nensi onal cross-correlation to find a

correspondi ng i mage feature on a second of said

i mages and then doing a reverse one-di nensi ona

cross-correl ation fronlsaid ¢rrespondi ng i mage .
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10. Change detection apparatus according to claim1,

further conprising an epipolar -validator for

val idation of features matched between said first and

second stereoscopic inmage pairs, wherein said

epi pol ar validator conprises: a first inmage feature

| ocater for locating said feature in said first inmge

pair, a one dinensional cross correlator for carrying

out a one dinensional search 8¢ find said feature in
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18. - Change detection apparatus according to claim 2, further comprising:



atieunit for finding corresponding points about said
positions and for tying said points at the sane
heights in said first and second digital terrain
nodel s, and a triangulator for triangulating wthin
said tie points to elimnate changes that do not show
up as height differences between said first and said
second digital terrain nodels. 14. A nmethod accordi ng
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conprising a | ow pass filter connected bet ween sald
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eI|n1nat|on of | ow frequency Ferences between said
aerial phqtegrephar edusedargar thereaft al ter rain models. 17. A

met hod according to claim7, further

conpri Si creating, fromeach of said stereoscopic

?3mg é\qﬂarag'és aggordingste claifn 23, wharein$aigh Rpremeter isinitigliy an angle
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24.  Apparatus according to claim 22, operable to carry out stepwise changing of said

angle within a range and to make a registration attempt at each step.



each stereoscopic pair, equalizing average hei ght

| evel s between said first and second digital terrain

nodel s, detecting high frequency differences between

said first and second digital terrain nodels to

affirm changes in said candidate |ist having high

frequency conponents, and elimnating changes not

havi ng hi gh frequency conponents. 18. Change detection

apparatus according to claim3g further conprising: 35

egistration unit, configured for.registration.qf an

Zzegr'i a|’§p;5’ﬁ‘gt‘%sg?°a°8#"1ﬁi ‘f’r?%é{“ r'zgf ‘gﬁ%rﬁﬁ’esa'c[ﬂagﬂ% Ehsé%t?"‘éaq'y ten degrees
and said step icaubsahtdligoné degrag. naki ng an initial registration

attenpt between the aerial photograph or a reduced

version thereof and the reference orthophoto, based on

a24.i r shppafatuspedontdindoto dainy 18, wheoeit saidf iegistrationcattempts are carried
o o Do P el o) EHEB0 e SPpl ol RBR REon ur
.mcme¢PF@ﬁ°§@gﬂé§ﬁ6ﬁ§®H@é measure, and c) at |east once

changi ng a paraneter, naking a new registration

attenpt between the aerial photograph or a reduced ]

VEr si GYPPRIREISe BECORHRN tiaeclaimy ABpMBEISIN A Fegiskraliony unigypaid cross
correlatorf gfid REH €d16sr SR ESfighie@Ntol RopRBE 8hiB iAitBIUARN@E least one further

. .correspondence neasure, and a selector for selecting

reg'Str%\t?"fEteE\Ef 08 SeFROd el ati on attenpt vyiel ding the

hi ghest correspondence neasure. 19. Apparatus

cordin oclaimil ereipn said paranmeter is a .
i gh%ng'}ag{vl%?gqorcg?ﬁg §§£¥\%magjf'i &’F‘e'iﬁ’ﬁbtsﬁ'ar %?Sﬁ?fﬂ‘i“’rh unit, said cross
correlat@daret daidesedector fleecatifuredOio Aypear ahidsinilisiC andliandedsd one further
[ epw se changi ng of

.. ¢l 19. . conf.igured to.carry out.s
reg'Strétg%aan“]ﬁré‘l%ﬁf?t i ga"fiioqf&ktée ROMESTREEIEY on att enpt at
each step. 21. Apparatus according to claim 20,
erei ' J u agLi al one neter., 22
Ao APeEALE SLERIS (535N Bb. Binkr SPERLE 4 coftBur folower for
followingh eentedre @ldng diagoanlg| ketwderssdid foundiei miintp ko tetgmaips acquadity of said

outputp{g@faﬁ%ver sion thereof. 23. Apparatus according to
clTaim 22, wherein said paraneter is initially an angle

paranmeter, and wherein said registration unit and said

B0OSS AC A tARbordinG TP HIdiY e KfiRer’ ?&ﬁgﬁs&nftr@@%]eﬁhg an aerial
wherei n said paranetfer is a height of said aerta
photograpgitrasferernce orihpphaiatsgll registaria semersing e steps of:
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. Wthin a range and to nmake a registration attenpt a
versiordhengokandthe gerepee onfiaphpte: basedngr irptdis Rantcl ai m 24,

Bher ecitngiy duf D& bross WBFS1AMIH Bhiwteh QRe GRALICHStograph and said
reference orthophoto according to said registration attempt to obtain a first correspondence
measure,

c) at least once changing a parameter, making a new registration attempt between
the aerial photograph or a reduced version thereof and the orthophoto, and carrying out a
further cross correlation to obtain a further correspondence measure, and

d) selecting as an output the registration attempt vyielding the highest
correspondence measure,

and wherein said retaining and said eliminating is on the basis of said

correspondence measure.



and said step is substantially one degree. 26.

Appar atus according to claim 18, wherein said

registration attenpts are carried out on said reduced

versi on and said reduced version is obtained froma

pi xel reduction unit |ocated prior to said

registration unit. 27. Apparatus according to claim

18, wherein said registration unit, said cross

correlator and said selector a@ve configured to repeat

S@‘I d i f}ll ! }n%{hoggng charl] 3?)?12%6'%%2?& %tgpa%%'a:F% ﬁéélﬁtpa?gmeter of said
aerfalab@tog@phgramobbed vargign thelneafei n said registration unit,

said cross correlator and said selector are

configured to repeat said initial and at |east one

f 8¢t hefhe meliodtaf ddimn3fatfudhmytcofrprisiag tchiryidg @otl sfepwisechanging of
said hbloft, B PlakhG SREGLIABhueRD: aviBBRLAbUS according 1o

cllaim 2 tarther conprisling a contour follower for

foll owi ng contours al ong di agonal s between said four

t83%8 POTHY Reth&d §RABMMNRharefHHid stép Rfsubéthfkialg %Q Weter.

regi stration. 30. A nethod according to claim 7

further conprising reglsterlng an aeri al photograph

VB4.h arHeeinsthed & cRirh fB@PWPabféln 8l barfEtSt BrdM8ngle of registration of
king an initial

| the ste
said a?’éag%?tP%r? ﬂr%\fe(dé Veﬁ%‘? m?’ne aeri al photograph or

a reduced version thereof and the reference

hophot S irst tie point arr
ot o B Gein g SEbBGY, whaeit s, GrBels ia/atabargnouthr parameter,
and wbhptmgaidmhetbntdfm&ed compift ﬁseep&gmgtdww?)t Whé@eRosdid pardnieter is a
, A riemt to obtain a first
reglstrgt@drnﬂweelgfgﬂ d§é ogéeen%il t(l)ﬁrggh

‘c) at | east once changing a
par aneter, making a new registration attenpt between

agf relnl ced ver sion. t her eo
e o?ftr ﬁo p"ﬁ&?% aﬁ@%@a?‘%m@ﬁ g chr i Yad quupt[eﬁ\glrse Eglg%ng gp said angle
within @ﬁngélaawwmkingca '@D{Sttﬂhroraattemnt aeq,aommpespondence

nmeasure, and d) selecting as an output the

éﬂgl stration attenpt yielding the highest
F r edye meRisof pkaig BBewhensth seitbrapge isssubdtantillyiten degreerdand said

step isSBbstalalfbRalddige | S On the basis of said
correspondence nmeasure. 37 31. The method of claim

30, wherein said paraneter is a height paranmeter of
B8l d - TA8Trhéthod BOEIRRK 3BhwREreh 44 YEGsratith Sitefhpld8eCrried out on

said reduced version and said reduced version is obtained by a pixel reduction process.

39.  The method of claim 30, further comprising repeating said initial and at least one

- further registration attempt for a second tie point.

40.  The method of claim 39, further comprising repeating said initial and at least one
further registration attempt for a third and fourth tie point respectively.



32. The nethod of claim31, further conprising
carrying out stepw se changing of said height, and
making a registration attenpt at each step. 33. The
met hod of claim 32, wherein said step is substantially
one neter. 34. The nethod of claim 30, wherein said
paraneter is an angle of registration of said aerial
phot ograph or a reduced version thereof. 35. The

met hod of claim34, wherein $8id paraneter is

i nigqi al e AHEHRIADLE cBEm ﬁ@,rfﬁﬁﬁér%ﬁmpriéﬁgit*o‘gﬁgiﬁgi)cgr\'x:ﬁ@rjs%ong

. method further conprises repeating s i erein
diagonplg bgiyfesmspishfoyrdiepointe i datermineshaurlifyitsaigioulmut epaistration.
aerial photograph. . 36. The nethod of claim 34,
conpri si rﬂg car rzi_nﬂ out stepw se changing of said
and¥e RIsHIeiCtion GRParAls AeRarAige Je flal G iwhereip said alignment
unitafuttegromptis@ach step. 37. The method of cl aim 36,
wher ei n..saj d range i bst anti al | en degrees and
Sarsaas or se8igte iRl U S s Hiebl orspSeRh e Rt
thereby ol dimmaB®unsiditde e poialiatd bage Rigisrbiiomofalotresiindingliages
ons(fgdié{iee Lyt on sai d reduced version and said reduced
version IS obtained by a pixel reduction process. 39.
The met hod of claim 30, further conprising repeating
saiyd i n : .0 I registr .
S Wb Bl SRR wrbllil 5 oS el 4 Sy
index|ta Flasstiy saiddietAsénts.conpri si ng repeating said initial
and at |least one further registration attenpt for a
third and fourth tie point respectively. 38 41. The
nmetthod OPPIRlERCEUding ta ¢ipiay 4% wihpreinssaid stabilitydvdexgncludes
colof 894 @iablitydh@B&todi agonal s between said four tie points
to determne a quality of said output registration.
42. Change detection apparatus according to claim®6,

whasei NABgdrgtuglabeitamgto clbif 44, WhbldiPSaid OEBLifiet BScohfigured to
ifier f%{l classifying identified tie points as

| c*ass
clasgy HPen 3t UiiR%bl e tie points, thereby to elininate
unstable tie points and base regi stration of

cor,espondi ng images . on staple tie points, 43. .
Sodlr o AER s AR Ae 1 Hri £ wbereieiar Reiar i configured t

claseifyeest $edst ene ofdeswmarsd giey bs ttablel ndex to classify said
tie points. 44. Apparatus according to claim42,

wherein said stability index includes color as a
st 4Bi | i Apparatliscarconding to claim 43, wherein said stability index is usable

with automatic object recognition to recognize predetermined objects as being stable or
unstable.

48. Apparatus according to claim 47, wherein said classifier comprises a
feature recognizer for recognizing any of bare earth, buildings, rocks and stones as
being stable. '



45. Apparatus according to claimd44, wherein said
classifier is configured to classify green as
unstabl e. 46. Apparatus according to claim44, wherein
said classifier is configured to classify at |east
one of brown and grey as stable. 47. Apparatus
according to claim43, wherein said stability index is
usable wth automatic object recognition to recognize
predeternined objects as beinggstable or unstable.
Ap ar t s ac . cl.aim47, wherein said
assi 6ﬁf?r§Q OEQ"WZJWG?%'WEWHGszer f or

identlfyleg; pglntszm ngrr@}b}bndxﬁg badgesaastive dodielpdintg Said deiﬁﬁjlr@mﬂ)m pnsing the

steps %“ Oﬂgﬁuﬁﬁ?ur { ggmgxé%g?aqgreﬁgn odh%eﬂft/_\ |S$§t tﬁ'%%g%?%r? %{ap ng out one-
dlmen@lgmaﬂ egrpemctinetptiondgefindt o seresporating ireageofaatise @aidsecond of said
lmage% d@éﬂ)}lrfg\r/mbnlg B]E:I%a S%:&%ﬁd:%gﬁsm%ﬁ ecggs&oéorrdaqgrmﬂlow 's2f gorrespondmg
image deatrrg 9 nduﬁawbﬁrét imgigadastiuen shiddirsigmage rfmtlxratand reaicocorresponding
lmageffbﬁqreab&ﬁé ra%%@ﬁ@@'a@.ga IEBGnt ﬁi?‘taﬂéﬁn% %r‘rg iP %Qﬂnﬂ'spfma%%' fature is

I mages, carrying out a reverse o
SUCCG%?M&stefeﬁ ¥ Said csﬁverf%ﬁngﬁfmpr@mnﬁbgmﬁ@plﬁ@ahqnm@é classifying said

identifi é@ ﬂé lﬂ)bﬁt‘ltst & $thPE of Ahstablb tid tpoiri@ Aferb BT Wifhina@ LifksthibiE Sk points and
ure and sai d correspondin I mage feature

base ak{ggl t@atge gﬁillggoﬁgspgn?'rl% inrgesonsstlals peitteg only i f

said first inmage feature is successfully found by
sai d reverse one-di nensional cross-correlation, and
classifying said identified tie points as stable or
unstable tie points, thereby to elimnate unstable tie
poi nts and base a registration of said correspondi ng
I mages on stable tie points.



