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ABSTHACT

Change detactlnm 1z 8 temprral espmentatlon tool alm-
g at klentlfFlng changes In lmage esta or lmage e~
exes at two dlferent, tlmes. Many change detatlon
agnthhms have heen propoesd ower the past, decade for
the gemeratlom of #iden ohjecta In & whkie ramge of applt
catlnm:, mnrlne oo teractlve multlmesdla to reocte
grvelllane. Meost of thees algnrlthms are tallred to the
epecific applcatlom at kand. Therelnre there 1z 8 nesd of
a geoeral mexiel fnr change detectlon which conld snp-
porh the cleloe of the cptimal chamge detectlom strat
egy. Ve preeent, & nnlflel appreach to change detatlon
bazed oo A d-step kel Chamee detanthn alpnrlthms
prepoesd o the Dteratire are analyeed In terms of the
e bidldng blecks of the proposed mexdel. This gy
k nesfnl oot coly Inr revlewlng the state of the art of
change detantlom, ot alen fnr reflodng and lmprovlng
change detantlhn methesks, by provldlng wesful gukle-
Ines for the hetter ues of the algrrlthons.

1 Introdoetion

Change detactlon & an lmpertant, teol for many orm-
puter vldem appllcatleme swh a8z mullmedla, viden
grvellane, reocte eencdnge, htaractiwe and lmmergtes
gaming. Eficlent, aml arcirats tacholymies are reapidred
to detact, axd lahel the changss In Image sete nor lmags
esienees hetween difierent, e Instanta.

The general raqidrementa fnr changs detectlon alos-
rhhme ars aceiracy n the detectlen of ob jsct, cootonre
[apatind Aarwraey), and temporal stablity of the detec-
thon [kemipornd rmhemnes] . Moreower, aenaitiuly and m-
bustnras are degirable featires In & changs detactlon ak
grrthm.  Senetlelty refere fo the ablllty of detacting
changes nf emall magnituds. Brohistmess can e zren
8z the property of prewldng goed acenmey nxder vary-
he cendltlone, for meam ple Thiminatlon changes. Qther
reilrements may ales he Intoechiced dependinge oo tle
applirathn. For ewample, 6 prier cromstralnts of spatlal
eennectivlty can he applied, if thie property character-
¥es the targst, of the detactlnn process.

E we dennta the lmage imder tast, as f= y, 1), where
x aml y ars the spatial mondlnates, the problem of

chamge detectlon crnekts 1o Axllng, for each frame 5,
& hinary map a(x, g, 1), definlmg the plkels In f=, g, 1],
whith hare changed with respect, to the reference lmage
F= 4, +]. The Mnary mask <[, g, ], reaulilng fom the
rhamee detantlnn analyek, 1z deflmecd as

oo, gm0 ={ ; :-I:I:;;:Inwhu.gr- s nezmrreel &t (o, gl at time ™,

(1)
Diferent, siratagles can be adoptad tocompinta o=,y 1)
az & funetlon of (% g, 1) and f{= y,+). Ve propees a
ternm prel tlnn of the change detartlon poohlem loto fsar
malor steps, namely feibwee eebracdon, feamure anaiyals,
rlaslfiratnon, amxl poatproceaaing. Thk gemeral strise-
tare allews ne to cempare the dlfferemt, tachnkyies pro-
presd 1o the Hteratire. The bloek dlagram of the pro-
presd scheme 1z ghern 1o Flgurs 1.

The cheokes relatsd o the chamge detactho algn-
rithm comprlse the features to extract fom fim 3y, 1)
and fi=, g+, the datance metrk to quantlfy changes,
and the rlazdflcatlon strategy to detant changes, Thea
chodres are dimszed In the fllowlng erchloms.

1 A datep nwwlel For change Jdetecticn

1.1 Featnre extraction

Each Inpt, frame f{ g, 1) 1z tranaformed Into the most,
apprepriaste fmatire gpams finr the epecifle applleatiom.
The reault. of the featire sxfractlen gtep 1z & erpenes,
#(® 1, 1], oo which the change detactlon cperatien wil
be performed. The slgnal g, g, 1) 1 derlesd from nme
Image coly (1., It dess oot contaln metlen Infrrma-
tlem). Th mpllfy the notatlon 1o thls eectlon, we wil
pmlt, the time warlahle n. The dgnal g(x, ) may ep-
reeent, the wmimanes [1, 2 3, 4, 5, 6], the rmier oom-
preoentz [T, 9], or mere complex features. Rore onmi-
plex featires are ngnally emploped 1n applieatine whem
the Mhiminatlnm of the arwe cannct be easly esdeled.
Lewal Nneg [10)], echge maps [11], vector re presmitatlon of
\mage regloms [12], and albedn Images [13] are examples
of features which are mnre mebst, than Intmelty Images
fnr changs detactinn nwder wmryhe Thinination.

Let e examine the dliersnt, featires. A methed hassd
om kel ¥ne lmage represmmitatlon & presntad 1o [10].
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Fiure 1! The fnur major steps of a chamge detectlon algnrhhm and different, choloes for thelr tm plem entatlom

Thiz appresach expllta the fact that 2 global Mumina-
tho varlatlon changes the oumber, it not, the the ge-
coetry of the level Ines. A lewel e 3 1g the benmedary
of & lewel gat. A lewel get, ¥y comslsts of all Image pliel
preltlnne wlth a hileance wale at least, equial 1o A

S.;,:'[':ﬂ.ﬂ':]:f[ﬂ.ﬂj 2"""]' I:ﬂ:]

The Image contalng the level Ines can he expresesd,
gtarting fremn the Input fx y), 85 & il iine map,
a7, 4], A lewel Ine map can be defined az

o= {3 oo e o

where Iy k& the mimber of lowel Ines cnnekderod fnr eme-
ating the map.

Bagzed nm the game pAnelple az lewal wes, alenrithmes
bazed nn edgres aveld Thiminatn warlatioe to e In-
tarpratad as structural changes [11]. The nes of edges
prewldes proed epatlal areirary. In additlon, snee edes
mapes are hllowe]l Imagee, thay are cnwemdent, frm onm-
putatlnn and storage wlew preinta.

Anpther Thim natlon Inwarlant, feature for change de-
tartlen g the aleds Miage. The albedn lmage repre-
gmta the reflectane rempoment, of an lmags, which 1z
hdepemdent, finm the Mumination awd onotane malnky
phyeiral nbhjart Infrrmatire. If we owxdel the Inten-
gty fl= ) az the predhiet, of reflection « (2, 4] and 1
hininatlen €=, ), 2 4 = (2, 5042, 4], It 12 prasibls
o putrant, the reflectance compement, (glhede] by ap-
pying a hememerphi Alar [13] to the Input temet
tle. Fhet, the Ihmbhatlcn axl tle reflectance compe-
went, are geparatad by applyimg a leg-filter, g f17 4] =
g e [2 1)+ Img €[, o), which trancfrrms the multipliea-
ties relathn hetween ¢ [, o) and €=, ) Inte an adkdtiee
. Leoparlthmleally tramfnrmesd lmages kasleally have
tw gpectral components: & low-foiency pesk asarsel
atzl mally with nmioatlen, amd 2 mld- aml high
eymeney platean aszrclats] malnly whh reflectamce.
Th extract the reflartlsn conpenent, the high freqpen-
el are elminatad threngh low-pass Atare COF,

glog) =exp|iog flo )| — P [1og Flo,g)], M)

thue prowldlng the hminatkn hwarlant, featre oo
whih the change detectlon analysle can be appllsd.

A difierent, appreach to extracting featires gi®, i) for
chamee detarticn Invnlves mexdellne the Intenslty dlstrl-
tntden of the slgnal fix y]. The medel 1= generally
characterlzed by reghyn haszed sfatlstls. A eenomd or-
der mexlel s isnally emplowed to degrlbe the loeal In-
tenelty dlgribinlon 1o 8 reglen of an lmage | Inr example
the warlane and the mean of the reglen [14], 8 rpeadratis
fimetinn medeling the reglem [15], or Ya partlal derlva-
tlwes f2] These methode bazed oo epoomcd-rrder atatls-
tlrs hare heen employsd 1o early chamge detectlon tech-
olijies. They are bhaszesd oo ouexlellnge the imlonornelgmal
They are ot el 1o nodem chamge detanthn axl ey
are eporte] ere noly e mke of completaness.

23 Featnre analyaia

In order to detact, denlficant, chanps, foatimes In e
eurrent, frame g, g, 1) ame compared to thess 1o a ref
eranee frame gz g, +). The refermmeos frame may be the
previnus frame In the gaquenee, or an Imags neprose nting
the barkgmound of the eneme. The harkernund fram e can
be flxed, or 1t can he uplated perleefically. In the for-
mer caza | 1t 1z ummlly & frame talem finm the eajiems
(e.g., the firat, frame [5, 7]). In the lattar case, temprral
Intagratinn of the previens franes [16] k& wesd.

We represent the general framsformatlon T for oem-
padng the featires az & compesttion of & dlstams
operator T, and & fimctlen T, & that #[m gy n) =
oy (5 (alm g, 1), galm 0, 7)), The distamce operator pro-
Vlidez & pluwel lewel featumr dlstance and can be lmple-
mentad sz plel-wise differenes, lmage ratloime, wector
differemee, or & dliffermee metrle bhazed oo geenmd crder
gtatietlos.  Alzelwiae difforens: image dferentlation)
can he expressed 8z Li(e pa) = gl® g, a2 — alm g, £
Thk operator e appled to Intensty 1mages repress ntinge
lhmiawe [1§] or ecler [7), and to Mmary maps repre-
emilng edges [11] or lewel Anes [10]. Tetor difforenes
Izt a dlztane metrk that cperates en wector features.
The vartore may ¢onslaf, of enler featires or regln fea-
tares [12]. The fmage rblh representa the ratln hetwem
the wahie of ntendty of the eame pheal 1o dlferent, time



hetants: [ )

gir,hT =
glo, g, ) =)
Thiz crmpitatlsn can be demne at pliel or at reglen
kbvel amd v mbmet to MMunieatlen varlatlone. Differ-
enee mettiles hased oo aermnd order atabatica can alse
be uexl. Thezs tachnkjpes compare the htendtls n a
reglen enrrenmellng each plwel In glw, g, 1) and g(m g, +)
by meane of enoe charantarlals imetlomne. A dlferemee
metrle bassxl oo ememel erler statlstie In & reglon W 1
the Mkeh ool mtin [14]

waam=im Gy (57T

(FEROES

where [#5, pin) and [#7 ), are the varanee and the
mean I W' for eurrent, and referemee lmages, recpec-
tiwaly.

After the distance nperator T, the lmages Li(x, 4, 1)
can he firther transfrrmed to derlve the actlvlty Il
whirh 1z nexl for chamge detantlon. Jn enme cases, tle e
gt I [,y 1) of the dktance operator 1s talen directly
az actlvlty Imlex, amd the fumcflon T, le flerefore the
Henthy fumetln. Examples of thle transformatlon T,
are ahenlins walie, arjuare vale, eaemel or nrth coder
mrments, axl edges. They can he appled to differant
epatlal enpporta. If the featume are lmage Intaneltles
or blmary masks, that ls, slges or lbvel dnes, the abdn-
fute or Aqure unile 1z appllsd after the dletane cper-
ator Image differens. Then I(x,y, 0] = [[Lx5,0])],
with 5 = {1, 2}, repreeenting the sherhrs or aqars
wlue, respectlvely. Aomenia oo rectanrular Wlxdows
¥ are cempnrtad when features are Intenetty Images [T
minance or eoler compenents). I ths case, the Index
asmmies the fnllerhg fnrm

Hogm =g 3, [diim—p' )
WAIE W)

where (%, 4 1) 15 Ather a differrnes lmage or & ratlos
hage, 4 & the preler of the meooent, and ;1 fle mean.
Different, combinatln of f.0% y, 1) and 4 hawe heen
meed fo compnte the actlvity Wtex. In [1], f(x, 3,5 18
the remilt, of l1mage diferencne oo himlnane Intanelties
axl 4 = 4, that 15 (%, y, «a] & a fourth coder mement,.
I [2 18, tai®, 18] & the reanlt of Image ratlolng oo
hinlnance valwes aml a = 2. Thug ij%, 1) & escond
order moment, (shading mexdel]. This Index of artiviy
can he attrbimed to the entlre reglen [ [owerlapped
wixlewing) or fo the central plkel [12] (Don-oeerlapped
wixlerng). This earmd enlutlen prowldes & hettar spa-
118l reenhitlnm.

Floally, an eilgpe detetnor can be wexd ag T, after the
dlstame metrk: to provikle mbnstaess to Mumination
warlatinme [7].

1.3 Clasaifcation

The hdkator of the lewel of actlety tix, g, 1) computad
I the prevlnne eaction bae to be claslflad In coe of the

twen clagees: changed or wnchanged. To obialn this clas-
gficathn, 17, g, 1) 1z himariwsd by thresholdhg. The
thresheld can be eet, emplrically [, 12, 14] or compitad
adaptively [16, 1,3, 4, 8, 6, 13, 8] T the frmer cass,
the threshekl s fixed for all plwels In frame and all the
frames In the eerpemnee. The valne 1 1sually deteron ined
experlmentally hassx] cm 8 large database. In the lattar
cage, the threshold le adaptsd acnondlng to esone miles,
Th cempute an adapdve awd ieeal thresheld, 8 reglhn
baad statktlnal analysle can be esd ¥ the probabifty
remdty fnnetlon of the camers nolee k& knewn, The sta-
tlatlral analyek 1z hassd oo mesdellng the Intanslty dls-
tritmtlen efnoles [16, 1, 3, 4, §]. etead of theshelking
the diferemoe lmage, thls appmach cnmpares the sta-
tlatlral hehavlor of & emall nelghberhordd at each phiel
prettlnn 1o the differene Image to 8 mede] of the nels
that, conkd affect, the difference mages. The omoparlesn
1z baend oo A slgnlfkane teat.

A ifferent, way of computing an adapilee axd ioei
thresheld 1z presented 1o [8], where the spatlal croteac-
taal nfnrmatlnm of each pheel 1z taken lodee acennt,. The
thregheld fnr the test s adaptad 0 the lahel cnoetalla-
tlem e (7, g, 1a) ofa 3hy-3 Wondow W . When eranning tle
Imags, roly fnr nelghboring labek In the caksal part, of
the nelghborhered ¥ oare awallabls. For thls reascn, tle
vahie of the other Inur 1z approcimatsd with the labels
of the previons castfcatlon ofx g 1 — 1), I K%, 5 1)
temntes the mmber of phoels detectad as chamgsd 1n 1l
mlghborheed ¥ at tlme 1, the »ew tea, eooies

i|:=|:"|='1""‘::|---""""'-'l'ﬂ‘ ["—5[1'13'1“:'] [E:'

with 0 < K[z pa)] < & aml #) 1z a2 prattive potan-
tlal whirh detarmines the range of x4, n). Thik spa-
tlally adaptlve threshold allsws the creatlom of rompact,
and emrothly shaped reghne of change, aml rediees
esattamd ermre cameed by oeles. An sxtemdom of this
methed k& presentad In (13, Besldes oontactual spatial
Infrroiatlosn, tempeoral Infarmatlen & ntegratad In the
rnmpintatlen of the adaptleve thregheld. In thls caze, the
label o[, g, 8 — 1) of pheel (=, 4] 1o the previme frame 1s
alen roneldersd. The apatle-team prrally adapties thesh-

rld & gven by
ko, 3,0 > v+ [4—K (0,3, )]+ [05—efo, g, n—11] (9

with aj®, ¢, 0 — 1) € {0, 1}, and & and #, are preltie
prtantlals.

24 Poat-procesahog

The result, of the classfication atap, o(®, g, 1), 1z affectad
by diferent, Hnds nf wlee. Fxamples are artlfactz Inher-
ent, to the epecifle changs detectlon algnrlthme, shad-
nwe, nnovered hackgromd, and camera nelee [which
may he oot completaly ellminated by the detactinn al-
gerlthm).  All thess eourees of nole are resprmsthls
for falee alarme In the change detaction mask o[® g, 1)



Tk rechice the probabllity of false alarme, warle post-
prexessing strataglee have been propoesd In the Atera-
ture. Thear stmategles are applied ebher 1o 1he binary
mage reault, of the clazeficatlon cnly, or to both the b
nary Images ane the crlglnal frame. In the foroer cass,
the prat-processing k& bazed no fir- or dght-rmnneted
rompenents analysls or morgheioglend fiderdng [1, 9]
The nge of blmary masks In the post-processlne stags
has the adwantage of reducing the falee alami proba-
Hiltw at lsw cemputatlonal oeat,. Howewer, the a pri-
nrl topolegleal asmmpticne [Pempactoess and regular
eontours] oo whih they are haszed may ot always he
wlld. For thls reasnm, thess tachnlimies often result In
bk cootoirs. T aelve thls problem, the crigal ge-
mene may be nexl alnme with the rlassifkeatlen reault
I the prat-precessing. Metlen, color and edee Inforoa-
tho are typleal samples of featires that, are analyasd

1o Imprews the spatlal ascmiracy of the chamee detactlon
resmk, [18)].

3  Cowclogicng

I the framawerk of emanty vlklan object. soraction
bazed no mtlen, & unlfled apprsach o chamee doton-
tln has heen propeesl. This appoeach 1z bassd oo a
decrmprdtlom of the problem Into Imar major steps:
eatnme extractlom, featurs amalyels, clazlficatlon, amd
pxt-preeessing . The different, cleloes and thelr i pllca-
tloe 1o the desdlen of change detartlen alpnrlthme have
been dllzmizesd. Thik shikdy lg us=ful net coly for e
vlewlng the state of the art of change detactlom, bt
akn for refnlnge amd lmprovine change detartlon meth-
rxkz, by prowlling eefil guldellnes fnr the better nee of
the algrrlthme. Our corent work s the Intagratho of
the presentad analytleal rom parlesn wlth & quantitatye
remparlesn bazel o ohjectlve ewmluatlh:n metrke.
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