20

25

30

WO 2004/ 084136 PCT/1L2004/ 000263 Automatic Processing

of Aerial |Images FI ELD AND BACKGROUND OF THE | NVENTI ON
wdbm4psasent invention relates to a met hod andpPCT/IL2004/000263

apparatus for processing of 5 automatic inages and,

nore particularly, but not; exclusively to a nethod and

apg\&§&gslgg sanB?ﬂ@n@ a%ggonatlc detecti on of

anges ges the same place at
dlfferent tlnes In the early days of aeria

pakHgeldIATWG B/ RN foF NTHOWr mat i on,

es ' &l % e Qﬁl@d%ﬁ 4t sdBhb of
chgﬁg sse¥%§p H?%Q t%gf % been nad e35%5§9§h0(%§ E °

automatic Ginaged atm,t noore rrage:wknm ylmtsncttee*nhmsqwﬁﬁ tboa fmcttiod and
candldatgPdlfferences ﬁfﬁhen ?resented to a

appagaiis thag, @Hpws theawematie ; ﬁlgFtl(PxH Sk £P#8es d50hp, Images taken- of the
samd u&S Sihetresst ddi&. sheer volume of  phot ographi ¢ i mages
at can be available in a high precision survey neans
thht thw eparly sdmyls  netehods phelagraphy.hirgegeaniadhtio dfe wored over

painyyio@ait P, 20 E5ptie HTp RN G R oY bt e By P wes

to spol 8maR Gh@ipebr qréu@/ fhRi thikyhas! eeh ahddetdasier v ke @ Aliutdntafic
to resolve objects of the ten-centineter order of

lmagffaagmylswd@chlws itg figd Kenidate defeyences adughoare dhegi presented to a

hum?% ‘%ISX rg Chﬁ&lgfd iﬁﬂﬁ{:atfotﬂe ﬁ&JEHHﬂS& WRCH&LS JGHe of
frectiveness o e process is highly

photpgx@blne ibies. thé dau rHera@mlétSes irea higght pra¢isibheu@ey inglans that even
raph Iﬁ t aken fr§n1a certﬁln position 20 and a

suchGarhd et Puge FREMYPAOTSK forh higgan analitide Sgrealgreamy out
A hiBR9H&idich B&vEP BY@GE?Qn InyOin MEEShdtSerkRPIMe Iégloﬁrfrom a fairly

orthophoto before i can’be treated as a
low afémudt wphcytnogibd}@h tandesaweopbjhcﬁphgf ¢ho rtemeetimiaterg erdenyof
re severa

maghRite. Ao & it B ahu s 6 gk £ B shepae pat the

compP@pr lofateOMYE e éfﬂ:@hved%@sf 586 brotessie highlly plaeleagitiaph
contains imge distortions caused béﬁshe tilting of

t hé bsthenpsvqisaat theraesiphphetpgigph (s @rf%w)certpm RRSEtion
and g%ngﬁv&gﬂlay @hcflﬂl[am)n?‘c%lne er\éﬁngf) &l%%}h ndlBE¥HHE converted into

i stance§ on an aeri al ke you can on
whatmigp kndleaitasi s tosthsphygto abeforaeut icah lpmdxteangd aphaimam _otAIa aerial

map. Th ef f of t|| and reli conventi onal |
photBRRh d80 FoIRGoRept EheIFES GhapIpoby ken it arig: E dFveral
imp A€ BFfer&rkd Bfdt KBSV lahice@bpiRSlo to BB %séfde% 4 hf3@. A conventional
ort hophoto is a uniformscale inmage. Since an

perspaotifio phmld)hnagr%phuwmfgnmrmtges@aﬂoetmmtcau@ddus&ebileng of the

camgg%%o rt%rraﬁnrr etf (%ggigragfl\gsjltu Q%:gglét Wave a ultn%or\r/\lﬁ sccaﬁ‘n (}{cwe%annot

measiRP dls[lafn@és"faﬁ 1) @eﬂ'ﬁi)phb&)g@a/pﬁhr liled gou &1&1 on atohdp. Thasisaoahy, an
scale is dealt with, it is difficult to begin the

aeriah pfogagsands iy g@,tkpn@a@ -of b fshfkgfasof 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 is 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
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WO 2004/ 084136 PCT/1L2004/ 000263 2 since two inmages
taken fromeven slightly differing positions sinply do
wmoedo4eass t he same thing. However, even aft erpcEal200ug00263
with the issue of scale, current automatic inage
processing systems have difficulty in ruling out

. irrelevant differences. bet n. 5 photographs such as
sincg, (SIS LGP (et PYA S0V TH G 9 RS FHBDLdRTE g the
samd thefit i ng changes between the tines the photographs

wer e taken, those due to failure to carry out .
actiomgve, metrchitarglebbngwath thiéssse of esadt, watrgntt ait@natic image

__phot ogr aphs ,and t. i ke. One net hod, of t.chin
prociise S FBE AE SR nf W Ee HBIEREn oR T EARTe i etween
photb%ﬁ’_ﬁﬁl@éi s@dhdadl 8HoRg dubab msurdlly ShEViRE ©8;jdcRC Mdse Hue HOVEMRIng

this does not always work 10 since simlar points
changps betwaemr theotimeg theathologranhs seare takgn, dosodevtesfajlutseto carry

ixnd L alp, i i ch repeating

out 03 ot S LB e PR Bk ot P R K

Si Oink aiethed ghiarchingThapes ¢dnjirives fiadingdrd yaniepsignoy 8@ two
. heed for, tgnd it uld be highl advant ageous to
images\pad ugingy ?‘ofﬁsa_% ir_ e?eéféﬁ atiprht “f?de%%% AoRSa Gy work
sincd B&iBPRYSits Which afl 1 ALEQAR th%%im%@s{n%oxﬂﬁlslyl DENBSEN Thus

According to one aspect of the present 1 nvention there
any ksdpfouraed shabgepeatiop dettien appparsaliale foerraepecmawhing

¢ .of. changl?s between first and second stereoscopic 20
of siplappeig 'YS obtained at different tinmes of a o

sulpat@ntd ahbsy asivididlar re\éb@%ed hee@pfAr ahdisit GO0 bei Mighly
a two-di mensional image filter for conparing the first
advagtageaisc bnbavemageaysenatee feagire pnarmngasypigy fleyoid jofthepbove
Hmi%ﬂg&ge candi dates from two-di mensi onal information in
e ‘image pairs, and 25 a three-dinensional inmge
filter for conparing at |east one of the first and
second i mage pairs at the change candi dates using
tthMM%%QFSFHE mﬁ%\éﬂm\ﬁf ormation in the imge
PaiASoldthd & Bhd aGRRNGE 1SABASAAL BRI Bl {sNBroMdell change
three- dinmensional image infornmation and to reject
detectivan gpacaind fatadatectiootof cddangd sabdtwgemifirdt and second stereoscopic

. three-g)irrenio? i e informtion, t.hereby t
image B4R | T Dines! enyhaantally aRT edhe apparas
compristhgr ably, the three-dimensional image filter is
configured to conpare three ) ) )
a two-dimensional image filter for comparing the first and second image pairs
to obtain an initial list of change candidates from two-dimensional information in the
image pairs, and
a three-dimensional image filter for comparing at least one of the first and
second image pairs at the change candidates using three-dimensional image
information in the image pairs to retain change candidates correlating with three-
dimensional image information and to reject change candidates not correlating with
three-dimensional image information, thereby to produce a refined list of change
candidates.

Preferably, the three-dimensional image filter is configured to compare three

dimensional information in both the first and second image pairs, thereby to obtain
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di mensi onal information in both the first and second
i mge pairs, thereby to obtain WO 2004/ 084136
wEFebsha804/ 000263 3 t hree-di nensi onal changePCT/IL2004/000263
i nformati on, such that the retaining and the rejecting
is on the basis of a corrglation with the three
thregd{rrr%]q%lo% <]:ha,(r:12?a 2 arma Eﬂlfo%r gt?cth t?)flt thEr a%%fr%zmﬁ the I?%e&ﬂ‘% 1S on

the Hé@@ldflaQBﬁJelaMoﬁJ Kvitl theﬂiﬂ@d dhm%hMonzﬂ hhaxtgﬁnnmmmm onal
information is texture 5 informatiaqn. The apparatus

may feiab e thegpmptimeasionafifermaionds FHPAGTBIRUPT- t er
]E’io Q@?t o%gh%péﬂ %fteﬁthn?J‘fl Y 865 ‘airﬁéﬂﬁingf‘%fo'rﬂ?t% is texture

novenent ter conprising a two-
infodharmsi onal conparator for conparing change candi dates
bet ween i nages o he image pairs to .el.im
chgﬁgégp%fe% myn@ E FATRPTAY 4 MAYE HY; g ommegsd

pno;F e t}?eoﬁﬁéél‘&ﬁ%n%}{alf iAo S ites OHRY & Gerféht &l1ied Qﬁﬁﬁhshh Izt two-

for aligning respective ones of the inmages to al
dlménsictna} |cng1panatm far i gmpering whange omplidagisnbetaveen empgﬁSnof the
aflrs %ﬁfeature on,_one of

tif
‘ma%et@"isr‘r‘éﬁlég‘ma %?Wé??g&ﬁwl%n"é hip ARGy &5 mOVenien

CI O$8 -apPhrafk dhdyoftrther Edrighisd mOdligBmRANGHiNBrialiREiRg respective
feature on a second of the inmages and then doing a

oney @l\the gpagssdo alilors hidieong|the alignenend ppié FamMPB$ing g Gis\PoHY unit for

L L S S D E S R

crosma:gelaﬁ@atwﬁxed beomgpandiegimagd eatuad d)rgm chtg)nd 1olf vhel lfnatgbaeand

rst imge feature. is,  successfull nd by
thenr@é% 3EVGHE-UPIREN IR CrBETE Rl raﬂ f COIA%%PBWSP% gmage

featdr@ 18 fﬁﬁct‘ﬂ@ Fir&Sineet ftulehhelfiRF BRAgd ﬁXt%PLI h QD tHeN&rRshShding

provided a nmethod of automatic c ange det ecti on
imagretfomere damgi ecceated Ifart ehgmlngg@s;lyoff thes dste iImag feature is

wher.ei n two- msn5| onal .,and t ional data is
succh ST, B By OB S BR-BRsloth o ST AR an

| NiAdcalding & aodece@ndigéat of ehapessent! in0eAtidnethere is provided a

t wo- di mensi onal data, and elimnating fromthe

methaq of attompte chingsedeieetian dstwecaneaRi sandhiten 1aagesoe a seene,
whepe% H%D&%nglgn&l %ﬁ& AR AR F NANYES a\/*ﬁz%ié d'tﬂég nhfhod

third aspect he present 1 nvention there
cmnpnmngded change detection apparatus for detectlon of

chaB%e%ngmglglgg[llst&? a?'@l se %nd S ergle scog isma%;data,
pai® 19a8fAtE thapess tspmdhe hyewdimensin
andSimlar view, the apparatus conprising:

eliminating from the initial list those candidate changes which do not
correspond to three-dimensional changes.

According to a third aspect of the present invention there is provided change
detection apparatus for detection of changes between first and second stereoscopic
image pairs obtained at different times of a substantially similar view, the apparatus
comprising:

a comparator for comparing at least candidate portions of each one of the first
stereoscopic image pair at least with corresponding candidate portions of each one of

the second stereoscopic image pair to obtain four measures of change thereat,
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30 a conparator for conparing at |east candidate
portions of each one of the first stereoscopic inmge
WE2a004/08413¢ east with correspondi ng candi dat e porP¢T/II2e040000263
each one of the second stereoscopic inmage pair to
obtai n four neasures of change thereat, WO 2004/ 084136
PCT/ | L2004/ 000263 . 4. e der r Jami I
ondehEFhe” 1 iiogik, AsGE B 1nd o B of he
imadd 88maa listsdf Bhnghdagaisobasedesdnna of dwelir araswés, tileeby to
our neasures, thereby to refine the candidate |i st
refingfthe prpslidade linot ehaligay to a fourth aspect of the
pres 0 nhyent i t ' r QVi . 2 :
et Sp i (E RSP GRBYE, ACIHRCREA® dpensn ARG provided 2
charfger deteatith spehodl fost édtenmaopt cclianpge bpaiaes Gt aimk dseednd
different tinmes of a su antially simlar vjew, .the
SterqRSEQRAG IIBRFFRIPAIE PRj2ingd ﬁbg&f%ﬂaﬁ Aimesealct Substtally Stmilar View,
therﬂ%Bh@GﬁlpﬂgingzaCh one of the first stereoscopic image
pair at [east with correspondi ng candi date portions of
eachmpaenght {dast seclidute pddioss exf easle ope wfi thadestpstercosaypic
.___obtain four asures af cha t her eat ,. and
imag P Aol h e PO fiae SPas PORIRaSAE" oS of Birsiecnd
sterdd3€o i€ BER el Patt b BblaiSfoup easiheN@RpaRasBeret ad | Onest
one of the four nmeasures, thereby to refine the _
castimieating dnes pf 8fe & Heasyeandidage perdiong of heanfage fim a list of
of Nk ' ' i, thed .
cha 28 BitedSin 3 PP §3F P e bR beRlob e e RPN, RRE e Mlidme
list $fshbbigeds nmat ched between first and second
stereoscopi c inage pairs, the i mage pairs being )
obtMICABING 1O i ﬁﬁgr@ﬁ?ﬂt ofnthe piesent 1aygdioanthesg jsyprovided an
epip?rlﬂ]\laﬁﬂat‘(dne\é\%patreﬁ s FRPMIRIHSN RMRELRS WatcRed bEleeh THECand
eature locater tor locating the feature In the first
secondwtpegosaomn enaieEns] baahagy pas wory dltaned atfbiffercar imenef a

ne- di mensj onal §earch .20 to find the feature

t.
SUbﬁ?‘?%t‘taﬂﬁgg]él&% NF Y RGP YSSPEIREE M r r el at or for usi ng

t he ffeeiiniae fdafurt Ntafe 61 18cdtiagRe RBtuRe B @E Firdi9mALd, Nt
and searching for the feature in the first imge, and

a vwadiedlmsnsipey caesesprelagpriihe carayins oghp wnefdimersional search
[t j;age |leads to the feature in
o AR e R5E

I mage. ording to a sixth aspect of the
pr esendrsd ¢orehitooior tifieg eéhel fsatpreomitheskcand iregiepolaastarting point
r .validation of features matched

and %%ltré@géllﬁgi%gggho‘gi“ftgégbsﬁém%%eera@%scopi c i mage pairs,
the (dIRER A8t E&eﬁﬁﬁg‘%éﬁh%n@rﬂy af 1l fehRreM tid SRIn®fimage
leads to the feature in the first image.

According to a sixth aspect of the present invention there is provided an
epipolar validation method for validation of features matched between first and
second stereoscopic image pairs, the image pairs being obtained at different times of a
substantially similar view, the method comprising:

locating a feature in the first image,

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

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, and
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substantially simlar view, the nethod conprising:
| ocating a feature in the first inmage, 30 carrying out
w@2maesgdserensi onal search to find the feature PaT/I2004/000263
second image, using the feature in the second image
as a starting point and cagryi ng out a '
one-di nensi onal , sear. E]ffor the feature in the first
i mageePuas fhevpnish arlygs e datprenn thotrsandimeaeg deads to the feature
in tRTR§NkIPY the match only if the feature in the second
image leads to the feature in the first inmage.
Pr &refermblyy thetdme-domendome ssirdrealcomedsciress-corguatinge
cross-correlating.., Accordi to a seventh aspect of
CheSEPEBILD Frsviilch ARl abF ol gt e R profided
threé-QirB@rsHindE thh ARAl detld @R 9 Bnid i@ CHAECtHY chiYes dSLRELH NO first
changes between a first stereoscopic inmage pair and a
sterepseqinel 151ag8e epdit oPidc i pergad psipteosconis appge araus the apparatus
Com%ggipl jsing: a prelimnary processor for processing the
TSt and second i mages to produce a candidate |i st
of agitelivgiaiy pildcéssoli fir padcebsiig terfirsoda se€sRBintiged @ produce
creating, fromeach of the stereoscopic inage pairs,
a cagdidate dist ofrflrangesecond digital terrain model
r esdpgighhlv lﬁirptncggl LRARY fB?%EJa'tiﬂﬁ,sfrofnngéc%aBFﬁle' eltelaﬁopic
candi date [ist of changes tfromtnree-di nmensi ona
imaganpaorspatironnd a seaold digitad terosic opidel pspectivay bff et lamst poitons

LRGSR LI, BB L REELIL 0% A1 o

sterddsE&lic piel second digital terrain maps, a triangul ator
for triangulating within the tie points to elimnate
charitpagnit feafindige caoespondingpeinds abrait giet paditfone peg fudying the
. be en the.first and_ th econd .digital terrain
poinf G RE P i BY 5P 0 08 1 %BER Wit R miiianges.
Ac cotritingglata® fantrngliibtingsp@it theftiet foentp k@ sBMinatdWRREEOMat
there is provided a 20 three-dinensional chan%_e, )
do nos shew uprrshstgh difgencgs ersen ghe s gad Unetsrart dieite] fegpin
L BLRBS ¢P R0l udd PRE PRI Lt A econd stereoscopic
mapi§’rrage ga‘?ﬁ," ? e rretnﬁod tcorrp??%?ng: processi ng the
fi rfstcomlmg $®eomighthmgest tod the poesest mveanoi deteid povidefl a

e RS SHSE B BB o G LRSI o
sterdBREQic BsRaRI Ml@'ﬂse@én@te&@@ﬁﬁicﬁﬁﬁ%é pAnshd Mdikealceshptifing:
the candidate list of 25 changes from
t hipeecegiing: Hsifpiandispgasdrimepesioipiodise i candifals disopf cbanges;
pa'cgeating, from each of the stereoscopic image pairs, a first and a second digital
terrain model respectively of at least positions indicated in the candidate list of
changes from three-dimensional information in each stereoscopic pair,
finding corresponding points about the positions and tying the points at the
same heights in the first and second digital terrain maps,
triangulating within the tie points to eliminate changes that do not show up as
height differences between the first and the second digital terrain maps, thereby to
produce a refined list of changes.
According to a ninth aspect of the present invention there is provided a three-

dimensional change detector unit for detecting changes between a first stereoscopic

image pair and a second stereoscopic image pair, the apparatus comprising:
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findi ng correspondi ng poi nts about the positions and
tying the points at the sane heights in the first and

wGeemanghiss gital terrain maps, triangul ating w PT/IL206u2000263

tie points to elimnate changes that do not show up as
hei ght differences betweer, the fi rst and the second

terrain maps, thereb o) 0 .prod a refined
1 QP e s B bPar T e NS T oA S praeodice
acarRﬂ&ﬁ@ﬂEt df%}{%gon there is provided a t hree-

di mensi ona ange detector unit for detecting changes
betvbgital atefrainsmodtlecredor épi creaiimmgieopatach arfdtha %@cwdplc

St er eos IC. 1 M alr the a at us
a5 G R TR E BT L DA bS8 TR S5 SN Mgt postidns
lndld&'f&lcﬁstﬁ@ Earfd?datd ﬁﬁQﬁ%ﬁhﬂ@s tthen tHréSHinddios fICAMNEMa &Y 8Seach

to produce a candidate list of changes; a digital
sterepsgapad primodel creator for creatlng, fromeach of the

3} gli.rl t%gsa ltzgrr fo iehl'}a%gr@"%}ﬁas 5 h% hlt Eﬁ%telsqf%g ﬂ?en fi& ??& and second

digitab@irhindAsdel§ ahdddi cated in the candl date |i st of
changes fromthree-di nensignal information in
st earg'ébd@fﬁ Slltsrafqr dejgeting dugh Feguengy d&aﬂﬁmqeﬁubﬁ@ve&\r)é%&éﬁ
|
and OELATL Y Grpil FNERTo pllin] LiRlee SR nE Rafta HeBhd e high
freqiingh tomapoEncy addf tcercdmmestebehavx@em tdte hhvingt highO faqdency
second di gi t al terra| els%% af firm changes in the

componeRts, thege yltgﬂ’r%‘i’ﬁé‘a ist ¢t baiRsicy conponents and

t OTﬁla'daéaﬁfreprEQ?dW%oﬂﬁﬁségaé“lé\g ;Jasg I 1iEF %QM{%G@:M between the
conmponents, thereby to produce a refined |ist of

dlglt@hafngeens mdded qmt@tcta@d the efjeslizor Yo olipinaties of loowfsasency

caonn atyeen t i tal rai n nodel
aitiegbrckS B SRR BT oA S ARl ot " o
f r a@ueradp tokbtedihf dspec rcb@else Petene aivehfien fhicfesits pacrddéde three-
second digital terrain nodels. According to a tenth

dimepsiowat @ﬁng% elefsetigr nmethededen sistecHag echagogy detwres a4 first
|
stereggé'oz)(:t nk ﬁﬁﬁ'aﬂ&% S &Jﬁﬁ@&?ecﬁ@éﬁﬁﬂa% 0RdndREd conﬁ%rlsmg

anges between a first tefeoscopi c i
paprocasmhgaths ¢icgndd steond ovegsite pratagea paididat¢ he orﬁehehxgels

co the first and second

or Glatize.4fin Risadie MFispBpicchinng 28rs SIS e TR didil
terrald Qﬁﬁcﬁﬁ(il’:\s(s)@émte'l\ﬁ oS LRI 18RS GRRItonk MRGBatR&Iih Sthe a:af]amtte At

a second qgl tal terrain nodel respectively of at

changesfpmpbssietdimarsionad infermeationdn e seraeicdpic@alri st of
¢ h%{}‘&?&lﬁggﬂ&é&gﬁ%ﬁh‘? RS LA0ARE Y AFTBLEWAR §3GR terrain

St ereosc
models,

detecting high frequency differences between the first and second digital
terrain models to affirm changes in the candidate list having high frequency
components, and

eliminating changes not having high frequency components, thereby to
produce a refined list of changes.

According to an eleventh aspect of the present invention there is provided
apparatus for registration of an aerial photograph with a reference orthophoto, the
apparatus comprising:

a registration unit, and a cross-correlator for:
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equal i zi ng average height |evels between the first and
second digital terrain nodels, 25 detecting high

wo eaauensy di fferences between the first and sSBCDI004/000263
digital terrain nodels to affirmchanges in the
candi date list having high,frequency conponents, and

el i m nating changes not hav )
conponerits, ther ekﬂ} %%{]gegll%tg&ple Iaﬁtgrgx%FBé/tweex% the aenal

pho@RaRpBes a rdduchg G/@fsdirnﬁeﬂe@f 2t @t exferhée aspPhdtopbaseien a first
present invention there is provided apparatus for

tie pogi strati on of an aeri al photograph with a reference

or t hoph , the at co i.0g: [ .St [.on
or RoPhahe, L, J8RSNE UieoeTR! SR sl R o
phoB@ﬂ'e(pthaRﬁGHé QRAGfdto dcodrdingks o ragisirmidn @tentpegiostbiaan adirst

attenpt between the aerial photograph or a reduced
corrgERogfeceMRAsWSf and t he reference orthophoto, based on

a first ytie point C y t c
B ort o m o b oedt R RV LDBeRlL o Soddhaky, SRR o new

reglstrathmpdtta:trqat ajenmedl thg aexmaltptmtdgeegnlsm arddonedhvereopttherea and
ain a f| correspondence measur east

the GbBPRHA G oy Aifeh i haS ST ReGliof tag pabiag  fypher

corrddpgofiBcedgdasERNaidhe aerial photograph or a reduced
version thereot and the ort hophoto, and carrying out

a fauselpeser forosclectimgr & an i atput othe brealiswatzonf attgrpesr yiekding the
hiﬁ%tﬂ%§§%§r1en§e geasure, and a selector for selecting
g tethe registration attenpt yielding the

hi ghefetabtg rthepmnﬁemqe a MRt haranftef @A hyrial tphétograph or a
parameter is a height paranmeter of the aerial
rﬂhﬁﬁ%ﬂ@@Fﬁﬁ?mﬁ? -a reduced version thereof. 15 The

ap pﬁ{eagggﬁ%ahucs R ?éf@f ? % n?i%ﬂféd%rc%ﬂgndj;t G eoéﬁ;anging of the

st epwi to ma
hmghe@mdtmatkearaQMenmmaamnpanhadtﬁpp Preferably the step
Preferably, t he paraneter

P:fﬁibé?&%fé“egfep{‘ﬁgu @Pf‘%ﬁy Bifot8GFaph or a reduced

Veﬂ&kﬁfhlﬂﬁ&h@%rame‘cer is an angle of the aerial photograph or a reduced
version thereof.

In an embodiment, the parameter is initially an angle parameter, and wherein
the registration unit and the cross correlator are configured to repeat stage ¢) wherein
the parameter is a height of the aerial photograph.

The apparatus is preferably operable to carry out stepwise changing of the
angle within a range and to make a registration attempt at each step.

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

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

Preferably, the registration unft, the cross correlator and the selector are
configured to repeat the initial and at least one further registration attempt for a

second tie point.
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20 I'n an enbodi nent, the paraneter is initially an
angl e paraneter, and wherein the registration unit

w@na4o®a3cr oss correlator are configured to repeRIL2004/000263

stage c) wherein the paraneter is a height of the
aeri al photograph. The appar at us is preferably

l e t t st h f it I
o PRRoBY, dp oM S HRlcotis a0t COTArRbrnd: Penisted e

confRAGKH ﬁ)tl%ﬁeat 2R i ARNE AP RALmRfurthdi Qe gidtR@Rni dtempt for a third
substantially ten degrees and the step is

and fwinthttermoirtirespeotineldegr ee.  Pref er abl y the r egl str at i on

npts are ca d out on th
¢ he PR B oS dhifichBmapean SeBopr P Sep T AP FlaB s
alon%%ﬁgdrﬁﬁs%@@e&[ ity 6@ i PointL@ Fttedhine Wity FOthe output
referably, the registration unit, the cross

regigwation] at or and the sel ector are confi gured to repeat

"gkBlo 318l LR PR LRSI RBIbSHERL) Povie

methﬁT/fbﬂ.Z@@ét&ﬁ%ZGB a8 ariell @hadobsapht Wethr egiedéreadei @fthophoto,
unit, the cross correlator and the selector are
COmMp@#fg.gured to repeat the initial and at |east one

f ) her regi %arkﬁ{g,' on %lﬁﬁ]}]eéglgtpartloﬁ bidh ng[y b@ﬂgeeflokfﬂet Rerial

ti e point respectivel appar at us further
photograph ios e reduced t/cmnonftbérb@ii/md thoreférahdeawthoghatonbased sn aFirst
e alg.?ng di agonal s between the four tie points to

Pi8%ernine a quality of the output registration.

Aceprdi ng tocagrying! bhth aagRactrRRl EdRIAIMS BetwdeRV aRt iaefal
there is provided a nethod for registration of an

photggiaph| anghidie ogfapneewrithpphoice pesoeding torthhapgisirasion attempt to
obtaﬁf{"ﬂfsk ?6%%PO&O()€H@% rér%frgg an initial registration

aer’ial photograph or a reduced

vekyi on ther eofeaﬁmﬂhcé hhangihg bgaeenacd hoghe! © newasgstraion
a first tie poin b) carrying out a first cross

attereﬂr PEIVEEN oﬂlebé?wéeﬁh?tﬁéraalér?ra@ reshiseh greasion athare% gnd the
orth(ﬁﬁ{o% ks flﬂﬂgg%tt 0, af@EA! BGsst Qo}rgﬁtn&? %oS b A further

enpt to btain a first correspon ence neasur e,
Corr@)voadenbemswnmdchangl ng a paraneter, makl ng a new
re%é;hg:gl Sglseélg(téthle $ glg%)u BHY tl%ehhgeg?s ratlon zﬁ&: ?g§1?181ng the
highest correspondence measure.

Preferably, the parameter is a height parameter of the aerial photograph or a
reduced version thereof.

The method may comprise carrying out stepwise changing of the height, and
making a registration attempt at each step.

Preferably, the step is substantially one meter.

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

Preferably, the parameter is initially an angular parameter, and wherein the
method further comprises 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 each step.
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ort hophoto, and carrying out a further cross

correlation to obtain a further correspondence
woreagosa3e and 20 d) sel ecting as an out put thePCT/IL2004/000263

regi stration attenpt yielding the highest

correspondence neasure. Pr ferably, t he pararreter is a

heaﬁh%ags%cf gﬁ%reﬁ;ro{rﬁfglst ?ff un%_Lhe 1ange é{j oerqr; 5 Rle orcrierrlosf Jen degrees
and R didp 10De VU theSdraBvdfoe abgagi ng of the he| ght and 25
making a registration attenpt at each step.

Pr &referablyy thetmelsg@tecm Jlgmplhare satricd|ouy o Hie reduced version and

Addi t.i onal | \Yi ameter is an
the rgﬁ ‘feg VSFS“Fne‘é § girgd %(él EJ}IYC“OB ?Oﬁgg{)hot ograph or a
redw&eﬂlemﬂsmay ddﬁﬂfrﬁ@frep&ﬁﬁ@emabinyualtd’rﬁi pailagebac fusther

initially an angul ar, paraneter, and wherein the 30
registeatiop @tempt 19s A secorf ticdwint repeatl ng stage c) wherein

t h%hgahgnﬁheﬁ)ﬁgsco%¢rﬁg' e ézﬁn Ofhe. ;ﬁ%ﬂhﬁndogt tlé:‘fs‘t %ﬁé'fﬁl’ther

phot ogr ap nprise carryling out
reglsttaepmaaemphﬁn gitmed aid ﬁohﬂh auagplomt wispédtivelya range and

ma gi stration at eac st ep.
o0 Jaahes T mpeg DRt Fh e ok ﬁgwﬁgybetween the

fourqurfﬁﬁl'l@?o §§&ﬁﬁlﬂgahﬁﬁlt§%f‘gﬁ JubhuR fegiratiBg. order of ten
degrees and the step ' to be of the order of one

deg%ogerdnﬁg &f ertabtepptht aﬁ@@ﬂe@ﬁ élerlame@h natenmpttlserarle provided
appar: t|u fe Fa 518 q la i€ o, net Vrelrreg#s(l’r ti {1 og co eg%og%éng gmages,
% 8i'6h 1% Bﬁ‘b“n% B;Pé pi el “HBdUCY i On PIaLEs
com?hgmget hod may corrprl se repeating the initial and at
east one further %| stration attenpt for a second
ti @ tsaront, ldqrw@eﬁ&rné)@ WApE PoMEY indke sasfrspRnidig ipges to serve
lL.and at | east one further registration attenpt
astnEﬁ&bﬁ]‘tsaan ird and fourth tie point respectively. The
rretahddssrﬁaqr foorpussifieng obhd olentified ontpauts aal stabde dr algsmbllestie
ween th f our oints to deternine.a qualjty.
poirg. FTEDY (i U TRSGSIbls: e ROMAR o SO D bl e
poim¢pect of the present invention there is provided
apparatus for classification of tie points for

r edireferadly, the dasstsr nesspotabiy indexge slassibothp tie poimgs.
E: io(r;f)rrée@}a%hd th esrt];gblllfltlé/qrrlde];xq;lclugesnctolloryals r&%ta%?ﬁt? t1ﬁ¢'dlcart]ort he
PO

Preferably, the classifier is configured to classify green as unstable.

Preferably, the classifier is configured to classify at least one of brown and
grey as stable.

Preferably, the stability index is usable with automatic object recognition to
recognize predetermined objects as being stable or unstable.

Preferably, the classifier comprises a feature recognizer for recognizing any of
bare earth, buildings, rocks and stones as being stable.

According to a fourteenth aspect of the present invention there is provided a
method for classification of tie points for registration of corresponding images,
comprising:

identifying points in the corresponding images to serve as tie points, and

classifying the identified tie points as stable or unstable tie points, thereby to

eliminate unstable tie points and base the registration on stable tie points.
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15 as tie points, and a classifier for classifying the

identified tie points as stable or unstable tie
W@ei0ans413¢ hereby to elim nate unstabl e tie poi PCBI20/000263

base the registration on stable tie points.

Preferably, the classifier uses a stability index to

classify the tie points. %0 Preferably, the stability

i nHaless ptenviss debpest: aélste@lnwétanﬂ isgigniifigifezms gped herein have

the &h&f ﬁ{eglkﬁh 'as %ﬁbﬂ?g{ I%foodsly: 8{}‘% ogl{) (ﬁqar skm ‘rfhc‘%ﬂef It to

green as nst er abl ass fier 1s
whichahfsi iguenedntbelopigas $hé ynagdrial 2 asthools enrﬂfexbmplm peovildeddreesin
Prefer e.stability index is usable

s st.abl e. abl
are ‘ﬁF%‘W“é{EPB‘r}‘é’tnF‘élobﬁit%% ﬁ%@%’gﬂﬂatmgon to 25 recognize
pr ﬁﬂﬁl*eﬁ(eﬂlaﬁ%ﬁ oqqh@%e%h(ﬁsa&ﬁgﬁ&n%%{eep&genv BsleAlbiS involves

Preferably, the classifier conprises a feature
perferatng wr zemplaing exbgnisdecigd davks of stdparsacleas tshlecting control

. buil di ngs, rocks and stone as b Accor di n
poinfmauil? uloRfaiRalh e SPTBnatat et Rottiracanidng do
actualslnﬂh@ﬁm@@orﬁanm@qmﬂeﬁmf ﬁxjeﬂﬁl%ldfdnﬁlﬁfdﬁrﬁéht@f)f theememoatzﬁld

for registration of correspondi ng inmages,

systep rafr 18 prgsent a@mmpy,u BRYCFsbisalesterd rﬁt@meCQ}tH rbéslgmh@nﬁged by
hard%@f? dﬁ\glgr\é pOI %rzRf?l' {E&gﬁee oran Ci!i-?x‘f'\g%mrg%' i%gco%?natlon

therqudi ntFor dxaaipddy ad Olarcblfardsn sedeced) n;ﬁdpabd)ié thd ényaation Scoait] be
base the ggglstratlon on Stabl%@E poi nt

W .
implSGished 8 858 P9 PESHID AT BRE: Selscigiiws obihsaRygnsien could
be 1r91§1feh{éﬁfé:d Rl plLEFHINbE A A ifGu RS s Befnd &e@ﬁe&'%?% computer

herei n have " the 'same neani ng as conmonly undef st oo
usmgymy) neitdfle opeiahiag yyg&n! |Inianytdaee, aelected staphiodthe ieghod and

i nv i on bel on Th od an
sysfl i i Bg P SR o opdTibest o Yt A HORRD &y e ragessor.
suchnta doRtpRINEE ¢l dtRdriagol éxFehtii}a plardlifpbLimBiticiiohen of the

nmet hod and system of the present invention involves

pelt riaipgd Gt dhaipn dbe floavang apfaresessedre edadeagkisfeapnce and
currétt SRS g‘s“%'? t?sﬁrg‘leérﬁicgécgl?%% Jsoclr Rrﬁ)qlagﬁsfonﬁ)gﬂlgl ({rybefore and
reover,

aut orat I cal a conbi nation r eof
afteranmgesjmmgqage paiact Tiadse vaxsdusuenanstaat imendad do bgsyinompmbuof

preferred enbodi nents of the nmethod and system of the

present invention, several selected steps could be

i w@m&mﬁ@@bmﬂ@ﬁ@rm prAwhYGsof t ware on any

operating systemof any firnmware or a conbination
t hdheofvenHon lsebtq-rmnl descrawdhby ovearad exgmplectrdyl witle pdergice to

the acgompgﬁly%% drawmgs \gltg Specific reference now to the drawings in detail, it

is stressed that the particulars shown are by way of example and for purposes of
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
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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i mpl emented as a chip or a circuit. As software,

sel ected steps of the invention could be inplenented
w@s00a/0pd186 al ity of software instructions bei ngpEREQUG4a10263

by a conputer wusing any suitable operating system In

any case, selected steps qf the nethod and 15 system

of e vent i cpul d descri bed ' [
e R Rl e A R
scenexecuting a plurality of instructions. It is pointed

out that in the faollow ng references are made to . .

r eF &5 ehisea aimplified fprgiionaldiaeram dowing ¢ mediodgf phiapigg gnd

' e ol n - OW 0 far ferre
prochTRALSe Rl fiap8l (oMbt e TR Reiihe B kfroferrd
embodiirentdefttht prdsentigvemnynpus. 20 BRI EF DESCRI PTI ON OF THE

.The inventjon i s herein,_ described, b f
OBl & il SRPR D Boske dEreTD 1RG0 Bm TR ibon-board

phot8E@ph P Giteny¥druss REGithd preb&i 8BDERNRW t 0 the drawi ngs
in detail, 1t 1s stressed that the particulars shown

ar ElGy4 isaysimpliird hlock dageanh diuspatigpbe omfatipg of left and right
i Llustrative discussi,on of the preferred. enbodi nents
thredsginteRioRbl Biastier HrEETn fort pretlres SopediRaadh I piyoent

invehtiéh;cause of providing what is believed to be the nost

useful and ‘reaQilg under stood descri ption of the )
pr FHei plivg sanplilieshblephk dieram pbettrgting thehese qfnibeastdiggnsinal
1] r t Iy de .t act.ur al
chan O et ¥ B B oA O PRl
netBES.s@isya implified bhodidigiah illusdeatisd epiphlagfilefridererec@Qing to
inv%ﬂtion. the description taken with the draw ngs

a preferped gmbosdimeniif thoPRepid MVeRi9Med in the art how the
se FPL : iqE i: [ oW
¥RE 2 is ef-’glﬂﬁhﬁgd bRk ideeh 1%t1‘5§% %lg iﬁég%@ 8% ehfdving DC

_ practice. In"the draw ngs: WO 200
bias PO $uc2&OEGDDERes addigitah terrainsnaglelsi npl i fi ed di agr am

T N T e

remoBAd DA Kifs fbhaubicsgvadiditalReasiastddets; aeri al i mages for
automati c change detection according to a preferred 5
enbldi fbne serphfied drerawniluptrpingtapparatus) figr registering a current

imagd R} kb | (g Stk |

o B oAb R Bl W3tk 80 BB Bl & he pregent

invetnbpdi ments; FIG 4 is a sinplified block di agram

TG RS U AR S——
stable TS e Mor @k ih MPafy REBMhtion 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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10 invention; FIG 5 is a sinplified block diagram
illustrating the use of three-dinensinal change
w0 ndoang@EBé on as confirmation for two-di mensi onedT/ozaeug®0263

information; FIG 6 is a sinplified block diagram
illustrating epipolar filtering according to a
pr rr ' f n t
D B G e R ZoelgE SPESRE |, SR MO O phfiar
raxﬁkﬁﬁamefFKbﬁia@ﬂDving DC bias from successive 3D
|na es or digital terrain nodels; FIG 8 is a

£ 16 dvia pinedkied; ciggram HIH18pe b iaRBication treg of gpgs, fer the

r renoving DC bias from successive
]naﬁlgltg%ﬁﬁeégaln nodels; FIG 9 is a sinplified diagram

illustrating apparatus for registering a current 20

or s (AR A TR PREPEREREY EMBASTRESERY, on *F1

10 1R SresdnRinbbiigictnl aGkpritiea0 @M lfbUstiAhd Bee dimensional
apparatus for identifying stable tie points for use

data m stmg@wl@gmgcatq mfmmcmdlrmgatﬁ@hangﬁs @peametdfrom the two-

ti
aimEIG PR e gre, PREGer it MY GERBr SR mRaATLo!
registedtReit dfamag @Ik @h fgb dEndiksRhe hhEth BrRQHNERNGSS, 8hd Itigroved
resent invention; FIG 12 is a S|g§I|f|ed dlagram

metheds ek rearqvifg B%éme@awg\pef%'ﬁbledbteé MeRsionat COMPRirYN f9 be
mad% qfu‘?{h@{rﬁ&g t%ppl )\ n&n@dl&igﬁf RLERPHE eieﬁ teinocﬁ ﬁl@rﬁg for

is a si |a ramilTustra lon O
chammﬂ rvetdeh hinsj ﬁmt@nse%lﬁleimomfndstngtimg)ﬂrﬂ rpdiref}ﬁbdfeeﬂ)r intensive parts
odi nent of the present invention, EIG 14 is a
of tE? SRMPRIOG BOETR 181 hgpemFandidadss already H‘éﬁre&vl'& iﬂSF processor-

inteRfidh@gedet ection process according to a preferred
enbodlnent of the present invention; W 2004/084136
PcWheLm@mlem@mBspermoprGa d@ng@dqe@mpwstemedc@r@gg donthe

pres%Ft 'E}V ti ’n aaH/ d ﬁ&\tt%%él%d%l‘s oog n%b eéed'icalr eC L,%lr%@v‘ingosnand
accdrhpangingadestriptivon. appl i cation tree of uses for t he
pr sent enbodlnents 5 DESCRI PTI ON. OF THE PREFERRED
oEeRPaInTRR alees one chodaicREn the Hyspiosie detadl szt be
und&@fooHtﬂhhﬂ BN ;IiES 6 ENSHhAARLR 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 1s that, since the two photographs are taken from different angles, the
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data in stereoscopic inmages to confirmor elimnate
changes apparent fromthe two- dinensional data of the
WG 2008/084186)eSs. The system conpri ses inproved nep¢mux00#000263
10 registration of images both in two di nensi ons and
in three dinensions, and ijgproved nethods of renoving
qe]Re] b r I I
ans RO ERAOL B L] APy e SRR he R AG S
inmanmﬁmdﬁhmﬂmsysten1of filtering for changes mhlch has
t he conse restr ct| g t he nore
pr O¥dBEY foech ﬁ@%@k%\l& qeéar&wwqt%%psp%%we a
con&%t%%@%o&%f&q{ datess Al QMlsfHalvé Eér@gec@&e s%%ﬁat scales recede
pr.ocessor 5 I ntensive stages. rinciples and
into oiperdasthmue. oHoavewbrangeas qteﬂ;sebit: itorcogyshee ammimamhtmglly dor the
th%. prg ent inv ntl&ﬁ be bEtter Ederstﬁ
PEISPETRF &RE &° FEAEN Y AR AY aaﬁla orBeRASkpah s mych fess Processmg
powdeSE Nt RldoOPossHaé %eal?{) |aah&lvlﬂfgtaﬁk%n | GRS grANe oo adidiBBhce
of the invention in ail, it is to be 20 understood
orthephato tand Rehyeset then singe esult.i i ligament for sthigp phineat i ragain

Con\;eﬁtlwﬁ%ceatmé({osm%f %ngf%gﬁttsr(%lr et on and the arrangenent of

onen MY he following description

or A lslevsigkah @dn idsd be uéédﬂm BBSin 4hBgitdIveniihofiodd. Contour
capabl e of other enbodinents or of being practiced or
inforgaiqne g e PRASS | BB Wﬁygteresag@al tq tergage o thyee-dimensional

landgﬂ%@rf’ﬂ@ 1t51h@1'raﬁ1|}ﬁ a@% gggregﬂgn %Feﬂ ﬂ?qué‘tures such as

l'oyed hereinis for 1 rpose escription
buildingds,streuhmdl thetikbeltheqgr thest am Hel SnpérlmgoseRMtafcﬁmseieBlSed

de to Fi i lifjed di .
P P BES Bor Rg iot oo (iR SheTRe, Gl Soneentionally
take§ Qﬂﬁ@fdgﬁipﬁg afl t\bé“slaﬁdrﬂg tfesPdil MeRithd pl&ogrhPRs ai dh O@Hd to

preferably takes first photograph in position 1
findghgegss ﬁhlatpimc @gmm:ﬂd infthe meantsree.o haitiplhs altl sarh ql@hgwldetcﬁlon

s e BN RNl TR A TS s MRS i

aligimhetteiogaaiad Altitgonent the peésepeimd pRvIiow® 1@15@&509T@@1|ﬁ& Mhilst
copventionally carried qut panually by identifyin

thregy; ffﬂﬁﬁ%?lil%lest%%f@@ based Hmagipg }Snrﬁ@@k usgch dih r%@nét@mnpm of

feat?@d Bh Sthe Reink d6én 9 tc?f)o%ﬁa%)ﬁ? CHH( dnd thé Fike, allg€ d%]tggtlon

two phot graphs are t rom ferent ang es
app% @04 O8UkBEPOT, thLﬁBﬁ)wsEm@IZﬁﬂ)tog’t@p}an ngHleaneasons lie both in

o TR, gERR e i, SR e Lmnel el

comPRRity OTedriyihgt AR afiadEHNch tHehRsBhag MresiaifeRidhal84ta, in
Maps have a constant scal e throughout whereas

Pamﬁhgf dyrnapessinagest pavodyrsldnicomying out thege-dighsignal semgerisons.

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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5 into the distance. However, it is possible to
conpensate mat hematically for the perspective and to

wa@e@angtishat i s known as an orthophoto. For nurtT/iI2e&t/000263

processing power it is also possible to align a newy
t aken photograph over a regference orthophoto and
that Q“i@éa%‘éﬁ & Nhis gﬁ@g};& h AL PERNG il RUTARSE Bf
conve B e out using contro
accumyntPE)welv@r meSdceﬁﬁog tedilabkinoraGBB, deass eakrenlydbt auvrilaa use

ital terrain nodel Cbnto i nf or nat.i on can
is OnbARUOM Vg PRBA ST oAt I € AR AHTER i el o Ratively

hlghtéﬁgg tf:JlsrTE(%%I 28 rovld@ngﬁzb%gﬂeaccﬂ_ﬁgy db At He bEES BbiNeffective

as such i1 ghores non-terrain type features such
ahgrment bIhdt ds ngsay the d&l2S anel smhplnig lenneaatipteugptery beroad.cahilst
qsed | ater S|red A use for aerial
typlcﬁﬁ ERCRUCRE T ﬁ%ﬁ An aircraft

Coﬂ'}/gﬂfei‘ @d"?éduﬁe tHO1dcak&ES uﬂ&?ttaﬂlgf Rt dsefIBOYUPEt fgnal
times and then the photographs are conpared to find

provma,rtge@recfmd trabedimenumeakes use of Aeinsh gtqung speadi anddp¢agion

b PP FEL ETAESLALGH, RSb L o s

locatsél hthbi@emanhts 9aite ptedicts @afet efl to WatdbRxdansihfie ther asedPsS
and previous imges. To date, whilst _three

meagyireraensi Byag 1§t@¥%@gfpamtms%thﬁrﬁ@§eﬁ@ﬂlg@t Brthelf 48y Vigpal

locati§Eonstruction of 20 features on the ground such as
topography, buildings and the |i ke, change detection
aphﬁages:rmpmrtrelay ieitial peicesing wiget MDtransi@nsi tbadlput images as

e reasons |I. both. i the difficulties
rece&%% m%éﬁgfeémﬂadmog% O YHable B e do ine ipkagsEs. dRepne
versiofl thieforma® el Vﬁe@fstafi@a[rﬂ)”l“ﬂg cBHer ORI RS qﬁxa r}eamlon

resutlngthree di nensi onal ata in partlcu ar t he

baseérrommahgn cwbichi qrvaitwem lmg@awraymdgfoo@tach mput image. Each

ree- di nens 0 n the ;
1ma% R}ﬁ S an élS%S gf e ar e tS re 18%se(af tt trlg, 1mage wrfq%fe each

imagdehif eie: sedhéﬁbﬁ&:t odadimdeapi bf faatfoe rzrmtlime\housb@xeus ed to
det ect. changes i n successive |na ﬁreferred

enBddniighlocaton $agg¢$ seift AW v § %ﬂﬁf “Whigh {frlescried in greater
detaﬁr%uam %na Rehicial rwawe*s 5@ pf e5n@5&? eg%k anﬁ%r ?@eéexi%f irf¥fial

digit (or digitiz aerial 1 mages present
locaqmreb@cclem @\rﬁwdwrﬂem-reewiatjbremoaals,em adenfo ngeoat th@riecation

cara AR TSR Tkt SHEETS B s Rt 5878y 7 ond

flighPbiRldkh. An overV|eM/of the systemis shown in Fig. 2.
| mges are freferably obtai ned froma canera 20, and
pr &f &g-edlled L@%ﬁmnaalg@ﬂthmowbu&@éd“«m@whlsaa p@mlatmnpwgess

betngg? @&%%%ﬁ%%%ﬁ%ﬁ%%%ﬁ@&ﬁ% b IR ATRE T T System

sensdnodéhbllﬁputaﬁ) thbiigin 16datiop podcegy axréhth\t/aﬁaltsak@mubﬁ and alignment
avai l aple to a certain |evel of
parameters of the current input image (x. y, z, Omega, Phi, Kappa), and the output
comprises more accurate parameters (X, y, 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 i1s changed in steps of 10m, again to find the maximum correlation. The
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accuracy. However the accuracy avail able on GPS, at
| east currently for civilian use is only about 10m
WOWwaoh/084136 gnal once per second. For an ai rcr af PCT/IL2004/000263
traveling at relatively high speed this does not
prow de enough accuracy tqshe the basis for effective
nment ... That 1s the GPS rat

procgscrogiifanderensasd mmﬁ By eBlFiatoF Bragied o be
the 086 ah® KlaPpd Reset, A8GRiAL tHad CGafledl 58 Phi hit RkéleMetdutput data
. reduce the Focatl on uncertainty that direct use of the
Bfﬁ@ﬁgmﬁkﬁﬁﬂe provi des, the preferred embodi nent makes

d d d |
L Ve B0 RS R SR b e

30 peyvigdy ﬁ)ﬁllécﬁiﬂloh%f%&eéiﬁbddﬁf‘gaﬁdlﬁ@ e dvetemplig, senef images,
predicts. a new up to date |l ocation since the |ast GPS

nOWﬁb%tsqylrleﬁ@h@hgrug@rﬁ dias beerpGrieth Py MtpEatipfie PRIt Sigasupment
f t I
s o gt Bed PRMIART gl QF PE o SRR TR Bhorves
findingate dru@sparametersv el tier camerin docsioe raad | arteatasiof,oami the spatial
. sui.table for the foll 'n. rocesses .one 1
orieJia] B SeHAI™HG A 06 U REGh HedoGtahyibi ey etiapped area
of paRHVEI ShAs.| TR USRSIoR! otethe’ 88 YRIAIONs BASRDon cross correlation
m nim zation, which creates an inmage pyramd for each
compyigtien iwithje . sniilc Fmagemmialomysr ani willc b sixplagedf inagreater detail
beloSeauence of replicas of the original inmage, where each
I''mge i n the sequence is a decimation of factor 2 of
t heriphguhss sudetionAn-i ai ttiadgulpivat isonuishageees 3!25 iBvblves
automatic stage which is descri bed | n ?r eat er
COmpEAHPN OB&%%meéMoqu%arr%%qtrv@sona ar ol dhsr imagss- o%mtla#r?éld

finalCI%ElElSJ ﬁEQ{btdlﬁedjﬁle% %L%e 59 and %QBJJQRN&QWCRQ stage of

overvi ew | owreso sa c, In’order to i
insetting dootral inpnts Iatsansdrtetindn GR@e s'MSthe parafiteeerouf plctt caofera are
. Sta 28 includes canera | ocatjon e. X y.z and
estigFERy Syt SheBUI baStl PhiTe ety ar  t hm i s
us edntrélpdihts i St -Gk 8l6at b htBa@FRSAputdtgb el si@ control
ref erence geo-1ocated orthophoto and an |npu i mage

pomer%nmaséresiyst témgr@@dsérset Thioup ﬁ@rufolmlmh@nmnnwm) is required
in oxjdglct%té ?Igb Eth%%graiupa? Sk fmég%é%gsa?n THE 001?1 olgrge%gg "c;lre

ar ane curren I npu
pomt?,hm, thKappmy, foawﬁlchhleere utqcméasumlraarth ssﬁrdma&e 1a61@drngtlﬁi ght.
araneters The Orgga and Phi

Kap .
The gainLyfze gyagk e‘gflé‘ Vi Eles imintegadiyrldosase hemyigrthe inpages.
TherY, €t btﬁ@é 3R @loWapth Agd &%nﬂﬁ%n pgefier &%r@ 5910 EAdthhage is

wor k follows: The input image is rotate
recomputeérmsﬁdsomtﬂﬂeronw@glwes At each step the inmage |s

CobEl4u e Yht i EL ST T R Ry AL 5
base8t @P3hOfstetedbcopigainforhfatibh e theeoveh MDY wRte! Bitd M s
computgd 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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WO 2004/ 084136 PCT/1L2004/ 000263 15 process conti nues
in increnents of 10 m The nmaxi mumcorrelation is

weedognsass t o be the altitude and Kappa i s setPCT/IL2004/000263

assum ng that QOrega and Phi are zero. The output data

is saved in FLT fi le. Tiejpoint nmeasurements - In a

foII ta ol,Nt  neasure St

e OTBO B ATE B 4 8RO PRRE YT ShaSirh o Hfrom
the TOVels) dp Rl es&hS tﬁé oith&gRsos andahe biiginakitndges,ttb &nd possible

al i gnnent_has been carried out. Automatic tie point
chan g‘-“\]?"é‘?fbh‘? fore; q;;ldaafkyir @mpgﬁsr?@ﬁfug@pqxv@y filtgp the possible changes
into 1'sLANOH 0 | JoEObEEh
into FEMAL P RICEEAZATHE Sl e S P RNONF Shange
dete@fanewhathi Bntheadetedtivg 31ﬁrhtm@|surn¢g iof nthahgea nbdteeere @xthophoto

Pairs of tie poi sarelo h
mostigesh the pune frech et ‘B Fegt mep ﬁﬁ@é@gm@g%@&?mm dpd
chan%@%lgsklﬁcﬁﬁim%w'hslsQﬁ"%‘é‘f#{lﬁ@ oqrtﬁe?%eféetreﬁ hahdeons b?lo%gmg to a

conmputation wi thin small Tmage w ndows, as w |
natuek pdeak peth 4 magmeadedargdet ai | bel ow. Tri angul ati on

comdiba in shimeRuotal el Bl R LR P e

photf)%’éplfx’d ind HRnith@QRSngek Aid fe?ém@ﬂ s béﬁ%fslgfihﬂicahﬁ‘ﬁuhéys c@f&ate
tained in separate stages 34 and i n between

WlthMﬁI@Bﬁ?S in dedbrscimensenal fapgeraphy Ablhe iZitsndecagen.| s
e ?

?Ferfér?f)jla/ té@ al% ?}tl c&g@a&%&%ﬂﬁ«% ?15%%? ﬁ_\f [_{)gshél on tﬁﬁ tftat
enabfttstseme_@d)latrinmgg ahdh timt pﬁﬂntsrgmhdamm: of the iairpatt ovesﬂmgippr&@rlate
sroup 73l 234 ShiBa<aiE DA e gRETIH | OGAL G acgprahgp he mission
plan CRABLH QbmRREREaDIy M ia XY %toh’?atlﬁﬁwdih% %oto%paphg) sPIERT Att$)1cal

onput e the earth coordi nates of i mage” nbsai c. The
photcgmph)olsyfﬁgmnfos thisekipdi oft sctontyt hetyng@Un chapagt ontthe Hollowing
lemt here are neasured earth coordi nates, including
clemgliSyht . The points are marked in a way that enabl es

t oDiigitad EdtroMpltivall @eRt€ themin the i mages. Then, in
stage 38, the location and orientation of the canera
foPaﬂa%Sﬁahﬁ@@rmumr 88dnput ed based on the control

po'Sﬂ)tr%esga?aB'h & std&h ﬁieﬂd\%%}le{)%h@ the &Bﬁgaetolégther with

i nvol onput at'i on ased on t
posistredaa Sooptihe NavfgatimaGuddanice & Gentool Sybtampi ng | nages.
conmput.ed, based st ereoscapi G

! RoPIPREn SFEEhdS SRR app Blpckr GaZatr TR oG e 3. and is

speciﬂéﬁg?ﬁem%ﬁed' 16 bk §RKAIIQbnI a8 N$2 ligheRirp¥Rs.| ap
bet ween the images of about 60%in "order to obtain

t héhePretozpe W@amcmgl@d@r acaoera-40anhish tih opkdied ogtaagenudly
stabitiZed 't g‘?c? 2tahd ”fPi n)\nlgayt] i S{]%ﬂlz%r 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 software
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.



15

20

25

30

into a rectified (Othophoto) nosaic. Cal culation of
the orthophoto fromthe stereoscopic inages requires

wo bm4osaes a | ocati on and the DTM WD 2004/ 084 18GT/1L2004/000263

PCT/ 1 L2004/ 000263 16 A change filtering stage 44
i nvol ves using the 2D and @D i nformation from the

DTM, méxpﬁméa & ?tﬂgé}a 1rE§]ﬁn&[&n&ﬁ&ﬁﬂﬁ%%m@@gci@?%igﬁ may be

ori gi nal i ndges, nd pOSSI anges
exednefdobe aanepahg eprogrmmgé[s aarthiodonessiheadperdtod tharkstdrea map

si bl e chan into a_set of highl obabl e
usmgﬁg?]g&m FREN Fﬁrt %Preﬁ.tptb@rnh%oggﬂﬁgg ﬁ%wds@ b marked

areaCRARRR iR A8Y %%]l&pm‘é@tacg'@ Wiich Qﬁnﬁlﬁteﬁﬁés't BRot8&dphing lc]gcatlons

nmeasuri ng of changes between Ot oto® npsSalcs o
and flght patire, ltsm'gjﬂid,ttlctrakemuaparainétbﬁsrwnh a$ revelstiamverlap etc. The

di ffer i ght conditi.ons, a hange, classificatjo
outfih i, OF Be e PrGoDrS Arist S eceligns thipgoagraphcd by the
airbb@k @fGipA@nt 0 @ natural scene or to a man-nade target.

Typi cally, two-dinensional change data is initially

obtTierriptr e ishrrefaratdn desteds ancb wehdfgqtchpnstharmowlenomméer
usmggif‘{ig:l% 1%[1 qn&%h% Egﬁulgtéonlbr%lo?% on tﬁen I%rfolug&’l r%{eshrg %t g‘fu\él aircraft,
one tcapagst al;ﬁhghe gilarirfed }g‘ldl@giaﬂﬂrﬁﬁ@ﬂd)@ﬁond:’ﬁﬁfr@rﬁﬁ ¥irdriif® speed and

aircraft carrying out the survey is equipped with a
diregh em t hat  enabl es survey pI anni ng, and that pernmits

QUIFARG EoOfimbiliioft 2"

tr gg r%osf "at the cor‘%ielg%t%a H e o %ﬂﬁﬁ%%P %%ga&g’e%{k‘i*eto
are loadsat todhs aictoroe diissgort mmheerrmsmmedlﬁhr[g @ogratthen thesiireraft

t aut o tlcaII hot agr .
comByEt aRi ey T T AT oBap i Ry e BT it RN fhe
reqLﬁ’i‘éH'pM!htdﬁ dc&ehyﬁfﬁfé'd }éramsage pRBe.t he fol | owi ng

|I:2| ectro- optl cal camera; Payl oad

el enent s ital
St &bice Flfefrlr%i% catiemts chapedp @rpé@@ed: ab@bgﬂaphwmlm, the program

t.0 m
sndB LR DS RA S5 4 S0 PO 55 PSRRI L3 P
di gusy ahega 1sAst@redtmttya @nisyisi @binpates Ial@mambdmédowkh dhagadigation

formin Fig and is . specifically designed to be

ParameLgrs ¢ P%%U%ha%reé@% AEMUWD | i ght Airplane. The
Pr gf ghy %b§d’1§¥eﬁmHe%lvféqﬁ§n ﬁatﬁ%ﬂne‘kpas%llgas IFor each Spgvey

installed on a nanual 25 stabilized rigid stand
missio1Palydre d6l lﬁ;t%t:abll)r zaelﬁle44>f fnawtgaeon idapr. AAter pamhf SFakenBisture”

O her feat hovvnln ck di agram are
CO‘“E}%am ?‘Hreﬂlﬁ “%Q P?Vé%atkﬁ’élr‘%’ (1% °“=aSPSe Sreguan fi eﬁ fsywritten
to thexflealangchictBididsal tirde tigah tRhiMR@ ANy according to the

Pt %SnetTlte g(re(gr&c()id I1r:1raegnet z?ndI (?atz? %?e%dfrc?nrll t}?e 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 {light 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

least overlapping images which incidentally are taken one after the other, the stereo
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series of software building blocks and conplinentary
sof tware nodul es. The software 30 elenents may be

waodaphed3@nd i ntegrated as a systemto ful fillprPehBE.2004/000263

desi red operational functions and tasks. The software
may for exanple run on PCgype conputers on ground
affe&%agpeapg %gn a;ll—rb%'e%{ R9L _gucﬁec ahdbdt Iffﬁis%i)erc%%hich move or
prototype are Witten in ce+ and Vi sual basic. WO
disap{28Ain08é 3136t fchh/chh 2804/HGpa6&1. 17 As nentioned, a
o b et el s R cng) B s o e b foving
bje&TRAMHRO thaddiCdRREDA 1451 RN sAh&RRo b istGotibifed £
° Jeg?ggﬂ{c? conp%téél“r ,e an atrnggleg?nbe phost ogr a%hed. T%el o
chaniges tiett 9cafr dunmgnthe lpedod debeeeartbe ttiwe phbtmguaphy sessions, which

.., foll ow st.age whi .conput es. hes hot ogr aphi
sil et i e SR G ST i adpb SGIeO AR SFHp ghanee
deteBRIAABEAr s such as resol ution, overlap etc. The

output file of the mapping programis a list of _

| oBaferenss. ist powempipttodgrigpHedvibgh tihea smipliftpdnelock diagram
. ui pnent.. The output file is preferably test n
s R N B RShe i S BTG PR &7 Rrla@Rgy o

the pRplese dfithahgaid@tdtion. MideaPardthec@hprivgs a BigTeaF0dor storing a
virtual aircraft, 10 gne can test all the planned

singlsHgnagg PRptAgde t RashElterssiZngn agripl diangklation spibet adigital

terrafll rrﬁ&ﬁdl? _nforﬁ]%t QM NS 158U b OfueAnth v ghitd k! 9 c?Sljf}ﬁ)photo
output file and any chanjes thereto, are loaded to

generdtmnatwdalengcakiuass 60 for@opeti@ratiod adrardaspdndnd gnyitiplgrars?

.on the aircraft _co ter reads the output file and
Wi Egs B C3F OfF PR EHD8E PSP | owi ng the 15
reqyk aﬁparaﬁg bf pgt. a%@ewus@afbh&{&aﬁé ehfge @lecéctmd Kt follows:

Once the aircra | ocation is close to a pl anned

A cyruont diprag s rgseivied  andhis prpergeethiogstherisvith hef prweipes frame in
0 t igital capera t.o. take a_phatograph, .

ou SR e B gt oo PR Gy ol TR PE Dy e

triangolarioh ®loctti BIC hotrhanpadtion block 7@, Rave@abéidn deaipamEbas are

- posjtion and direction azinuth., 20 |n one enbodj nment
perfqrﬁ@dn%\rneagt PhiheyRre fiames dpglpdivg &s Y & 1SQIINatssy anglaehe-x.)

angl&UTACHe FAhRSHAR, LHEhRatichsPr€ BRI dlerdih® c&brdinates of the

navi gation data. After each "Take Picture" command, a
centgurfrewh phptoe Usingntheilgatpasnfittet 52 pliocwt acpia] tréypegeldtion 54, as

direction, ti IS .witten o this file. Each

shovf} i Mrev e T POt e P Frmge 111 ec” ot he
gr 8ubstquédiBY eheaitngdbBor ph@fetdr®ate Bnshariedi 8D FONRHeRftor
are loaded to 25 ground station conputer database.

56 wingh paloulgigs isurfacealbaghts upme e dnafix sompetafigmder FQ-2@ 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.



10

20

25

30

to all ow post processing of data to be based on tine
| ocation and flight data of each inmage. The post

wao booghs41ps ocessi ng of the data foll ows the proeerdireot/000263
outlined in Fig. 2 to stage 42 which provides the
ort hophot o nosai cs, as exphai ned above. 30 The

oS RO B ol %ﬁeregh TPLEE e LRE oy, For

exanhple n6 tcRABROKAINDd daedtéd onvaihginol Batdpfde wificH W®three-dimensional
photographs of the same or at Ieast over | appi ng
changggg de bghfound.i ddeweer.ad Ichangeaint ARBAL ghdechfsudt as Beperson, a

vehx%%{&%ho%&‘%s?éa%ﬁ‘f%p(yﬂﬁ 2004/ 084136 PCT/| L2004/ 000263 18

ect di sappea en an object is mssing or
c hange dondhemtiobjuaittcd thibined flamee agradddd saheeaisting nidsgics,
short. term can easily be spotted. The above- descrlbed
One%ﬁg%ﬁgmﬁwgth%s%@% XFéﬁidetectlon inreal-tine,

NDYidg JQRiRGt § %&Qtwqm the CHOG  deleql iR '@ﬁﬁ% t@nﬁi one

allows themto be distinguished Trom”5 change hat
excepgomr Idustating deteetigerirmd tbethwekte phosessing, photiogy alpxhpresent

frami ey S, 4 AR PED BRROE PBotrare T Rt 1ohefgnnel

MulGiSiERGIR0h IBRLIfic J78éCERMCR ch PhHBWoRRE ErohPthkipBesedl, each odd
which is a sinplified bl ock di agram illustrating

photg gtear thewpseious for Seanuporg Oénoﬁnmrg@no@ﬁ mlhléqjemlanmchlergr%ter
detaiq’_rﬂ)gfo(e\gr AL ac%/ fIfoglr muft pléxe? 6&”@8 %?oce ? agtxr? (fltlel Bynamlc

us conprises a or S orrng a

changé Iﬂlgteetubrmig)ﬂe Qrescﬁtfb@ti @boteVor He%tﬁa@ﬁecﬁﬂohtpﬁéc&@i& exgained in
aer.i al trlangulatlon unit 54, a digital terrain
geaﬁbﬂﬁ?% belohut ati on uni't 56 Tmo |dent|cal units 58 for

O RBAPUREQs nFGNGLAL (P Rig. an neI L %ﬂﬁl‘}?l}fﬂ]'dt cﬁa?rg Mustrating

concat enation, and a da exe
changhi ddteatioar apresatin fbheleteasen oéf shatges bﬁh‘&cge folst emi isocnnd

15 The. apparatus . of Fig..4 . be ed f r ..dynam. .
stereR R e I SV TP 8eq B fiElReePe A il AT afar view,
accofBE€ 1/ Prefttded SmPSNARASEThE PAREREH VMR, IALSHRMAVINGYS. 5, a

frame_ in buffer 50. The two frames are passed through

two-gdpensionalygage filter dp 4s rovided der ¢amparingithg§ust and ensond naee
ry,an ti:.9n~bl

i, 0T AOONA 9072106k, SARARS] SR Fllipenan

mfonnmmbucﬁmn@e(maagy pairs) boadditinat estheedi@enangl dmagdtfiltche/6

sane . CQ e to determn
Com%esoﬁﬁ lﬁg’t”é’?“g;p %ﬂ@ P@éﬁ{‘ Fecé’l“gé%‘@ﬁe BRIGt 8t th@ﬁ??i’ém%@f the
chany®WPaRttek! | tfe 3D RillePrust? tREr dallabIE] ﬁl?&utlhﬁ{ehﬁenaﬁ"'lmage
as shown herein, inproves the stability of
informatight i, the image pairs to identify those of the 2D change candldates 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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Subsequently, the triangulation paraneters are

transferred to DIM generator 56 which cal cul ates
we wotagashei ghts using Z matri x conput ati on f opCT/O-2864/000263

points at 25 each direction within the overlap area

of the two photos. As a regult a DIMis constructed.

Based on the DTI\/Lf\gd camera location data Orthophot Phhe

may T han IBESISGnELINE PRY VSOOI RSUPP Jhilg comparison o
befol¥ gfdetfablintages e dagioahlly BPAlRrRati&Bit hidytule teREEY irFbgnation.

cal cul.ation are at |ow density, so that constructing

t h@sdisnsisH ebove Bgpnnedsionakith gtago and dyreeic orslephgngegfue

e

the dcbge. CMIotien l@Angades id riehé tweedirmsmimabpBdrioesion. Rather the
automatically, so the stereo effect is not disturbed.
two-gymentsisnabanagss obdhy ek and 9ok serepgragisyie feBwaredsawdiny

objeEﬂﬁatd(?Je§ né QW5 iﬁl?ﬁé"%%'f’%fé&g% iﬁ%g{ f]MV@SQﬁ?fnfg%r}e F&%ogram

~~ exanpl e no change w etected on a road,
1s ashmedvol lehmonang hné elidinaeddrondie canli@agdist.s t o be found.

Ho er, a change, in smal I. obj ect ch.as a persan,

O Wi s B0 atisu e & Pmiet Ry Sipliehg hesh ARG an
aligfiRéHE AR ¥ALWIREH PRIdLGof At bF 8iEishaE Lol e rik&iden erhe

exi sting nosaics, one to the right and the second to

comparésongfthat thy dilfers erstyeowti wly opesfiective mhiguhentsiartwovanyd tece
dim%é[z)%rsn Wh‘ﬂ@?ﬂggmal\%ﬁtgh lgteicf ageo)a(ls(s:%)i)et R0 aliélngr?g’ntéﬁltélli/tic%ou grogind S a

ection, prior rocessi

reliaplee@gnbf alitoanaEs alipaheshiaised bhahs adeati iionasfadd poindathat is
.. are transferred to Data Channel 10 Miltiplexer 62, in,
idenyfydng coesponing featuiss in dhe heforbapd @fReyniges Pt Aligning with

eachBtESEA pr b “Qg)dautcﬂnéﬁcgiggﬁtﬂﬁattigﬁ of T%l\’drgyg Jﬁeﬁ:{leg{ﬁz not

pur pose o mpar1 son, W e expl al ne al\)tmer
actualét eirtesparidong feAgirelemfiy berneniddnitallyedenti 6. ttherder oc egdd sigch

th ne, as..i n the am.c change detection_nogde. .
an eyt ane Blc S Lrats poBbRRTEr SRHEF Bbet & ideniries
a firSiXiphale Mestutedlon GheF Bhe HRIRL! ARINEWimbfsibitl REQS BrrkRtor 84

now nmade to Fig. 5, which is a sinplified diagram

then; qaprigst ot oneclimensineal aewserorickiionppalind the ¢arespendinn imgee
foat Rk P e st d,sec ? r
o S5 P IR ORI 35D PR, .
crossudystlatot 84l dayriesi ot aareveise wne-dimenyichah @rdse-carrplagde fiod the
enbodi nent of the present invention. As shown in Fig..
comgPonling iags (RASF IR MEghr™ iPeer 1AES  Pioticads it a
neigROURR! dimdal fRGukd hal bRALHPREARY, LIRS (10 PAEL SrokLeorrelation
_obtain an initial list 72 of change candi dates from

will pojoweiknrensi onal

In the above, alighment 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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information in the inmage pairs. In addition, a
t hree-di nensional image filter 76 conpares 3D

wo ndoang@EBsé on of the first and second i mage pai PGI/HL20447080263
| ocati ons of the change candidates. The 3D filter
uses the availabl e three-djnensional image

[ tion in the i ' tQ | tify t f
and gyl BT RAgS ekl e Se Rt o 4t Do BT Re R LN 1y he
sam¥ QlaHI¥Et ThE r&ERNBea phlUSE Reishtamgmel dA8MMsfinedhich ddngradiBns

information may sinply be shadow changes due to the
betwsiantheightsi aip gikemoatt aze dichpiagbmtsince bl lps harebeegagliminated.

However .such shadow changes are not ac ani ed by any
The SRR S AR BT e et 71 IO Ene st

a radgreGamdivdmbee (@ FRE selhithnBtaehtes [diealteesdtive rhéhod for

the retenti on of change candi dates which do correl ate

provigipg heighalignmenisilodag. § qeifeP30t eahle KRdrdsecorresponding

. rei i : angi |
poirk LS e Eindl I EnERR I EIEIARAFTNY G 1604 e et the
heighstifaess péaibyeactndiedadiets tb bashe samsd fdruhe two DEfNVned that
| ist of change. candi dates which js of . geabl e
any m%%rdeﬁf?fﬁgceamat W‘niﬂﬁwtlﬁ APintg d%ﬁPGg’nf‘TtS}g‘ggﬂﬁégs?é&‘abr?h%‘%e
bet%eﬁ%@kiﬁ%%k%&;&%&fgﬁ%h@@ j udgenment. WO 2004/ 084136

PCT/'1 L2004/ 000 The two-di nensional filter may
usRetwérme isnfiowneadonoi Figi Os wlunpas i & smplifiadhblockediagrem

g T ot PR B, BhbGEBY SFY o frfBbe
orth&SHYRE CThORrMgb et @nhsiis8 8 relIaAos uiRAE8, arNAReS - e ator

to notion of within the scene is preferably filtered
12.0uthe wpistration upiy Maes rasainitial gpeipgsionnattemnt hstwesanbe aerial

n [

phoplp o bl SRR TR0k S BERE SChE PR e Bhe pefprppee
orthbyefons, basadcbnad fisst tispeineogr ans are conpared and any

object that dges not appear in the same position in

o BHOHAITAL DTS %S s%ﬁgtf%wéa&dgﬁaewe@ag% iRty Ptipipg first
corr®p¥hfGicafdaglrt m nated fromthe candidate Iist.

Reference is now nade to Fig. 6, whichis a sinplified

di &ybseanéntlyus regastiatign paramidQerals ichamgedt saynibe agglewd]atignment

roovi.des for alignnent. of.the inmag to.al,l ow )
or R R e Bt B & BENEHBhich "FietPTL Rlen £ UL Yoy pgprdion
atterh§d iy n@ide edaliBR!t to\wefuathérdm@Bboridendeae&aek. tTHe§Rocess is repeated
di mensi ons. Wil st manual alignment is possible, the.
sevegyljtigfiteitd Mg ar regre g durferrameteis|can b gssgiajyognele and height.
) Li X i o Con of i
o e R
wayt renablgf the eligmderafgieng thedgglsest corrdhtiagpnis sgested.h 15 each
other.. A problemwth automatic identificatiaqn of
7 e SF it ef BRAmE(Er e o OF CHEREcdReaRukip o s P HE parameter
is an‘%ﬁrﬁ1€§ﬂfé%gﬁgzaﬁ R ICHEARR IR iPeheaf el yr 4 @Féﬂ”rérfg'e &¢ ten

n order to avoid suc an eventuality, the alignment
degregesi to 8@ the thiegt q@@]elﬂtioumlf therpafaatter is hedgn thiehithe hgght can be
alterieéj %Htsiafyi it 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 1s 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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a first image feature on one of the inmages. A one
di rensi onal cross correlator 84 then carries out
WO nEHa84T8NSi onal cross-correlation to find thePCT/IL2004/000263
correspondi ng i mage 20 feature, on a second of the
inages Once the correspongding feature is found, the
gjﬁs l%g)&vrglle\lga or QAf ﬂ?og{l)artlr%ze}l%u{)tmgﬁt {y?s}(/el[ﬁrsslg éhat whereas human
USCI§ Qhf &RRARE NBstabRIBathRBtad Mt beinkisiHallb o hideSds i fts, say
feature. The idea is that if a neighboring simlar
plant gwtariabohaselidencasmenie sigsiopeighp sushas hely éyehogee unstable as
correl,ation | b
stabgeI ?ea s fo1 l[hls aépogn tjhhen gng%flg\@&l( ]g:m%gijnﬂmg] %eugsgalde a feature

clasﬁﬁer to h@v@/gbmt liden€ifig@fonf OReftmcess hov ha@ntad Figcatld evhich
of change in the volune information it 1is necessary
showy acelpssiiererl 141 i ghaveifier b (ks paggestedf tig paInjofTgRRa tie” point

BT TP Bl PO ST S TECHE AR oy v

on the besin of dnege renwgmumnghm/érthg lfemg;re iis rategizededa ivahicle it is
relation t and the oth 30 i
clasifigd b nys SuDif if sdesnenires ot & Dppdipgin il tianedat agle

Col®CinMrfhatibA nfdyhe vsed! thGs GFe@hdidmiyehe alallifiRAR $hspbfe WhEWas
as starting points.” Oten thé Hheight information

greys omtiiaing DOCksi e AredviotiBeatimgr oardh, Ay Fheg clagsifind as stable.

.© arran me i.avol vi ng two Iom1 ss filters
SonElc dhOeknistir RS H e stmEfmb Aab MR a8 B atits i ghus
rathBCTﬁdd_Zx@%/ @oeags reddgifién anétho@| aSHiBér BiayUBk tuse8Cledich

t he averages over the before and after DTMs to t he

conigibiing 40 aestablify el Fhpe Singl getpl O%fheﬁed@hfnaw thejhkgl used to
Clasg% 'o%llé@? hscgelﬁg g@ﬁl{e a?lﬁq}%rei%ﬁt %ﬁgle %'aq oelﬁtt, opulgs,'té{)?@and

are neani since a I as
thusalnsnitatdt.ed. The vol une i nfornation and the changes

t herein, e AC i nforpation.. ence is n
B B T SIS OF ST i k6 R PTE PROHGERS
and 8¢ theR V4 @waada%g Rhd & tediiRMhe ndwh pﬁétegraﬁhs @vetr IR old ones
poi nt identifier 2 finds correspondi ng points

beappignindibatdhn uevd abetogrinhy eﬂapjcham cenAakesi fgom afdiffenegt angle
or at&nlj]feférteﬁ'tgaz}%%lpﬁ nrS §1?(§)€% gseflﬁeie}ﬁnetrll plgt; o 1El%r?srett9 ST ﬁfZW %lslc?togrtaphs

are (tybmally processed ghfit etitd foﬁth&;bl&ﬁosl\ildrhle@ flohetht ipBioPphdlbSraplss.
soI attriputable to actual change 10 between the
t akﬁ g0\6=ra1{ AEn m?c?ﬂﬂa@geaeﬁgcthneﬁesoe geti chapggy hriyeen gairs of

1maé:ésgof e sihé @gétstaFm?‘ hi @ kfefen® ndeb QR4 t‘gf%g‘r qg% detected changes

lustrating an alignnent arrangenent ignin
to pmdet:@gfmph setwiftchargges dat irerhodes at rchimggeh of signifivence and as little

B S RTINS
due itdiiflidnati6d ivafisddds omdaditferptesOmt Magsws. NEnc@Bibhieto 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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15 phot ograph, or nore typically a reduced version of
t he photograph and the reference orthophoto, based on
wW@200408413¢ i € poi nt. Subsequently a first croSSPCT/IL2004/000263
correlation is made between the two to obtain a first
correspondence measure. Sufysequently a registration

h t h I
com%enstaggg ﬁ%rl bdlr%h ne%ggdﬂ}ﬁtlﬁkﬁ ggrpp]orgl tf %‘8{%0,0@%5‘3}% coﬁ)rs can
be cdhiparadt . ColbeRormdliditdiers f6NOSsd bR pyRhAd igeRera@d, @5 Blentidned

made | eading to a further correspondence neasure. The
aboysy, owhis ip gn opeEbipB darTisdvalt Hh the mesylt ca”rﬁ@lpmmpwngwﬁnee:unent

1ma%ésfofnﬁ¥1g F(L:tfelxﬁgéea og)‘;lgtog neerr@e(?:j %ﬁ%the %/%Vé ug dmgget's ernatel y

or R@ﬂlew&fot pyrabhi@ gehdrafiomrihée @ny f@tlrerexieion sthgahd Ywhich
the_ali nnent iving the highest correlation is
colag énfézﬁxeae fgrmygonHe GetFactssh isom tleg befare ppd @figmimages. These are
low?@@é"ﬁﬁgreétaﬁ@‘@ ?fereﬁ@é"?m%é fsnﬁerp@&ﬂgﬁg@rbasdds Hgl tgxt'ilﬁtegnd
he angl e can anged say I n oné degree s eps over
coloa itfotradtionaniige diffeteeces alegluetSed wsifid otlet heailblds information, in
correl ati.on. f th rameter is hejght then the
partfegleg i RdiRE elum VERBRUPR. S5 Ibribe saftes SpiepyaHdaied or
,nwﬂﬁgggapgmgég%ﬂgneg“gﬁhggs until the best ~correlation
found. For inproved accuracy the entire process can
be Rreé@remeelel nﬁWrbra:ﬂyaoa@eto&m@l 12¢ Ithmﬂl 1anc$1mplﬁmdd>lf>dud1tagram

gven reat r, accur SSi
‘”“Sﬁmﬁ‘g R 388?%‘9“?3 L1 Ene c?yBE‘Bh F g i“?ﬁi@ﬁatﬂ% Qli“’gd Tor
exclud@gRRdVihS objettstthem GRNtQHP&isoBL The ﬂ%ﬁr‘éﬁ? Qischfed WPthis point
DTMs, then this is an indication that the alignnment
becquge gruss grp-ginpansiopal iDrYebar DB4 SenIROTeN-LBubie/ DD eaEE ise
f
imadZedfinrfOEY HER AR AhGRR ol INIE e RYGLEME afier
imagesatllee srthephonds dzfehoﬂgthe Uiefabhed &fter imagesase buiéerpcd)lmflf’st and

say .plant mat qr, .a vehic).e, ers are
Secoagrf’éﬂlgpﬁ RV q?? apgl lééf‘ymg SVprREa e capiees Detvesn aBfaur
of thefbd!iRgenkPhal fhage erp@v%ﬁjate-ﬁhi% Rnfafiksie dnie 1o di 'T'Tﬁ@ﬂ block
thus add a feature 5 classifier to the tie point

minjngre tunit 12§ tfingls wikef ef dadeur @nmmsmvma ﬁmgmum) Im‘wqahss
ﬁlteftfgmhe% (fea ?%o thr%slioH'er 139I h ge%{l esltéf; %T@e d mlmmum

nts e p0|n

com@tntlsmipt $eloor ik aAgssHoyd. thﬁﬁhﬁ(ﬂcza&ya Wayin kfztobfe%ﬂrather than a static
I mage

sification may _be on the basis o
Obleﬁle&f%'gﬁ#« basophanged;s lealthe mephelpgy jfdtef é@B@YﬁSzlwsea@s avill be
expMBREGLRW. I 1s classified as unstable, but if it is
recogni zed as a building then it is classified as
st dbl e fHlloGMgr filterirgr matdrdmgnay thauresed, udddutn a preferred
nst abl e whereas grey,

ree be cl assif.ied
emb% %‘EP?W@ ‘?f'SRts‘nV?ﬂt‘OBr‘%aHC‘fsﬁ ‘cating earth, may be
C| agei tbk@ehl a8atdtc@Nls8d 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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Sonetimes recognition may be definitive, sonetines it
may be tentative, and thus rather than using a single

WO e@agsdiBé on nmet hod, a nunber may be used, eacPCT/IL2004/000263

contributing to a stability index. The final total of
the i ndex may then be usedsto 15 classify the object

as-bei ng st abl d.th f it t e POi

or THretomeodich & bt it Sl G 3o [ Gk
Den®ing tBgh&kksaby on of inmages is to take the prior

phot ographs and use themas a reference set, and to

r e3¢ £0.1.he ;ew phot ogr aphs over the ol d ones

bearing in mnd that the new photographs may have been

taken froma different angle 20 or a different

altitude on under differemtO+ighting cohdtilons etc.
The new photographs. are typically processed to fit
on?BU5lthoghbt ds a@}kﬁ%g_ﬁfﬁnﬁthéxﬁgﬁ%§*%h§fbgraphs.
The overal{ jaym of changejdgtiection is {oydgtect
changes between pairs of I mages of the sane target,

t akmhsaon.di fferent times and to refine the detected

ch es rodu a final .set of changes that
iniﬂgagﬁkgﬁﬂﬁéﬂé §gmaliZalioh i cance and as little 25
as possible of insignificant changes. The algorithmis

thus designed to ignore changes due to illum nation
valetl pahS berrdpadi ¢fregisigeadOnthppdiatedisigees.- The i nput to
th ct. op Lon
of TEFERRE BRSEHAT. 2R BrUBdonFhHRES: B B AR e
and perepdctiverahskt abl y regi stered over the orthophoto. For
registration, the conbjned data.is, anau¥zed usi ng the
ti EepBT AMP BN b A brighinessaioryalizadiop sastfigienhoi nt s 30
fo ] t: [ t wo
B b S R S SN
period and the second period respectively. A flow
chart for the change detjection process is shown in
Fig. 1 nech-pagi rp |y Ayvpriacesg. eiggol or
nokgglﬁggp?oﬁ{ Col 6r Ag{, ‘izéﬂ?ﬁn i g digcussed

al gebrai cally bel ow but invol ves WO 2004/ 084136
PCNowL 263eDaf 26Rr fARriagnpetheakilled geosonbwillght mess, andr is

ik enporal . effects. on the color so that colors c
typl%&ygﬁ_ﬁﬁp'are@ah p'és{ ¥ g MREGR AR SHE lmxéiﬁ? giFen and blue
(R, BY B§NhEhefeRCHALIORT fASITRIHY #TSbr IBRRYFeatWRicEH bl SaRMated

operation carried out on the result of sggerlnp05|ng
bs bwhore rmdraffesrimages ardo

for ¢deespendimgnpixels

st age
extﬁagiﬂ ‘

| ow pass filtered and a difference inage is then
conmput ed based on the texture and color information.

The i KelseAE BSe BERNChRSShhA A &SI PRl R e AYRE, abl e

infornmation, in

phde esformula as

r

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

i 1
R’, G , B -values of primary colors for the test or after image;

Sr= JR*+G*+B®

2 2 2
gi= \/R, +G, + 8B, .
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particul ar including volune information. Finally the
changes are either validated or 10 invalidated as
wheingsdsgni fi cant changes. Reference i s now bpeEfl2904/000263
made to Fig. 12, which is a sinplified block diagram
illustrating an apparatus jor carrying out dynamc
change identification, that is for excluding noving
obj ects fromthe conparison. The figure is discussed

at Feltufe Plk&tion, RE &R SlerbhicelSasa ttwiudi f@NSE 9N plesent, may be
information in its conmparison. In Fig. 12, a pairw se

perfmnqdwﬁgee\@@m«at aseortp® £9 @sbcrryomwéhe%eagw ecyHbindHeepixel
v1cm1|t']% ;ﬁlng%no g e};tr)]lgoe%baﬁlflr%r}?lsacq uthdfds dfoh ges. Then

t'he "before an ter imges are
buffered in first and second orthophoto units 122 and
124 and two-di nensi onal changes between all four of

t eyt e pnaty)i MmEes: apvesayat ed in conparison
uni t 1ZéﬁtThg§Ba bl chq n1A?nun1unJ¥ 128 finds which

of the four conparisons gives a mninum Low pass 20
filter then | eads to t-hreshol der 132 which
exeﬂﬁﬂ%éF&ﬁQaEWEﬁaéaF?“fﬁ@“ﬁf%%nun1 conparison is
belipwet Viguet 68 BSOP R culfehs pixBHiscAbRSthén ARPEdIGeDir@hbld, the
rather than a static object which has changed.

textymah fgafugesqarawsgsh df Bigyvatuel afdd 1y eppihes theothsesholds thgj qojorp gatio
[ w. Inthe following, filtering according
f@ﬁ@%?%%x@%?g@&%@ used in a preferred 25 enbodi nent of
t heahrudamntofithy faturenis ipsrfdinsaliss the orfghﬁl ireagdeuniad on replicas

f eat h db d
of Ry GDithed ] JeGREACOSNT) HEIors R %apﬁ Vavmf by 1@33\?@&0&@@
for 80 %ﬂr@e‘{e}oﬂ%n&ﬁs AN s g\%tf‘l}gl Er?é olted, ahd a6

Spot s 084136 PCT/IL2 04/ 000263 24
ThéosdtéhgpﬂdHUUﬂs Mbdﬁa(DENﬁfcmhgsauvecimnébnmyl@a each

changgg%iéaousfmg {‘?e&e@ékf W AY %‘il?lgg fo%ptﬁtgﬁonmwg _;M){ldesz{h& bﬁSlS for
usm@’[fllrgﬁt fard {bl0me iMBARS v s vhliddtor fo? HetedRd changed. and so

n'The classification regarding the presence of change is performed as follows.
An initially formed feature matrix is smoothed using a Gaussian filter having a default
sigma value of 10. The filtered image is thresholded, and a relaxation process refines
the thresholding. The result of this process is a binary image, where the value 1 in the
image indicates the presence of a change between the images in the corresponding
pixel, and the value O indicates 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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The mask M30 is used for normalization. 10 Let F and
G be a pair of registered Orthophoto i mages. Let FMB]
wa@ew4@BBpe j=0, 1, ..., 8 be the convol uti on OPCT/2004/000263
respective image and the respective mask. Let B=
FI\/BO/ GVBO be a brightness,snormalization coefficient.

Wdeflne relatlve chn a e, in
e s RN ifieter deteggiag” in |ih BOMATESaN 5 e "(’“%ﬁ%‘?é‘ding
perpendlicE¥BditedBoh, ) Cl= J_1 /=1 Now consi dering coI or
filtering, as the skilled person will be aware, color

i s ﬂﬁmcearalg/ntﬁme@egme@ach pi xel of a digital inmge a

tr| pl |1
AT L S gyt o T SRR mace
obJeEe;ature can be cal cul ated for correspondi ng pixels in

the before and after images a%cordln ﬁaforrmla
i olBeferenceas npw made to Fig. 13, which is a simplified flow chart 1llustrating

an e&ﬁoh%erﬁok ﬁxe)ﬁ%is%%é%%pbéﬁ éﬁfé%"’(@ﬁh@ﬁlagb f r$ds) the dg§1mant edge

ere: -scal e coetti ci or conmpatibility wt
diretteo«t uEdpe dettiore s, carrieRont psi@g ra CaBy- &c@euﬁeo&cﬁr rhmﬁormat}on
.ors fo the reference. or pri,or i
aboStAifesian gF sty RIS TRBRG o SFS EepERe) alfriauntizalin for
m@%ﬁﬂ? B2 dReétion’ histograr® &F 2het @dgest Bafler\VOW GA4¢ Qﬂﬂeﬁ%@ of the
CT/TL2004/ 000263 = 25 Feature Sel ection, or the

histpgramr baclreethen that cexespoads f@ﬁmuhletog@npmsemm beggmereclear

r{or of. eve cording to a honmpgeneity
andr%%%fs),e ?eg%\gvlthte({o l{uhnt)édg & ecu\?lgm nity. The honobgeneity

rreasumethbi dn‘c’ctﬁkﬁi Bisto’ghﬁﬁi, @8 ﬁeﬁidnﬂibﬁlar 5dg'Fﬂ&Xct{o|nFrMh31ﬂso be
38 1,1 GV 3 Bl ). V\,hereallth

GM 3" *BJ.
deﬁp%ﬂr anthedpeal awnagmd@ﬁ the dustogsaiein th? regien. whifted with FfF%IaBjr to
the {kﬂ.gm%lrerdgghlrpé%%lb};ﬁ) d‘g%;&s; hen a specified threshold,

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 result 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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10 textural features are used. If the value of His

| ess than the threshold, the colors ratio features
wae®408a66 | nst ead. Cal cul ati on of the featuresP@BIL2004/000263

performed on the original inmge, and on replicas of

the inage obtained by decijyyation with factors of 1.5

and 2. The I_eat res corrputlled. {yor h? three di  nal
prelyrgwgni¢hagae listy e PERIRES) 1§ tpécfihéﬁl YL §incg fyyo-dimensiona
info%gﬁﬁg%iud%échﬁ’ﬁ‘g%ls dak abtsdhdohey hd thdhre! 100TMhnges are then

C

onputation is perforned for each changed area using
passedehfoeglyaseriesar filtorsu s, ddhpod 462.0ms veneh gioinage shariges due
basis for .using height .ﬁnd vol l&l‘le inﬁ.orﬁm%ti og as & . 1o
o PGVFRgHto st AS JRPEEE e SN QUE. VR SMENATES CHpIIESH due
misIRAMCHERE SMNEREFSRINGE oBfechamPehd FinREbAOWRREh 8Ses the now
follows. An initially forped feature matrix is
refimedplist o€ dhangehty eonGars 9ithyohime formmiipag The dapldist of clppges
. _Si al,ue of 10. Id d .15t -
s e 2 Phasme bl St b REMIRES i s oA RS hion

Ther @St tor Gbluntd Baspd dilteitg ipseferablyriaclydésmgent thbewe nidigods for
value 1 in the  inage indicates the presence of a
equalpzng diseispolisicippoVenages in the correspondi ng pi xel ,

and the yaldacOid A GRARS ! 13%: 15NGRRR 1S anﬁm‘f)n Q@S}tow chart

After that, norphology operations are carrred o on
illu:tthm'ngitharepipiotmgegtiﬁlélaﬁomipmoteﬁs.t fve '&2. olfe k gtaiirons fdagir¢s0 o2 Fhe

reduce .noi se. Noi s or exapple be.i.n.the formo
befiai AEp P bty B PORAl s Miellhecqrapyar and
therPRIoBE ldfineRidBN e /B8 rflPhiRA isfchtrie@lowd FOINPEndIEREIrt @ the other.

det ect nman-nmade objects within the regions that have

Aftgrmerdsoasegondems-dilgsoral stpsasonpatigess. careday ibghe opposite
TN e 905 PG SRR RS Ll b s
andpai@h b peddeatmired ehloshondi ake/ the itwe Scatiires pepeadi cotr@ponding.
Usi ng the above assunptions, _ man-nmade obj'I ect
det ect i SREIREPCHAS OV dRaisdtadig of fonduch. Hiyshateper range of

ooERER ARS8 S oL, NRACREBEISES g sy oo

applcationa it byamdmehs odbrustiyp andiithmg thegeagherdiberdimean be applied to
di.rection, .-Detect straight-line.segnepts, .-Classify . .
any Sl iy AHS Mo b1 B P E SR TRyt H b hi
confPiéiientry FRjhesit ®-enRafcechAGR defecfion made to Fig. 13,
which is a sinplified flow chart illustrating an

embodi neRiretlyt kentapplatedd apphicasiods proseegs . thiee jcatggories, a
milﬂr?gl%cér{n'apﬁar}cg ecage%g}}r] az{]tci\ﬁg Qfiforcement 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 (IED) 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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direction. Edge detection is carried out using a Canny
edge detector. Information about direction of every
wedge/ogdiesrent fromthis detector is used afterPCT/IL2004/000263
quanti zation for 10 computing a direction histogram of
the edges. After |low pass filtering of the histogram
the direction that correspgdnds to the hi st ogram
the iraee Rl do e samiadarut A Bl d hsw ma T a@els Feanly 2
shor?g%% b%gorgﬁfeé)a?fol Eaa&t]ns tpeelogﬁtf(ﬁlm i on histogram the
irection may al so be defined as

t h@n hl&cablcrmmwmmfapph@ubn,sbmgh@m dnd lhieugeaqi g@nelal can be
shifted with regard to nt edge dl{ ian

mowre@ﬁo Gheese 0 bpafimeagén i’ét%%ﬁcf 0 fhat dguieigipal aithorities
mayf ei%ﬁt fhgn&laL 6% g?:g ﬁﬁits%n' SLM"’UH@%HamgeE‘ @n be

OW ng st pr ess every edge direction
indieatekpy codloe chzexgas r Edr oneple e applica®ol dantindicdie ﬂaityt field has

[ es, are obtai ned. These .are e wher
beers{ i [N £ Prhar S RERE D drort T DA Cegb g caed
The'a&BBH@atMGJaﬁ HSR06S A LmRicHaY piafs tiEcatid® (RE1REN ShaPe@ The
direction. For detection of straight-line segnents we

photegrphh earHotigsed e amstior phanghs Uhlané usafmpithepurpose ofergarscting
om nant nd endi cul ar directions
tand uéﬁgi?%‘ﬁtnﬁﬁ}t su%@gy P%HB?’HS eo\feeF{y I%ge pi xel as bel ongi ng
t 0 [stth@iopbiatibhdl econ@@mentegoryf ofdadizdiisAsaNBEsD NSRS have an
line after Hough Transform and the current pixel is
effegtoary tfteh@ndqcapﬁ xselph apgpangagisminerp pnd guarke OpRrAgES, can use the

applidaBAL £f ottt i LOR NRnQPERh el e pinary | mages

respec alning str i ne segnents in the
mailnisyexderedtiat dandg: thhéife of ﬁﬁmﬁﬂ nguyperepandin«aging rdevices

dlreCt|0 fere ce.i.s now e to Fj
and $YUERS R s RAPGRTLind (e RoPa] e rnahdsisy apTicplagy ol ghe
ternfAC ARt #Y atrfa &nﬁ%ﬁfgrs{ﬁf&rﬁﬂbﬁdirﬁﬁﬂkdofo tiRQui e3ehch new
i nventi on. two stereo | mages are

techpplogtes aAerOrlr angul ation unit 140 carries out

& R o Bfbels” g S i SR AL e ST e Hescll ipveption

willVigscsine ngpparfent e ohérmgdisarilBedkiliedl mntheadrt epomsahﬁﬁnaﬁ ®f the
then constructed in stage 144 and in sta (ge 146 th
follqwige g ABRISH-oMBIch AT BRtatenas! fosbadmiingo 4 V?@@y&e% of the

varlg&oéﬁgﬁﬂ%%ﬁts %%/ a%fx%@@éf &Q%@S%nt gl?/em(ﬂ éfqlaﬁl'eﬁ(te&‘ !E@H:%bove

[1st. The prelimhnary list I's typica arge since
and t asoclimehsi othel clainmsf seati@ni bﬂownﬁhdlsj@xpﬂhaﬂgels sappertt m the
foll shadows alnd the like. The changes are then passed
° ?‘ngﬁé?fngegerl es of filters, 148, 150 and 152, one

whire iy giprdvidied amt ehang &Batiee of ttRe IR twhish R, 3§ clarity,
nmovi ng vehicl es, one which elim nates changes due to
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



5 msidentification of correspondi ng objects, and the
final one which uses the now refined Iist of changes

wWo 000a08q136 € Wi th vol une information. The fi nal p¢T/HI2006000263

changes is restricted to those changes that
correspond to changes in gbe volune infornation The
r vo [teri t&ﬁ rab

[ h
mengﬁ | ﬁ eSPFQ\'gicﬁté({nhareq‘e ein mcoapuail £d, i ng egl %r%hétg%a re?erence

into figy %e@iﬂ%@ﬁ@n td QhdRedred extemt dsSif RO MAGEdEL pobPeatibh, phiékior
s a S|an|f|ed flow chart illustrating the epipolar

patenteepplfqa@@m iveas ppesdisaly and imdiyidupdly sindigatedoo bednenperated

hereg* b¥ égﬁere?lgfgorlg al%ﬁlq]to a%‘?{}xo(r:lgag%% 1ceat1§f'? l tnﬁq’efe-m%e qﬁ this

appl Batiem ShaNadt b%r@%&nwdrarseinaddlnﬁsmrstlﬂaslrdhadfewiceflg evailabe as
feature to the other. Afterwards a second

priopb L FrBFSERHAYeNEPBss correl ation is carried out in
the opposite 15 direction. Only if the reverse
cross-correl ation successfully identifies the first
feature and passes a predeterm ned threshold, are the
two features accepted as corresponding. Reference is
now made to Fig. 16, which illustrates a range of
applications for the present invention. It will be
appreciated that the present list of applications is
by no neans exhaustive and that the teachings herein
can be applied to 20 any circunstance in which two
and three dinmensional information can be used in
conpl enentary fashion to enhance change detection.
Currently contenpl ated applications cone in three
categories, a mlitary reconnai ssance category, a
civic enforcenment category and a operational contro
category. Starting with the mlitary reconnai ssance
category and the use of 25 three-di nmensional change to
reduce the suspected changes can save the resources of
intelligence anal ysts, allow ng greater areas to be
surveyed. A specific application is inprovised
expl osi ve device (I1ED) detection. |IEDs such as
roadsi de bonbs can cause a |arge anmobunt of damage to
passing patrols. The present enbodi nents allow a road
to be surveyed regularly and for suspicious itens of
the right size to be automatically 30 detected. In
the ] ED Detection application, a survey is nmade 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 WD
2004/ 084136 PCT/1L2004/ 000263 28 the inmage anal ysis
to be carried out nore quickly. There nmay for exanple
be only a



short tinme before the patrol reaches the location. In
the civic enforcenent application, buildings and | and
wais@4ioseigener al can be nonitored. Changes to bai/idoeug®0263
can be detected so that the nunicipal authorities 5
may check the changes agaispst pl anning perm ssion.
La n be indicated by col or changes.
Foﬁgg§§ﬁgﬁ2§§ﬁgﬁggglication can indicate that a field
has been changed into a car park, or that a certain

area of |and is no | onger bei irri ed.  The
apphi cafiBRgcS oW PRRBHSCET Aelfs g hat gt et veen first and
secdgggsg&t@%sbﬁ%% tged BliRSIbI&NANFeSiffelne inRBAF AGK B8RS B9 iR ar

itor changes in |and use for the purpoSe of
vieve,ahe¢ ggiaratgs cobfprisengd use dependent subsi dy paynments for

le. In.the. i onal trol..cat . .
or GanP AT BTN JetrTor sorag asa R and dregpis
to obBNFSCIARR liStUARhASccQRAMAARS MEhNEFoSdialtdsidhaliitbrmation in said

_ operators, can use the applications to nonitor and
imagopairsodnd heir own activities. It is expected that

duri the |i.fe.of thi te [ vant j [

oo BB M5l Spebl RO < TR f 5008, o TR S e
secdiOp@a@f palte dteksid Biemngk Neanddatdsc ubiag | Yr@f dibfe@siohAlr iage
~_"canera" and "imaging systeni, is intended to inc|ude
infogmptien dp sAWMage daHsItoglew ehapes sandidatgrgsqrrebaitng with three-
dimQPsli&&ﬁ %a&dw 968 andNd r Qyteéhaﬁgétéﬁd?&té%gn& NS rRIBRE With

nvention W ecome apparent to one ordinarily
thresddihémsibnah imhge arformgem, ekaabynad ipooduoé d hdfine@dist of change

%ﬁllomﬁng exanpl es, which are not intended to be
canqidaftesi ng. Additionally, each of the various

enbodi nents and aspects of the present invention as

del i neated herei nabove and as clained in the clains

secki on Avraovns dqsdelie peelpine bt whersinmptsk thrgepdimigasional image
faollown amples, 1t is appreciated that certain
ey g e MIARF ECHAFTG abves Sl ROER b el s ol i and
secSHRISIATap® palrd, fhekdls 16 @btati thred-disepaioailehengrodiformation, siety that

al so be provided in conbination in a sin

|l e
saido FRSY NG, ST FGIEFERS yS OPahE RASIST %famOé@lagmtwgh said three
dimeN&M tRee ivBiARiAr e, for brevity, described in the
context of a S|ngle enbodi nent, may al so be provided
separately or in any suitabl e subconbinati on. Although
the i nventi on has .been described.in conjunction.wt
speki 1 CNagge deSThana s apeding o et ); qufgreifipad two
dimBRYnRidBimalon I e8oloNREdridagahi ons and variations wl|
be apparent to those skilled in the art. Accordingly,
it is intended to enbrace all such alternatives,
nodj fi caty on .varj at | & fal l_ W thj e
oot t SRS SRR RN BelBhe @ laihd T MIeklisgid two-
dimpusibnat atfomsionpateanirs irdotngdi@hent appl i cati ons

S. 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.
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specification are herein incorporated in their
weniotnetiye by reference into the specificati onpCT/AL206w2000263

same extent as if each individual publication, patent

or patent application was;specifically and

i ndi vi dyg| t 0 [

DALYk DGR Sk PR AR RPLALE, AIRNE e
an atipymest§ @fiefoe alipiming hespebtiapgies editshidninmbes fo diw hkering, said

. construed as an adm ssion that such reference IS
alignppent|ugl) ompsising a &g Pyt wpp ferjdentitwag ginstimage ifepture\Rp one

of 5%9 %@e@ %rgfuf) it b2 00442892630 s’spor}é&'ﬁl nhe kA MRS ado%dmg

etection apparatus tection of changes
imagrefeamea oﬁ lar storahalf sasd onages sihdrtbosdapg @ revaxgeopadingnsional

obtained at different times .of a substant. gl l imlar
crosgicaife! aE“l’féaf gk GSTOBAPT TSI THES RS- ﬁaﬁ %‘h?lm 1mage
feath @RI hrétnaa d RLnPOARALLA goﬁéslp@n(ﬁth $ha@"RaRRC A lhBRGRd

palrs to ob %aln an initial list of change candr%ates

for Eflrgnmg Gmiy ofi srmhﬁrsr; iadeei featoramtsieresifinlls &uad byrmagbreperse gne-

dim& a & nS|onaI image filter for conparing at
PE%§?’8R% %F“% 4% first and second inage pairs at

sai d change candi dates using three-dinensional inmage
information in said inmage pairs to retain chan

carfdi datedgnebrd of aviamatis elngn detection rb@ﬁgqean%ﬁrlgrrnagb later
1ma égfoq{z{@c h%%%?ctgntl&o rcﬁrjn@ﬁ: o&?%ﬂ@ﬁu@f‘ﬁﬂﬁ&%ﬁa c?a% is avallable

orre hr ee- di nensi onal 1 nmage 1 nfor mat
themmemébym@nmpgoduce a refined |ist of change

candi dat es. arat us .acc to ¢

carhlaPEan 4 iSRG At beilg Ghaneer Sl pa0 BB G
andconpare three di nensional information in both said

first and second imge Palrs, thereby to obtain

t hreéen@htmenﬁpmnaaldchatr@e stnthoserevandidate sehangeshathichs gliodnot

Conégta to? aﬂgwsaogﬂc &% tlng is on the basis of a
gorT %Ia Fon W tH Saj Pee di nensi onal change

i nformati on. 3. Change detection apparatus according
to cIa|n11 wherein said two dinmensional jnformtion

i s 8ol oﬂhaﬁgeéﬁaqtroarﬁpparauehfah gefeetnerfishapeca hshvesn fast and
seco%ﬁ%%r%s@&p& Qmﬁé@bmslobtﬁim% &f &fi%?éng iR or di sﬁﬁﬁ%ﬁtﬁﬂ?l similar

information i s texture I nformation.
view, the apparatus comprising:

a comparator for comparing at least candidate portions of each one of said
first stereoscopic image pair at least with corresponding candidate portions of each
one of said second stereoscopic image pair to obtain four measures of change thereat,

a thresholder for eliminating ones of said at least candidate portions of said
image from a list of changes based on a lowest one of said four measures, thereby to

refine said candidate list of changes.

9. A change detection method for detection of changes between first and
second stereoscopic image pairs obtained at different times of a substantially similar

view, the method comprising:



5. Change detection apparatus according to claiml1,
further conprising a novenent elimnation filter
w@oasegtiedd prior to said three-di nensional i mERET/IL2004/000263
filter, said noverment filter conprising a
t wo- di nensi onal conpar at or;>f or conparing change
gla:’]c%‘i—rﬁgéhggs SE getra\é\tg(gﬁg@gge?ﬁgmggs %f egc}f Qﬁeggf Qzﬂh rf?rstt ﬁereosooplc
1ma£@}5&iﬁﬁmeast\/¢@t129&ﬁdsﬁ(&4ﬁﬁ§czRﬁTddté_ﬂ@x@éh@Gﬂ&ﬁB onB l)f Gald second
Change detection_ apparatus according to claim1,
stergageqriie FmegsrsT ioRE!N tT BICAHHRER charga theishl ard gni ng
r es ecltie%tmg Jnagse Qaﬁd §tql3§jst bm I’)Qrtl@M Qw\éafd fntm%r 'fﬂ)g? a list of
nent unit conprising a tie point Unit
chaﬁg@@ Mhaéddydnngloavebi aretofisniigfeuf mabures, dreraiyao rcdfneSsalcﬁcandldate
i mages, carrying out one-dinmensional cross-correlation
list pfetrpgRs- a corresponding inage feature on a second of
said i mages and then doing a reverse one-di nensi ona
cross-correlation from said correspondi ng i mage
feature to find said first inage feature said first

e f ture and, sai d correspondi I.ma ture
be 06 Bt GRS DR Ralid O KR mpyghed
bet&&atﬂ&%@ad@s&maeeswobm hEB aby, tﬁ@hrﬂag’eef/a@l’fs%mgn(%‘tamed at
di mensi onal cross-correlation. 7. A nethod of

differgnidimes of acﬂlﬂéﬁgetlzﬂletsentlardﬂe\b,ethmewretw toreprisapgd | at er
I n%gterﬁt 1ma§? f%ag rrg: Ff(bcam%rel tfn\gos_al fngtufc'e 1 sg g f':_lrg]tdlmtahr .ee

di mensi on IS avai conprﬁs I ng:

Obta&bd’él digieAdional bltdsaborkdlabr folr c@@mg d)at eoﬁdaah@esloﬁﬁleearch
t wo- di nensi onal data, and elimnating fromsaid
tOﬁPﬁﬁﬁW&P“FF@PS@ﬁégeméaﬁﬁgﬂate changes which do not

cory r%§8‘99gor}é?at5pfo? %m?% r%gsféé?ﬁ‘l%! in %Q@ 8&%nd n%a%qukafggmng

detection apparat us etection o change t ween
ponﬁmnésaaddngﬁesaﬂdéaUEﬁeedddbhdHMgagmdpalrs obt ai ned at

dlffe i mes ubstantla mlar .view,

apgaY Aidgor i%ﬁsfﬁp ngel glaéﬂwmf i feafur%wmeﬁandafnage
leads @@ §did Feunete GRbAd Bedt iihes of each one of said first

stereoscopic inmage pair at least with correspondi ng

candi date portions of each one of said second

st gf,€0s -paj r .t 1
charge tagpga PRERATLER (BPLAISLPHE FaRRR BEEHA begveen
firstsaiddseadnd ﬁmbsmpmﬁhﬁgé @aipgrthé onsgeopaisdiethg dtmaged atr diffesent

l'i st OE cha“& ased o E a Io st one of said four
timggeol o bstantallg SEBar dewths MEtosHOmAEaRg dat e |i st of
ChapgRSig a feature in said first image,
carrying out a one-dimensional search to find said feature in said second
image,
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, and
accepting said match only if said feature in said second image leads to said

feature in said first image..

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

comprise cross-correlating.



9. A change detection nethod for detection of changes
between first and second stereoscopic inage pairs
wobdoaiosass at di fferent tinmes of a substanti al | pCHIIZN042000263
view, the nethod conprising: WO 2004/ 084136
PCT/ 1 L2004/ 000263 32 conpagring at | east candi date
POT 1 0N, @fecClfin QRS ShardR flickid: Shic 14880860 BMeed mRIE
pair at |east wth correspondi ng candi date portions of
betwean h fostestaaéossapid imegopur arslt esceastapieoscopmgmagapair, the
obtai n four neasures of change thereat, and
APPEMPHEEPIHBE ones of said at | east candidate portions
of \%@%lgnfn obdsQ8P Br hlosdssRie saNB8AER sb@Rdm@BesAo produce
| onest one "of said four nmeasures, thereby to refine
a candidate tiatnali dbavges; | i st of changes. 10. Epi pol ar

val i dation appar,atus for validation of f.eatures .

b gl e Rt i HeRleh ob SR B reapise
A, a 1R ahdBe&oRA digGtaP Ry At ABEAIrapdctalely 6l dt I@kEsitions

inmes of a substantially simlar view the apparatus

indieatebim; sgidrgndigatei liss of ¢henges frem three-dirsenstaspl infrrmagenin ¢agh

Sﬁﬂéﬂ%gﬂégﬁkure in said first image, a one dinensiona
cross correlator for carrying out a one-di nmensi ona
seartizhunit for fihdidg sairespbadihy peintseat shid pesitichsi ana ger, tyg

..reverse corre|ator for ysing said feature in said

said pepghet thersaec baiehis & spid Nrgangiscand digfaSleERRAPHS: f or
sai gy A NrigAd flatldg withih TRE Gic RIS & JRhihdRCRInOh
accetpr)ta?%lg{é)gf% ﬁa&tﬁc hator% I ylhln1tl lg?ai 13 p?ea% ﬁ)r e iln sal d gf69 At

do neesimvdup anlgeghtldeffcsndes bstvedn Sadtfirsteanid saidaecbrididigital terrain

' 1. | pol | ' thod f l'i dat i
marsi Pighy bt et e d fruBEh st and second

stereoscopic inmage pairs, the imge pairs being
obtained at different tinmes of a substantially
si i ar Avthesg;dimsasinpal kbengssietaction mgthaddendsterjing changes
betvfle%ﬂ%gfrgt dtdle5Rb cfixln%gé %di d seggﬁcf ytél%?sc kﬂc iﬂ'laige pair,.the
one-di mensional searc o0 fi1nd sali eature n sd
metls@camarisinpage, using said feature in said second i nmage
as a startin oint and,carrying out a . .
pn@r%eﬁ%%?%% g 2edpeRnd aﬁa%;amg?oéa%? eandiflateslisy of phagges;
| MRS inANEoACEAPL! At RELESBRGMa@Opird b ifdlafld healonne
_in said second i mage | eads to sard feature in said
digifal tegain made respeetiveThef atdedsopositionslindieatadin satvbeaaidinlatsdist

ne- . . . .
of cl?an?geéj {"rgr?lnt%}e%paqunersl’selgﬁa r1]n“:"f(9')rmat10n in each stereoscopic pair,

ima

finding corresponding points about said positions and tying said points at the
same heights in said first and second digital terrain maps,

triangulating within said tie points to eliminate changes that do not show up as
height differences between said first and said second digital terrain maps, thereby to

produce a refined list of changes.

15. A three-dimensional change detector unit for detecting changes
between a first stereoscopic image pair and a second stereoscopic image pair, the
apparatus comprising:

a preliminary processor for processing said first and second images to produce

a candidate list of changes;



conprise cross-correlating. WO 2004/ 084136
PCT/ 1 L2004/ 000263 33 13. A three-di nensi onal change
waledoaos4B6 unit for detecting changes between BCT/AI2964/000263
stereoscopi c image pair and a second stereoscopic
I mage pair, the apparatussconprising: a prelimnary
pr r Rl 6 Gelithal FrbdleaB B SEFIBLLIBRES
to?gg@%ﬁ%ggﬁgn@%%gﬁﬁa{e f?st gfrc gﬁges; a igffg?
imageeairai afinodel a eiceat digithlaerraineatdehggspéatioatyed@hleast poaitidns
. ..Stereoscopi¢c_ image pairs, a first. and a second. .
indicafegiip a0 CaRdidath hncilanapess Siod iRy gingsignal iiagpation in cach
' lﬁgﬁ indicated in said candidate |ist of changes
ﬁme?%%h%i r ée-di mensi onal information in each
st ax epmbiogi for ppiatizing avéregaihdightfloyels betdieergsaid first and second
. .correspongdin oi nts about said positions and for
mg”@f?ﬁ@nrgﬁﬂ%*86$nts at the sane heights in said first

ang, 158 F&g 1B Fdraletekb B iigh (FEBBSHcy A ifféreAdtd bbRleh shidlfirst
triangul ating within sa|§ tie points to elimnate
and sshemdydigitalHatraindaodeds togiffom ehpnges hepighrandidptedisthaarg high

bet ween sai d fi.rst..and saj ec dj di in
frea il SR ERal oS SRR SA STR B Pl Qe ee
compchentd, thefcdg-t6lipreinsé & Adined Misngfehdedesct i on met hod for
detecting changes between a first stereoscopic inage
pair and a second stereoscopic image pair, the nethod
COTR! | STRZ4cRBERRPHWaiRP] 1! i LoAPHlsing G90W phliBRs 1o
produce a c%n&?datejﬂggt of %hanggs? SIcgeatlr?g, rom
conneeteth bofwesaisald s gitad esmdpmodel mageorpaidrssid equillizesforand a
. second. digital terrain nodel respectively of at |east
climBpt Pl st SHFresnpamEshi gar 1 S POt Asigos
terrafd @Bud1Qr ee- di nensi onal information in each
stereoscopic pair, finding correspondi ng points about
said positions and tying said points at the sane
hei ght s ,i i.d fi.rs nd nd. digital rr.ain ,
et Enguf dPreRSiletimh s BEECRG Ml@oh g il ufiaes
betwebiah Gies stehaiscoltic igesiainind@a sesondérgbicoplicfimagepdit she
bet ween, said first and said second digital terrain
methed cOMPISKEahy to produce a refined |ist of changes.
15, RedstHaGiHhERY QB8kd HRARIE HBUSGLantfliate 1fsPbf changes;
deF%ctﬁn&gghaﬁges bet ween "a figgt stefQOSggpﬁc i%gagm’
pakreatmg] feons exbrd ssitlsteascapt onigeagerspafirst anhesecond
digitglptglargﬁtr%gde(l" 9@%£étls’\)epygdf at least positions indicated in said candidate list
of changes from three-dimensional information in each stereoscopic pair,
equalizing average height levels between said first and second digital terrain
models,
detecting high frequency differences between said first and second digital
terrain models to affirm changes in said candidate list having high frequency
components, and
eliminating changes not having high frequency components, thereby to

produce a refined list of changes.

18. -  Apparatus for registration of an aerial photograph with a reference

orthophoto, the apparatus comprising:



a prelimnary processor for processing said first and
second i nmages to produce a candidate |ist of changes;
wME»020048084136 PCT/ 1 L2004/ 000263 34 a di gi t abCT/H20@/(00263
nodel creator for creating, fromeach of said
stereoscopic image pairs,;sa first and a second
dighxaﬂn&ﬁﬁﬁ9Ln q?del rsquc&ﬂgely of at | east
posiF%Sns | HED 80F BGTPH QAT L AN di dat e 1ist of changes
from t hy ee- ghdkpiiSaromalal ket QFafiBh hQEMpIbe@RE the aerial
stereoscopic pair, an equalizer for equalizing average
photegraphtor pagdicsd persigaghersal andrthe sxferspee ethopheto. based pmp Tirst
ﬁedﬁﬁﬁrain nodel s, and a high pass filter for detecting
i'gh frequency differences between said first and
secondbyli gi tcatryingrouah firsteask sordatidd batweahhagestogmaph and
sajd candidate |list having high frequency conponents
the gritprhgtocceRiding @ thhEasEEatian AUIHaRY Wg‘ﬁﬁ?lﬂﬁ firptequetpopdence
mesS@pPonents, thereby to produce a refined list of
changes. 16. The detector unit of claim15, further
conpri s} ng at leasy quas shanigirigsr parametar cnakihghebewe eagigmtion

digjtal terrai. el creator and said.equalizer for
aueepPhocisen B <G B erat B A S rer e LEUEERS sl o
orthf)ﬁlicﬁb, At afiing cuea Fighed icBst 8brrelh@di @i dbtdIREPhSher 17. A
t hr ee-di nensi onal change detecti on nethod for
corrggroadencsgneasisgel between a first stereoscopic image
pair LC.J ' -ha: hod
CoriseTaltndor ERANte B &1 SRBEORL o RAEA Rk B TR "G
highesodaueependeadednesue:. | | st of changes; creating, from
each of said stereoscopic inage pairs, a first and a
second digital terrain nodel respectively of at |east
POSjigt | 0N HaRhCRALERindhoMith LRNHARS €1id pSlmeRk iICIRAGRS
fromthree-di nensional information in each
parasnetered seidpievalgtiotograpjuer 4 edwegdaestiergdeteef.ght | evel s
between said first and second digital terrain nodels,
detecting high frequency differences between said
fire anbpapt@utceidnd @l clailerd, @bnfigiRetPlocah§ cat §tepwise
changes .in said candi date |ist having high freqguency
changingehevd Beighinandio makea fegistraiameféannict cacdviaiy hi gh
frequency conponents, thereby to produce a refined
Iist of changes.
21.  Apparatus according to claim 20, wherein said step is substantially one

meter.

22.  Apparatus according to claim 18, wherein said parameter is an angle of

said aerial photograph or a reduced version thereof.

23.  Apparatus according to claim 22, wherein said parameter is initially an
angle parameter, and wherein said registration unit and said cross correlator are
configured to repeat stage ¢) wherein said parameter is a height of said aerial

photograph.

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.



18. - Apparatus for registration of an aeria

phot ograph with a reference orthophoto, the apparatus
W@ oooprosHBang: WO 2004/ 084136 PCT/ 1 L2004/ 000263 pPGBI12004/000263

regi stration unit, and a cross-correlator for: a)

making an initial registragion attenpt between the

aerial photograph or a reduced version thereof and

the reference orthophoto, based on a first tie point,

b) 26ar r pippgratigtaceorliingsd cing, GhREkR Ald @AgdBWBRMthle
hot ogr aph and. the orthophoto according to the
ten ‘%@@qeé@’ﬁ%ﬁa}l% AleRts wibpantially enstdegreea first correspondence
neasure, c) at |east once changi ng a paraneter, making
a new registration attenpt between the aeri al
pha@bogr appaatusaceadingad cletm Ii8pwhérder anf regidratidreattempts are

ort hophoto, and carrying qQut a further cross i
carrigg oRLIR TG FreEe oYt aad paid fored Yesmpe ipeiteiapb om a pixel

redulB&S Hhi€locaRE pRoPR) G RbistAfiosElieCti Ng as an output the
registrdtion attenpt yielding the highest

correspondence neasure. 19. Apparatus according to

claim 18, wherein said parangeter i s a.height. .

2t APRREsE ARl PR TR Shesh Gid SR Bionppit said
crosY €615¢1000r bt belectéh: aré\BHMi Ak &tBtoaSHQAL SHid ehitifl daH At PasktDne

configured to carry out stepw se changing of said

furthes reghstratign @itemphigk 8 seconddieoidt i on attenpt at each
step. 21. Apparatus according to claim 20, wherein
said step is substantially one neter. 22. Apparatus
ac@eér di agphatslaaterdibg, to whrmn&7nwherdeth fait @gBtration nigRaid

angl e of al, erial photograph or a reduced version
crosg ﬁ;gr@e r andsaiARISHoR 41 _C%‘bftb%}’nr fogers3t BHdimiizand ik lepgione
furtlvﬁm"f“ré&iﬁ@aﬁi%%ﬁ%pi or hfhitd Ald BHufh tie %gﬂh ?esg@tg er, and

erein said registration unit and sai ross
correlator are configured to repeat stage c) wherein

sai,d paraneter is a. height aof sajd aerial hot ogr.aph.

5420 ppotae s o Sostinery Sm .S A BT yer
for folbwaipiMcues al6RaidEcighl PhetsadilsadDBue tivpb it toRlclc@MPR: a

and to nake a registration attenpt at each step. WO
quality o4 08 215wt PEHIRLION04/ 000263

30. A method for registration of an aerial photograph with a reference
orthophoto, comprising:

a) making an initial registration attempt between the aerial photograph or
a reduced version thereof and the reference orthophoto, based on a first tie point,

b) carrying out a first cross correlation between the aerial photograph 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 yielding the highest

correspondence measure.



36 25. Apparatus according to claim?24, wherein said
range is substantially ten degrees and said step is
weunghsnse al |y one degree. 26. Apparatus accorBingL20+000263

claim 18, wherein said registration attenpts are
carried out on said reduceg version and said reduced
version is obtained froma pixel reduction unit
| ocated prior to said registration unit. 27. Apparatus
acgBor di e treetleddadfroldld, 30padieiimsAd pakamet & o ladi gho patanieter
said. cross c?rrela or and, sajd sel ector are

of Sad@ﬁ?ri”’dlh’&%@gfa@’r‘)éﬁé ucg%l"ﬁrsloﬁit*’?rﬁ? -and at | east one
further registration attenpt for a second tie point.
28. Apparatus according to claim 27, wherein said
r egist r dihe orethodd af clami I, hothes somprisisg adroringod ssepivdse

sel ector, are configured to repeat sajd initial and at
chaneiSo! eIy THEPaHBGR SPHIRA UePERHEEbI ¢ pi r o

and fourth tie point respectively. 29. Apparatus

according to claim 28, further conprising a_contour

f ol3B owe L he tusthaduf] caimnty . edbsrdupaid giep iggsubtagiinilyl asie meter.

between said four tie points to determine a quality

of said output registration. 30. A nethod for

regust r dhe aetladd @ieldr3tawhpkei sqgd padameter s @ dngfeasfence

.ort hophot.Q, canprising: a) making an initjal
regitgagionof é%‘géﬁ“aaltpth@%fal’gé’cr Reetrcef gesian therephot ogr aph or

a reduced version thereof and the reference

ort hophot o, based on a first tie point, b) carrying

ouB35a f ilihsmethasissf cdamr ¥, athieremn bed pe@metdnés iagiallalan angular

hot oqgr and . sai ference orthophoto accardi ng to
pare s PG Sr PACpioPabrd Rfher SO Bpi A ufE S el i
paraﬁiétdr%@%“gﬁiﬁﬁﬁen H@i@ﬁ%ﬁai@eriﬁt plhcﬂ@@rbpmnce changing a

paraneter, making a new registration attenpt between

the aerial photograph or a reduced version thereof and

t hggort . rr.yi . fur 0 .
cor%r6 el a??l gﬂ%ﬁlg(’do(g{lalnﬁ] af %IIPP ﬁsel? tg%ﬁléé Bgﬂsgévr@ée Citnging of
said megleurichin aamntechhd sedkéey 4 registratiam atdrhuit eddhestep.
regi stration attenpt yielding the highest
correspondence neasure. WO 2004/084136

PCB/7] L2GR4hROQRGT cladrh 351 whihgn BRY bafle s%k@ht’fﬁl%&en degrees

wherein said paraneter is a height paraneter sai d
and said step ipsibsogtialphonsrdegraceduced ver si on t her eof .

38.  The method of claim 30, wherein said registration attempts are carried
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 stepwi se changing of said height, and
wWordoisngi136 regi strati on attenpt at each step. 3BCT/I2e04/000263
met hod of claim 32, wherein said step is substantially
one nmeter. 34. The nethodgof claim 30, wherein said
I

par, amet is.,a ngl.e aof egi stratiop,of .sald aeria
ol ogr ApRIEid Tk Gelnel sPehu el o hig copygdies aldhe
diaghRi B weén §didkdtrInt porhieiorddfermaicth PadliayTef fiid bgput
initially an angular paranmeter, and wherein said
regisimatipwd further conprises repeating stage c) wherein
said paraneter is a registration height of said
aerial photograph. 36. The nethod of claim 34,
conpr | S;L\@Ea@afs i E1gksHitatish 6PN¢ SEnBHaNgLREatdn ofsai d
angle within a range and naking a registration attenpt
CO“%WO@Héﬁﬂﬁ%%%zUQWPUﬂm% nmet hod of claim 36, wherein said

ra | 3 A . I 3 |
uBeE ET TRl Mool AR p R SR RS RlRehiRes §
servvhetiepoinaael r egi stration attenpts are carried out on
sai d reducged ver.si.on and sajd reduced version is. . .
obf &1 efb&%r alaﬁlfyélpg S48 i o UpPYJBILS stabls orpaatabletisod
poin® tHek@yTh 3mifkdi LeLb1E AEBSinE 41 taSP&Ad tdGuabiloh Habledle
~and at ~ least one further registration attenpt for a
pomngecond tie point. 40. The nethod of claim 39, further
conprising repeating said initial and at |[|east one
further registration attenpt for a third and fourth
ti @3poi PppaiREReCEddRIcYo c)Mh A0 0dhE8hIsaf classifier uses a stability
. . PCT/1L2004/ 000263 38 41. The nethod of clai m 40,
index ¢ elaesifycsgidotia BYIAY- f ol | owi ng contours al ong di agonal s
between said four tie points to determne a quality of
said output registration. 42. Apparatus for ‘
cl d44si f Apparaos aofortling tpolaith 942f where@giagd staltilignnddx includes

cor respandj | mages, conprising: a tie
CObb@?%F@ﬁﬁghwgg?gF'for identifying points in said

corresponding images to serve as tie points, and a
classifier for classifying said identified tie points
as 48t abAepanatusrnsecing to ckum g94i whereint saist epspifies is configured

K)d%%ggggg%%m%&gggg[e tie points and base said

ration on stable tie points. 43. Apparatus
according to claim42, wherein said classifier uses a
stabilit
46.  Apparatus according to claim 44, wherein said classifier is configured

to classify at least one of brown and grey as stable.

47. Apparatus according 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.



index to classify said tie points. 44. Apparatus
according to claim42, wherein said stability index
WO nhsias6 col or as a stability indicator. 45.PCT/IL2004/000263
Appar atus according to claim44, wherein said
classifier is configured spo classify green as
ungg abl 6 . rdi L.al.m 44, '
saly ol SR o CRESREHR RS D o B Rlhe
imageBeconfprBim@n and grey as stable. 47. Apparatus
according to claim43, wherein said stability index is
us El§NELYIRgG Raintg iR sHALPECSHBNERE IPRISS S FT VO R ToPPBSoYH ze
e ARSI REIQRLREL fe B ent BELRIRL LPROEER fereby o
elimtlagswistabyr ticcpoiptsiané dask safderapisiretioreaogablz @&c pboits.
recogni zi ng any of bare earth, buildings, rocks and
stones as being stable. WO 2004/ 084136
PCT/ 1 L2004/ 000263 39 49. Method for classification of
tie points for registration of corresponding inages,
conprising: identifying points in said correspondi ng
i mges to serve as tie points, and classifying said
identified tie points as stable or unstable tie
points, thereby to elimnate unstable tie points and
base said registration on stable tie points.



