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mate he ,. Thi~ method con>i,l, or tllilll!lming an enagy function thm "urn, up the 

>1rC\lgth ' or all lhc c,mdidal,' m"IO'h,'" In our implemenlallon, <1 'imiL1r "ppfOxh is 

followed, A ,uppnn of match matrix" hmned who'~ rows fcprcseTJ[ rhe COrr'~rs HI 

It,,, fiN ima!!~ and ",iumn:; r~I"~'c nt The corn~" in the :;e,:olld imagc, The e'lln~, 

thai "rC bolh high~'llIIlhc'Lr resp'X'I"'~ ,'olnm'" and m\H are cho'~n as mmche~ 

Pil" 13711,"r]' thc plllali,'c m"ld1l'~ ,i" S"'~""ir \'"[u,, Dccumpo,>lI;o" (SI'DL 'lIll' 

approach ;, aho followd m r211 ,.hL're il is 'lLggnl~d thar the rela~arion method he 

replaced by. 01' comhmed with rh~ SVD appmach.llowev~r. th~ JllSlit,CJljOTl for Ihi' 

,u~g"'t;on i" Ih,Ulhe SVD appr<:liIch work<; well when only a rev.- k"lur~, arc ",cd, III 

ou r' ItllpkrllcJJt.l1ion ho,, ~ ,'cr. due 10 lhe Imge nlLIllh<.:r of teatures we use. the 

"ompt,lallOnal co,1 uf INn,~ II", SVLl approach i" hIgh. 

3.4 Experimental results 
III Ih;, ,enion, Ihe re,ulls or Ih~ l'Ofner delection hy the lJa,-,-;, d~tectC)r and the 

Illaldling hy corrdal;on are examined. 111~ llan-"s detector nnd corrd1tiorr m"rcilillg 

are te,ted on th~ basi,' of: 

• A~cural)' - to te,t thi:; critcria wc usc VarlOlLS typCS or lmag~' Ihal would 

presenl Ihe mel hod, w;lh a range 0 I' CO]nte,- Iyp"'. and 

• Stability _ by obser"lng: the rmrdlCS ohlall",d by Ihe ~orrelalion-ba,Gd 

llIalching. Beller re'lLlls can be oblai""d if a ,uh-piul marching technique .­

u",d, llUllh" comes at rt;" expen,e of illculTI"g" high computational cost. 

Va'-;Oll,' image~ are ll sed 10 tcsr corn.:r detcction and 1M1<"hi"g: mClhod, Th~ Imagcs 

lls~d To th~ corn~r dCI~ctioll nrc; 

I) A Symhcti,' imagc 

Th;, ;mage" used to ob"erve how wdl th~ HaITi, deteclOr' handled diITe'l:nllyP<'> 

ofjullcT;on,'15I J. 

2) Indoor images 

'rhc>c re,t lInagcs are c"plured by a panning "amCra and conlam a ,tatic ,cen~ 

with no moving ohJe~I' in ;l The image, ar~ IIs"d to ob,erw how ,(ahl~ th~ 

"orner delenlOn ", and how Ibe mUlching l~chn;~ue peli'onns. 
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3) Outduor image, 

V.i~ t"~ ,,'me outd()or imag~' lO I~'t IlOw geometric corne'" as well,,, cornn< Hl 

(~'1tlr~d r~ ~iol" C'an be ,kl,,,,tnJ. TI,; , ;, ,,,etiJ l m (he C"'C of (J'Ur on'(~11 ~pprc,,,,,h 

b<o ing c~l~ro(led to ouldoor ,cen"S. Th" image, c'ont"in hoth w~akly arl<J 111ghly 

I~Xlll red reg"'"" as well '" ~~olllnri" ,'llflle,s. 

Th<' Harri s d"(~Clor require, on ly on" lh""hold; the' luwer th" e<>ntra,l in Ihe image 

th" lowe,-l1", lhrnhul<l n"",kd, ~nd \'Ke-v"n,n. A suilabl~ rang" "fuwWl0 be J(X)O 

tu l,(XX) d"p~nding ()n lh<' ;mag~ cu m,'I\\. In c,ur imrlcmmlalion v.~ ,el 111<' dd,'ull l" 

4000, T lw '"TK",,]t "r compulation i, indepeJld"Tlt of 'm,1 ~~ content :lIld 6" addiliom 

and In 110 multipli~aliom ( .... h"'" I! n'(ers (u li>e diameter oflhe ..... mdov. ,,,,,d) ",",' 

requir"d. bor 11 5 v.~ bTl 55 up~rations per pixd hl'ur~ 3.4 olIO"" Th" ['~suh, "I' lhe 

curner delCelion oJllhe vano", ;tl);lg<os, 

! 
~ 

#' v ... , 
• 
" " 

• 

[he Hart'is C()rn~r dNector. (A) SyIllh"tic image: (nl Desk 

image: (C) l\ol;c'e board iLt",g~; fDi Uutd"" .. Imag"_ 

22 
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A wick (;011)"' 0111 ~ mo",hing timcllon i, "bit to r,- <hl~e "..,i.e eft','en \ dy om ,\ff,-CIS The 

locali,," of L1,,' <.Io.'ll' .. I.;,1 c:<>""". A u ::uk .. . ff bcl\\CCn c<JIh(4cuC)' of ,kt.:cu"u and 

locol i"lLion i ~ 1 1Iad~. "Ir ~~;"ll y Il!l(~ Th c Ha rm C<' IlI<" 'kl ~c l'" I< ),.".J wn II) h"v e :l 

IO"'eT '1C~'\lI3C' [vr " l h':1 type. 01 JUf!C\ IOtl> \I hen C<.1Iupa ..... '<1 to [. J"'h';lj"n~ I 52]. 

11,.. r"l,u lt~ or the comer m3lchtntt ar.: sl ~ ),,"" neXt Ou<,<: agJin, ',''' ''OIS illl'lJIe ryp<. .... 

~ Ie u\.¢J 10 te,1 Ih"1 Th C I!, dhod ("(mfol11 l~J 10 til<' ~r;leri,1 >l:1. I'i gl'TC 3.:; <h<)w , lwO 

~icw" "f Ilk: I .... ·u~cn n'I<~ '" 3nd rhe II-"'U ll' 01 the coma delect"JIl and mlllCh",~. 

ri g-urc '. f.> sl'~""< lhc ,-",\\ I t~ of ou' "['prvxh 0" a ' l ~l I C [abor:ltory ,ce'", capllll-,,(i by" 

p3111l1 ng I' ll ",,,,,..ra rign ..... ' 3.7 ;,h,,"~ the rc<uh , .,1 nur "(lJl"':l<~h un a 51::1I1C 

laoon<t ,-,ry >.<: cn,· ~JI'I1'I\.'(1 Jg~jtl by a p~Hning ?TL C;lInc, a, Two 1"'''Pk- """'illS 

I nd.-:p':lId~ nr ly uf II>(- C3.l"O~ nlUll"" are pI \:lOC"nt, 

( A) (1) ) 

Fi;!;ure ,1.5: 1\ 1,,1 rhin~ hy rorrd~llolJ. (A I ((1 ) IWO i ",a,,~, fr'(l llI lbe l ..; u v~l1 C~ .\ Ilc­

IJn~8'· 'C4I1~ nc,· wllh Ih~ d,:ll'C!CJ corne". ~up.;ri nllln)<:<1~ ".J p nlalWC n"'t..:h~ an' 

,10"" 11 by Ib~ I;,,,,. link ; 11g Ih~ 11l.1 l d ,;ng c, ,, ,>':rs 

23 
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Ie) 

Figure 3.6: I\.h1ching b)' correlation. (Aj (B) (Wo i"'"8"' of <l stalic labora\ory ,~c,,~ 

with clCt~cl~d corners slLperimpml'd. '111~ lJl\ag~, arc cap1\lrcd by :J. 1'~n-Till-ZOOHl 

canl<:ra from ddTcrcnr. \ ' i~wpoints: (e) rur"liv~ m<lll'h~s arc Ihown by rhe lin ~s linking 

The rnarchingcorne" 
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(A) (0) 

(el 

Figure ],7; Matching b)' corrtialion. (A) (B) two image, of a sialic laboratory scene 

lhal are caplured by :J. Pall-Till-Zoom camera aoo containi Ilg moving people. The 

detected corners ~I'e Sllpel'imJl<"ed: (C) pU[~tjvc r"""ocs ~rc shll,,·n by IhG line> 

ILnking the lIl"lching corners 

3.5 Conclusions 
In tern" of ,tahility, the deteclor " foUl,,! to be well suited (0 coll,jstenr ly finding 

corners reli"hly en"hl ing correspondence' to be TOllnd . Severo) come" ure defected ill 

(he illlages and Olle ~pproach would be to re,trict their number befllre Illillching them 
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The number of mmers d~wct~d can be re<luce<l hy using a hil'her lhreshol<l or only 

sel~CllJl~ corne" ",ilh a 'rccifie Qi.,lance hetwcen IOClll, 'I hi., cOllld h<' Illned to }i~l<l 

tile ue,ireu mllllt",r of corners A IX)int \H)]1h nOlmg i., lhal u""l of Ihe 'lnmg COm~" 

in the linage, are locmeu lJl the ,arne area "nu '" core woul<l have to he laken to 

en,me the detect ed mmers stay well .'palially di.,lribulcd ovcr the image,_ 

I'm, locah,ation errOr CrHeIlOn " ""'U (0 e,'u[lIalc inlGre, 1 [lOlJlh in imagc> "n<'l 

n",",me.' w,helher " corner is ClCcurately locateu al a 'pcc'ific 20 localion. It is, 

I",wever, an i11lIlmic error of the mmer d~lection "n<l cannol bc lllca.,ureu <lirec!ly 

fmm the imag~' 15g j, hom thc oh",,,.-e<l re.,ulI" althoul'h '\'Om'enl")]lal" COme" 

.,"th '" L·.i unction. T june! ions "n<'l Y -J uncftons ,'~ti"ficd the llefinLti'}l1 of ~ ml11cr a. 

o IXllm wh~re Ihe 1"",,1 aUlocorrelallOn of tlK- IInagc "'lcn,"ly i, hith. ,<0 100 (lid 

iCX'JlIOn, in the imag~ wIth sil'nific'lJlt tc"tUTl' _ ' Ioc HafT" <l~leC'!OT <kt~cl~d ""1'Il~" 

wcll and had a gc,,)d lI}callzalloo performance 

Another "11))011,'nl crilcrion for 1\1(' "'C of a cor"",r <icTcctor in ,mr "pplicallon is 

eOTl,i,t~"cy of r!cle<1iM_ R"l",,,"biilly e'plicilly cnmp:m" the eeomeTric st"h ility (}j 

thc (ktecTCd corncr\ hctwccn Tile lWO image> (}f!he ",ene token from di ffe '-~nl view.' 

A mmer is "rep"ale<l" if lhe 3D >Cen" point ,n tm, first Imagc is aho dClcctcd Ln tll(' 

,~cond onc, 11-.e repeaT", bilily rote is U",n tile percenl"g~ of the tOlal ohserved IX)Jn(, 

Ln oo(il images 14 11_ In our "pp"""ch, COITler deteclion i, nm a fin,,1 re.,u lt in it, own 

fight bu( morc an input fo r furthcr proccssing, Thel'cforc. !he True pcrform"nce 

cril~,-ion, w" fed. i, how w~ 1I (]'" <kteetion prcpare, it>Glf as lHI Input 10 s ub~qllcn( 

algori(hms - in our Ca,e lm, con",,- malching and homograph) c,tim~tion, Thc Ham, 

deTector is f(}und to be computationa ll y efficient: it, computation i_, indepenuenl of the 

LIl"lgCS an<'l also C:1Sy!0 implGmcn!_ 

rh e mn-elmion-h",ed ma!ching approach we use pf()vide., re'LSo"'Lhly gO{ld match~" 

Ilowever, tile pUl"li\'~ malcm,., oblained ,how ine\'itahl~ mi'm"lch~,_ The matching 

error can be (letermmeu from the number of b I"" malch~., ohlai""d when estab Ii 'hing 

IlK' fealul'c cOl'rcspondcnccs in thc imagc>, Only oVCl'lapping rcgions in tlK' im"gc' 

wOlLtd oc con,idcrcd lind a JJl~1Ching cl'l'or detcrminc<'l from thc tfllC an<'l fals.c m"ldIGs 

in Ihis rel'ion, Come,-, that do not app"ar in hmh Imdg~' wOlLld COl'flJpt Ihe malching 
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CITO'. A malhcIl"OiLe i"urn,,,lalioll 01 d~lenllLning Ihe Il~,tdlLng er .. ur (00' repeatahility 

rate) ('an he found 111 140 and 41] , 
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Chapter 4 

Robust Transform Model Estimation 

and Image Warping 
"j nol unly "'c lhG brain (h~( 1 have, bill "II T ""11 hc'ffOW.-­

\Voodrow wil,Ull (lR5h - 19~4) 

O"ce Ihe f""mres huve be"" detecud in {he imaKcl, ",,,1 Ihpjr ':l!rrr'.I{JnI"/I'IIN.\' 

('i>lali/i"lIed. the nwpf''''1' funnion Ilw, "'''Y be used IV "ilg" t/" images um /1(' 

l'I>I,,,,I1/eel. ;1., Ihe image., "<'qliil'cd hy rhe C"'''C>'il {Ire reim,,,/ by " homogmphv, w,. 
describe Ihe I"(>/IIN ("Ii",,,'ioll oflhi< Ir"IJ.~I-"rm hy rile 1I,\,·V.';"r uiglll'irhm. !lIt/Wlllih 

Ihere are ",,,,,in!; nbjed!> In 1/'" .<e('IW, ,,,,<IN IiI(' tinmillan! IIImif)/1 aoUlUllplio" ill<'.<e 

arc! II~ateJ Ii.' ,,,,t! ia.' /0 the dominam e",n"m mOlion Ih«' {he homograph" deseri",'., 

4.1 Introduction 
Tnm,rorm model> may be divi(lotd imo two broad c,,(egorle, dependin" on (he amolLnl 

of image Jala (hal i, lIsed u, a loa,;, [or (kif Illppun. A global model i, composed oj 

a ,il1g l ~ set of m~ppll1g funclion par:LIIIC1GT' Ihal map' th~ enTire image. In OThe, 

word,. a ., il1gle alllaliol1 maps each poim in the onG image 10 a l'oITC\pomhng ]o.::ation 

Ln lhe olilcr image, ond t~ parameTers ()flhi, equation do l10t depel1d on lhe imagG 

location. Ralil~r. all p"rb e,f the image arc u,;ed Ie' c'ompUTe Tile mapp"'!! function 

paramekrs. 

In comH"" for local lTlodel, the mapping: of poil1l' llGpcnds un IlK' 1(J;:alion of lhe 

point in (ile image. The locol mopping fUrlClion, trealln., image a, a compo"liol1 ul 

se,eral smalkr patch,," and s.o t);,; paramclcrs of rh~ mapping I\lnction need To he 

Jef'"ed. Only rele\'am local pans of the lmage for each sd of local par'Hnel~r> are 

used in detennining tile locol (r",,,t''''nmi(~,. Local model' are not required for the 

applica(i()n, th i' Ihe,i., irK)h o( and are ,wt di.,cu"ed funneL 
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/\ Iwmography rdal~S allY IWl' 11II"gG> 111m are caplu,cd hy a camera Ihat rotm~, about 

it> oplical cclltre, '" i, th~ ca" with 00' jyr:;. ('a"",ra. It i, This tran,f(>(111 we liSe (0 

fine! thG inlln' from the puta'i\'c m"r,-ile' tound ,1ne! ",b<equenil y alrgn Ihe in",gc" /\ 

'ob ll ' [ ,'<[ltnato[ "u,,<,,1 (Q c"inM'e the homog,aph, Ihai '" r\:,p(H"Lblc I", ihe mOlion 

o[ I h~ m"il',ity L'[ the ,'l'fller', which we refer to il> Ihe dom",,,,,/ motion. hlJ1hcr, 

lInie" tile ,(~ne " (ill1[~,ed with many moving oilJ<'o" (ili , IS ",,"nk:d 10 bc the 

Il~~ io" of I he (' ;,,11e,.' wilh ,esjXd 10 Ihe ,I ali~ ba~ i<g,oumi I [3, 30 I, 

4.2 Rohust estimation of a hOlllography 
If e~aniy tour poinl 'Olr,"p<)I~bK<" "re given, lilen pro,-ided nO lilrGe [><)inl, arC 

~olhJle"r "" ~"a('[ ,OILLlio" toll' the malr", H "jXJ,,,hle 111", is rcfel1ed to ,I.' the 

mlillmai ,oiurion. T he_e four pOint (oJnspond~n('~' cnn '11:mually be <deOe<l anJ 

Ll,ed [J) gen~T'at ln g a homog,aphy, "Il,. minimnl <oi ll1ion "important "S i1 .!..:tine, Th~ 

"ze o[ illC ,ub,~b required Ln robllst estimation algOrithm" When p<J1!ll> are 

ll1e~,ured Illt,xaLtly , ~"d if more rh~" [our slLch cOlTe'p'mdcnce, ~re gi\'cn. tl"'n tht' 

COrrt"lx>n(knc", a,~ nor rnlolT.,. compatj hi ~ v,-'ilil any proJ,·rrive 1';<Jl,torm,,[iQn. Th~ 

task ~t h'lIld [hen beeo""" one of determining the 'best" transformatio n from tile data 

a,'",lable. This" ,,,,hiG\'Gd hy tinding Ihe lranstomnalion H Ihat minimi:<~, ,ome COSI 

[unction. There me two main categories o[ coM (unnion. those hased on minimizing 

an algebraic ,,'TOr. ane! 1I)(1 ,e ha",d on minimizing a g~ome(ric or qo(i,(ical di'tonce, 

TIl<' laUer t )-l'" 01 ~u'l flln~tion I, II s<:d in lill' rr.;",w'ch and i, now b, idly <'X plai ned. 

lhe ('ost fun<:tion we mlnimi7e is tile .\\'"""elric tram/a ermr alld thi, function is 

ba".;d on the lIl<,,,,,"','[l]ent 01 g'ome!ric e!i'lance in the im.1g<',;, Th' symmetric' 

transkr en'or cun'1<I<.·" Ihe lor,," ard (H) and bxkward (A'L) rran,fonnntiOlls, and "l m< 

the geometric e[[(M-:S cOITe 'ponding 10 the,~ (ran,funTlaliom, Thi, error " given by 

'\' _L·' , L.d(x,.H x .. )~+d(x,.Hxy (4, 1) 

The r;,,1 terLll III till, ,um i, the Iran,[cr <'fror in Ihe (uSI image ane! the second term 

th~ Iramf~r em)[ in the ,econe! image 111e e,(lmated homography" III<' oil<" lOr which 

eq"alion 4, I is nllnilllLzed , 
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+ 
-+ , 

I'i~"rt' 4.1: S} mllwl ric 1 ransr~r error wh~n e51 inmting a h"m"g"~ ph~·. The poinl' 

, an;] ,'arc liLe measured ([lflisYI ]loinl' Usi ng The n"MLOIl d(x,y) IN lhe 

di 'l"nc ~ heiwecn -,andy. symmetric 

'J wo m()r~ p<JlnL' "on],)' elf ll(jk ""- TllCllILcm,;J JlC\l, 1\ In()(C <kluilcd (];"",sinn on 

Ihese I"'i]lb, a' ,,<'II as (>11 Ihe ('c'mpulatioJ] elf lll(; hClnlClgraplJ)' ill ~CTlcral. enn be 

founu III 11'1 1. "II..: [;"( ["Jim rdale, to llL~ r",~k:lliJlg of Ii", lll"'''''lc'''~''1 ~"O' U[ 

no's...; In ordel to "MIa;" all optimal c,tim~te of I L ;1 i, oct'""ary 1el have a [",xle! fur 

the nOIse present. A co mmOn assumption is Th:H (h e noi,~ oho"y' J (j'lU"ion 

rrobabilily di,tribulion. Till, ""LLnlrxiclJ1 Ilot Juslified III geJleral. in that ;( takes no 

account of the rre,eIlc'c of grossly erroneous rnCasurcmclll, (Clull,er,) 1Jl the "" , of 

mafCh~,_ 

TiLe s~con d poi nT conc"rn, the ,~I~CTion of a coord inote sy'tem for the computmion of 

H, III the appruach we IC,Ilo". pCHllb ill the images ano r'am;bkd so 1I1011h"i, centroid 

j , o! tl-,., (~'igill "nd ore then s<-"I~d ", th"t tm, a\'er"ge d,q'''l<:e frum th~ "rigm i, equal 

(0 .,'2, The reslLioin g tr3ll,f{>rmalion is thell applied to both images illd~pendently_ 

\lormalizing th e d "la hy translming ~]);j scaling th" image coordinates is e,,,,nliaL 

010cr Than imprn\-' ~d accuracy. a d'IW-nOnl1ill,zing step allow, f<~- ~n "Igori!hm 

m>'ariallt witiL rcSpcCIW arbitrary dloices of the ,calc nnd coordlilaTe origin, ThLs 'Iep 

undoes the effect of ('{xlrdillute ch~ngc, hy dfeClivl'iy Ci1()\),illg a canclIIical 

coord in ule fr"m ~ for the mea,ur~d dnta . Afrer the inlier< und homog,aph), hove r.,~n 

fOlllld.lk-nonHaiuarion is Ilwn perform"d. 
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As is ub'L'rvc,d In Ih.: '~~lion on IIt~ feal un:-malching sl"p of image r<:gi,t r"tion, du~ 

10 th ~ motching h ~i n g b'l'~tl on p,oxi ln ity "nd similanty, mi:;mat~hc, fr"qllelltly (X;~l!I 

iTl OUr cxpcmncnts, All as",mplioll or a Gau,,,an ~rror tli'lribmion would thnefore 

nnt Ix; valid. 'Il",,~ mi,m"tch"s, which 'Ir~ ntulie,,; lo til e (;au%tan distrihu(!on "nd 

con '''w r~ly di"tIl rh th~ est imated horroogfaphy . CO!I-'C(lLlC nt ly n~~tl to hc identificd. 

Thc !;oal thcII is 10 tll'lCt Im t'" a SCl of ",licrs frOLll lil" mald.e, so lhal tlw h"'nograpby 

can he c,tuJlalcd I!l an cffecli.c matlTlCr. 

I{i~ id motion impose, cOl1stroin(s on (h" rrootion oj points helwe~ n ima g~s. "hicil tlw 

matchcd po ill!s hc(wccn two vi~w l nccd!O ImJSfy, h, (1m (hesi, RAKdolll Sampl"'g 

C"'ISCII'US (RA:-.ISAC) 1101 "uled to aUlDLllali~a lly "OLrlpU(" a homography be twc"n 

two images. '11-,.., input to toc RA,\SAC algorithm is the ~,'(! mat"d katllr~ 

C(HTC'p(~ldcnc~,' in The imag~" and the oUtp Llt is The estimmctl ilollwgraphy "'Ih a I ~I 

of illl~r"' l poil1 t, in cOTT"'p<m"'-'occ, roo other a pnori infonlla(ion is r~quiwd. Four 

cOfr~,pondenc~s d~te rmille " ilOmogr"phy. ,'0 the I" mpil' "i7~ ll,ed i. tour, With 

mi n ima l :;e1,' of tCHlf C(HTelpond ~nces r~ ndom I y ,dcc (~tl. cach sel generates a pUlative 

hOl)wgraphy. Ta~JTlg 1l",rC tilan four p<,inls "il1cff~ctiv~ a, the pmb"hility of rinding 

a random """pl~ oj il1 ll e r malch~, d~cr~""el wit h r~'l",ct to 'ncf~.1 I in g sam rl ~ Si7~ 

rhl' ,uppon for "adt sampl~ sd i, me~'\\l"d hy applying the- ilOLllogr"phy to all lh" 

pOl nt' tn the inl",,1 mJtc.h ,~t. ~nd til ~n counting the lH'\l1h~ r ol Ilhltcil ~s wiThin a 

di-'!,,,oce lh .. ~shold (ito our ca,~ the ,ymmctrtc tt anskt crror), For tlw RA:',SAC 

algori lilllL a tle~l sion l1c~d, to be ",ade rCf'drdillf' th" numb"r of '"LrlpIeS "\ld th~ type 

of '",\lpk ,~I,,~tiol1 tak~n. Fi"tly, d ~g~l1"ra(" samp l ~' in whtch t hree of lhe four 

jx.itots are (.o lhncar arc di :;<w dcd. hecaLl s" a h omogj'~phy can Tl ot Ix; gcnc t>llcd from 

thcm. :-.Ic ,\I. sample, lil,,[ ~OT\"I't of poi tl[s ",til" f'(xxi Ipalial di,tnbtllion uv~r thc 

images arc SOlll'll!' j\s rev~~lcJ l!l 1191. !i.e c\ ltnmtcd homof'r"phy ",ap' a "'f'ton 

'Iraddicd by lhl' cO"'I"Ll"t;OT\ I")ml'. bm th" accuracy g"l1~r" lly det~fior"t", with 

dislal1c~ from Ihi, r~giol1, Thi, i, kn own "~ the ex('"polmiol1 pfohlem "nd hamp"r~d 

our early "ttempt' to e' t i "'"t~ a hOLnogr"pby. '111is prohl~1l1 i, d~" ll with hy ~ nsllfing 

that the im~g<" used are w~ 11 tex tll,-~d '0 that til e d~t"" t~d CCHll~rs ("nd hellce putativ~ 

matches) hav~" f'ood 'p"li"l di,tril1Ution ov"r bOlh im"ge" 
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To CUi down Ih~ n>ll1pUl.1.IIPnal com of IOC KiL"SAC alg{lJitlllT). we env i<~ gc th~1 ~I 

I~'''t on~ hyprxile,i :;ed motion will he do", tn tlw IrLL~ JIlOI10l' we wi<h to nht"in. It 

IOC propnrtwn 01" ,,,lid d~la "11(,'), ~lxlthe m,nlmum numocr of katUTGS rCYLLlr~d to 

I'mn."\ hyroth~,i, ism. th~n the probabliily, p(M,) lh"t a {',,,"feCi hy!-'olh,,,i, h",; heen 

Cl1<'OlLLllered ann ,V llerall()n., i, .1pprnxiwntdy 

(4.1) 

1\ ,'lOppmg ,'o)],],,,on il U'"~lIy del~nl1Ln~d from a Jc"wd c()nri<koc,' Ie,·d. m .>u, 

,mpiernem'lIi()n, wc U'>C" p]()babilityp(M,»'J'Yb. WhLL't 1"( .•. ) i, gCllnaliy toul 

known in adv~ncc'. a lowc" boUlld Ccl" I .... ' ellim,i\ed tfOm IOC brg"" p(v) ()b,,.,,,cJ. 

An aJJiti(),,,J ()plmml ,':;li'''Jllon ,,,d guidcd n);}tching ,t~ p that can lx lln"led uIll,1 

lh~ nlllllhcr of corre,'p""(k"ce' i, 't~hle i, otten pmp"",d, Thi, slcp " h()w~\~r 

,>mined he re , 

To ,,,,,nnCl'i,e, in RAI\SAC Ihe '''I'Port for a ,,>iLLli()ll i, Ihc ",,,,,lxc of 

c"rr~"}('1llk"ces where the ,"TN i, helow a gwen thn"hold . Tf", "'n'Tll!lh or Lhi, 

algori1h,n Ile l in 11k; bel lI"'l tt is lik~ly to t111d ~l le'"'l one "Lmple lhat only CooSl,t, 

of illlins alld lhu :; result, in a g,-..,-,d esrirn;ne of the reqUlred homo~raphy. Til<; rohust 

Clttmnlm duhl-""d ~lLES1\C (\h,imLllll L,kdihood E:;timalion Sample Con,en,u,) 

I~()I "d()p!> the same samplin~ 'lralegy '" HANSAC ill g"Jlcr:lling putative ,,,Iltlion,, 

to Ih" h,>"><"g"Jphy and th,en s~~king SLippOlt ill the r~m'mllnl' "",tches. Unlilc 

RA!"SAC. wluch cOLIn!:; the' "'lInlx,. of mnlcl"" th'" .\uppmt the ('urr~l1l homography, 

MLESAC e,'aluat~s the I()g likdih<xxt 01" the ,olution 1,",ng "Llo :1('('Ollnt lhe 

distributi()n of oLLlii~,-s. Em){l, HI MLESAC ~re 111,-...klkd ~s ~ mix1ure rrnxlel 01 

G~us>i~n and unitOfm di,nihution", Whe",;c, In our impkm<:ntallOl' we IllHilImS,' thc 

symmetric tnln,k, errrn·, thi I .1lgo' ithm is ob,'efved to minimi"e the rep""i,'cl;"" error 

fuoction 1191. As in RA~'iAC. it i, cnvis~ged lh~l ~t I~alt olle hyp()th~,i,nl 

h<Jmography w til be close to Ih" true' Om' if :;nmpl i ng and eV~I<I:\li(\n are repealed ove r 

a larg~ numhcr of samples Whilsl lhi, alg()rlthm is not uled in 0"" final 

impicrncntati()n it ,hows promiSIng impmVell"'nl over II", well-known RA:.IS,\C 

Funher d~ta,b OLI Ihi, algorithm C~n l'" 1",>"",1 in 149 Md 501. 
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4.3 Ima~c warpin~ 
Once th~ hotl)ograph), h", [><,~ n found 1\ tl);,y k 'Ippl i ~d to 01]~ of lhe linages to aiJg n 

it wilh lhe' '-"her. The la,k or applying a known tran,f"'fll "ti (lf, 10 ,I ll ima!,-c" is known 

a, ifllag~ warpm~. Tr"n,fonllin.~ ~ach p" .. d fnMl1 th~ fi"t im~!,-~ u,inS the ~'lt lnat eJ 

hom0f! r~J~1 y (forwJrd npwo;lch) ,,,,., Id r~,Ldt ,n hole, and lor ov~rlap, in the vut pU! 

ltll:lge du~ (Q di >C~[l'ar i on ., ,,d fOunding . T~lC' back""ud al'proa~h t' therdor~ u,ually 

wk~n. Firs!, !h~ jnv~r'~ In" pping is app lied 10 the oulpu! ,amplin)! gnd, projc'Cling il 

onlv lh~ !nput. T ilt rnull " a r~,arnpl ing griJ sp..::ci fymg lh ~ lo~"tion ~t whi~h Ihe 

inpm i, to b;, r~"\lnr led, Th~ input Image i, th en qlnpkd aT the,e poinrs and the 

valu~s as'igned 10 rh~lr resp~ctjve vutpur pixels. Traditionally, l~lt Samplmg Thc'<J,-.:m 

Jcfincs re,arnp ling: A continuous signal Hlay be r~C()n' lructcJ rrom ils sampl~s if th~ 

Sl gnal " baml- hmiled and rh~ "-'mpling fr~gu~nc)' ~,c~~(h th~ ,'i"IjUi"l , ~te. 

Th ~ 1' 1' 11 comii! ion Qvoid, 'lXctw Wilh inr",ile a!enl thm = irnpo,sibk lO rcplJCalc 

without ove, I "I', llle second condition refers to the mHllmUrn ,amphn g frc'lucnc y I, . 

prc>~nl '" lhc ,ignal, the N)''-lui'l fre'locncy " llw minimurn distance l>e tw~m Ih" 

,peco ra copi~'. exh WITh handwidth / :",. Le1[ing -', be a ,e l or poin ls hx:~,!CJ on 

(4 1) 

Ii" th~ input , igna l " band limited tile Qrigmal 'ignal c~ n then b~ perfectly 

recon'tructed by: 

l(d I), ,ine(", -x,,)sin«x, - x,, ) (4.2) 
( . " 

The "'l~rpolal , on is acl"ewJ by lilt CO\l\"lllli(~l of UOC" imag~ wilh ~n i'lI~rr(\ialion 

kemd. AlihOllgh lampl ", )! illtO£I' ~'labhslICs lhe sine fun clion as lh~ ,dc~l 

mlnpolat ion k~rne l. it i, not su itahk for rr~"tiL,,1 Jpp l,,,,,uon, due to If' "'finite 

dlS lri bution A numl>er of ~pprox"" atio,,, are propo,ed in lit erature. for ~xalnpk the 

,,,,,, .. est neighbour. bilinea .. and cubic sp li ne rnctho(h vI' inlcrp,-,Ia lior" A IhorOllgh 

discus' ion ()<l i ln.lg~ resamp li ng C:I<l be fonnd in [20. 54[ to which th e rcad~r i, 

roml~d to . These rd'cr~nce, also p",.'iJ~ llw m,uhem" rical background on imagc 

"arping meThod,. For- a rev iew of linage wa .. ping IrIClhlx:b [ i5[ prov"ics a gO<Xl read 
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ami ncdlcnl rdea'llec, on Ih,' IOp ic In ,-",1' impl~""'nt"llOn, we u,~ MATLAll's 

imlronojurm funclion fe, lrilll,form OUr """ge, xco ,-dmg to the ~'t'mat~d 

hOlllngraphy \\'c UI,' IhG 1"IHlcar i "I GrpoJ~lion kcrnel al the default fNl1l 01 

interpolati()n Th~ [k;~ I ,alJOn shows Ill<' rGSU 11, of til<' fqo:iqrOlion of I wo i "'Ote, 

4.4 Experimental results 
Thc d,'lCdGd wrnef.' "nd pmJti\'e cOrr~'l)()lldem'e, thai ,nvc '" the inputs tn lh~ 

RA.\JSAC algorilhm nrc le"" .. 1 u>; rn g the techlll qu~, (kscrih~d in Chapter J r hc­

{\(:fault valu~' for loc nu mtxT of RANSAC IIGr~lion, wal I<'t (.<, 1lI00 'md Ih~ miler 

Ihl<'lhold d,>\"ncel = OJ)(JI, As "II the im~.g~s used gav~ ,illllbr ,,'suits, only Iwo 

il1lag~ pairs of ~ , tati,' ""L'll(; ar~ shown kr<.:, Figllr<.: 4,2 showl ">laTi,, \"GTH' with lilG 

only nlOwm~nl being th"t due lO Ih~ "'lin,,,". Figure 4.3 ,how, " ,lallC ,C~nG 

cont., in", £. both c~mera motion and an indqx:ndenlly moving ()bje~l. 

24llx320pi"d" (BoTtom) R/Il\'Si\C ",liG";: 60 ~o1T~,pom]..;n~~> fl'om 90 pUfnt lw 

m'llch~s l'Ollsistenl with the e,lim:lted Ii and the "Ii,.;""d im"g~'. 
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Th~ lIII.age, are 240x320I'ixe[s, (Bollomi RA)JSAC inli~rs: 50 corr~sponJe"ces 

[rom 7() plIlative m.alch~s con,istern wilh the estimmed H and 1m, aligned images, 

Th~ cc)mplIlatiorwl dticiency of RA~SAC can be impnwcd by considcring lhc (wo 

[actors (hal (m, sl""cJ deJ!t'r.us on: the ",,,,,ber o[ ,ampks drawn lc) ~LLaranl~e 1m, 99% 

confidence leyel to oht"in 0 good eSlimJre: "nd the lime ,'!","" evoluJting the quo lily 

of cach hYPOlh~siz~d mod~l (this i" prc>pOrtic)nallo [he size of the data set). 

4.5 Conclusions 
The estimJr ion of rhe homography ,"ing the RAKSAC Jlgorit hm is nor affccTed hy 

inJcpendenl mollOn withLn the s~~nc (provilbJ (he maiority o[ muving pixeb belong 

to the hackgroLLr.u) or ,light changes in illuminalion and ,hadow,_ Despile th~ 

mism;ltches Ihat wer~ encounLCr~d, the im"g~s could qill be oligned lIsing thi, robu,t 

appl'OJch_ Ilowever. on)' rno~ ing "".lens in lhe ",ene "p!"eJr 0' ·'gho,'t'" in Ihe 01 igned 

llllagcs, 

34 
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Chapter 5 

Sequence Registration and Mosaic 

Rendel"ing 
"r-kn In\'(' IllG nGuil ror ,()mG gClL'lI' Alltl.: gwiu, T have li es inlh,s: when T h,lve a 

,uh,Wct 111 hand [ sludy il r,,,fOlll1uly. D"y alld night it j, kCOIG rne . :>1)' mind 

becOIl1~' rtO"-,,,bl w;lh IL Then Ih~ effolt th,ll I haw lna,k is "hat rcopk arC pkdSGJ 

\(\ cnll gen il",," 

Ab .. LlLUcr Hmflji[on ( 1755 - 18041 

[" Ihis rlwplN W~ <'xt""d II", I"."rcdw'c "s(,d /() ,'eg/sln Iwo ;nw~e' "lid use" /() (lfig" 

Ii ,WIIUi'!",," n! \-id~{) fram,',,"- I !,~ rr~ati"n nf rI,,' r~sultiHg mos"" ;,r achieved II) IW(J 

Jlag'-J,- S<'Il,,,,na rt'gr.<1rati"" liml m,,''';'' rendering. Seq""""" r~g islwri()n enimates 

r/I(' POIII' currnru"d~''''e_\ ""lI1'l'l'n 1111' fmme" /()" Rio/wi model o{rll,. .requ,."ce, The 

relldering SUI!:" is I1chi~,'('(f by upply"'g" rClllrwr<,d {)I'craf(l r ovcr 1/11' n'gi'tNP,j and 

«/i!tlled i"'''!in. re"ulrillg ill ",';I1gle mumic. 

5.1 Global registration and sequence alignment 
Glubal rcg"tratifllL c>.ll1bli>t.c, 11 111l1ppLlLg b~twe~n each frame III ~ 8eqn~nce and Oil 

"rbitrary CWlIlG, In Ihe preceding chiljXer, we rk'''liberl how (0 m~p one ]))lJge]o 

~nOlhcr u""g " hurr](jgrapi1y, To Gx tcn<1 this approach lu alL cnllre ,~qu ence a 

['~f~['ence fr"m~ ]mm he chos~n lo which th~ im"ges will bG warped_ Thc d..,itG of 

rde['enc~ frame u II im~[e l y uttech the appea['ance of th~ ['es" Itill g Inos~ic_ 

If trn.re " sllffi~icllt u\'crlap LLl the frarr><:.' oC the "eqlLc,x,c ocing ,'oll\idcred a fj"eJ 

['eferenc~ f[,Jtl)e can "" ('hO'~ll_ and all the hO))lographie, ""twe~n ~och imJge Jnd the 

fixed one computeJ_ n,e hO))lographies U'" then used to "'""I' ~ach il11ag~ l() The fit the 

COllient of the ['ef~rence fra))le. Thi.' i, known os [r"",,, '" .fixed fr"m~ regiw-aTioll . In 

Ih~ ,equences Ih<lt w'e c(lllsirk[' the Images ~['e registe['erl with ['es,,~cT til (he fiN 
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frame. Ilowe"~r_ in ,ome arr l ic~lion"!l,,, ,efe'~nce frame may not corre'l"md to any 

on~ Oflhc jj·~nlC'. 

Wh~n !h~ '~'Iu~nce 'I",n, "wide a,ea the mal~hing oj fc-aw,n i., m"re I'Obu't between 

conl1guo"-' frarn,·", A, a homograph} is a I;n~ar ol'<'mto.-. (he mappin",,' be/wee" non­

,-orlliJDlons fran\('\ ('an bG coJ\\p\Ilcd by >cqll~ntJally ,"nIHplyi ng (hG horno~,arhi"s of 

'he ",-betw~~n rrnm~'. 1 ... , fI •• ,' .1 "" 'he homog'"phy helw~~n II", ,~tefen<:e fr"me 

"nd the j-lI'S! IIl1~ ge frame. TI'" global ,egts!rat;on is detllled by the sel of 

h0Il10llrarhies {H ,,-... .- ,I 

(5.1 ) 

On('G lh.: Hnag"s han' l><.:c " ~loball)' aligJlGd lh.:: Can be ('on"dcrc'd 10 form it 3-D 

'1"" 'c-limc cOJllin\l\l m '" ,huWJI HI fig\ll\' 5, I 

i . , .... ,' -

Figur~ 5.1: Temporal Ali~nlll~nl: in the ~h,em'~ of p~ralla,. a tempo'"1 lin~ lhl'Ough 

thG imag,' rlml,', (·om"J.",nd; 10 Ill,' s~mG world POUlt. 

5.2 l\tIos~ic rcndcring 
Mosaic 'T,,"tion 1.< one of the applical ions I'M which image r~gi'lratjon may b.. u,ed 

Having rc'gi,1c"cd th.: ti'~JJ1cs lh.: "C.~l , lq) i, 10 merge' them, Se\'eral i""", lle~d lo be 

d~"1l will. to a('lliey~ Ihi" llle ,hoi('e of referencG fran", or r~pruje~lion manifold onlo 

whi~h llle lmag~' are composi led: whid1 actual frame, Oflhc ,e'llLence ar~ to be u,ed, 

and the chmce l~mporal ol",r,nor to be u.,ed for blellding the 1ma!!", which detennmc, 

bow indepencieml y moving obie~t' m Ihe ,,-'ene arc hand led 
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Rq..,ojeCT1on " tl'" pru,'~~ ' 01 tfan,'IOrinillg ~,'~ry poinT Ln ~""ry "",,,';e lo a roim III 

lhe gloha l coordillaLC fram,', Althou~h [he ,Gl or "''''['.G' ",)<1 honlOl"~ph",, lo"n ~ 

IlK","" rl'j>r"'~I\lat i on of' a "",nc. a renderill!; Ironsjim)/(IIWit T i, needed 10 mal' 

l'nlJl\> lJl the I~!,iskrl'd illl"Sl" 10 PO"'IS in lhl' sloballi-am", Tlli, transform"lion , " 

deTermined by th" cholel' of rcrrvj<'clioll "''''''fold, lh~ ,urra,,~ lhat pial'" lh,' role of 

tile IIll"ging sens",. m the Vlrlu~ 1 {,:lmera 1(' 1. The 'impie-t m"mlold" a pian", mlto 

which all ul The imag~s are reprojeck-d. 111 thi, ca,e th" rendering tran,forrnati"n "a 

homography alI<I lk r~",llI ng """.LI(' ha, thl' c)a,;ic "how- tic form, :--.Iolnhl1', 11", 

planar manifold callnol h~ u>-t:d for ,e'lucnc", lhal 'W~l'r all aLlgie' largn Ihan 90 

d~g .. ee, a, the prujCct,,'e di'tu'Tioll ~I<:Jn' that the m,"a'c hecollJe' infin ite ill ,ize 

Cyli ndri "al and 'pilerica l Ina11l101d, Improve til" "ppear:ll1c" of the mo""-ic "nd C'll1 

hdndle brgc ,weep' of IIp 10 360 dcgr~G" Howe,'cr thc s~ maniluhh reqUIre J ~anwr" 

cahhration 'll'p .mJ lkrl'for~ Ill,' 'lmpk plan,,, pWJ \Xlion w," u>cd III 011r 

Imp I emenTat i ~J1. 

On rl'g]("" that ("'~rlap, the'rG ar~ multiple contrLbulions lor Ih~ ,am~ worlJ puint on 

tf>" OlLlput im",';", A unique illten,ity value that is to b" u"erllh"rdor" I"", to bl' founJ, 

A, tf>" contribution, for the same \\'orlrl point lie 011 U lin" par"II~1 (0 tl-..: lin.., axi, tI-..: 

1Il1a['.~' arC mcrged u,i"g a t~mporal IIlkr , Scvcra l Iyp~s of tilt"rs m"y be us"d to 

c'on,lruC'i [hc mosaic and wnw of lhe com]llonly ",,<:,,1 one' are (he u,"-Iast. lempor"1 

av"rag~ "nJ lh~ l~l1lporal ml'dian filllTS, Th~ "Sl'-laSI ml'lhod u,GS thl' enrir~ contcnt 

oj' the most rec"nT fram e to up<i,lk th" mosaic. imuiti\'dy, this \'i''':lli~l'J as placing 

Ihc Irames on TOp of cIK h oth~r in (he ord~r in wi1ich th"y ar" captured. Each pOillt in 

the linal mO""C com~ i n, Iii<: pixcl \iaill" of 11-..' last framc Th'H cc",u' ih"ted 10 Ih:,[ 

POillL 

Thl' "'~ r~ging filllT (ak~, thl' a"'Tag~ of Ihl' "'l"nsily ,'aILL~s, The' averagl' filkr is 

df~cti\'e in rerr.ov illg t"mporal ooi,,, , II ow"v~ r, if th~ S"'luell"" I"" moving objects 

OIl a stalic background thl's~ obj~"h appl'ar hlurrl'd Lll lh~ mosmC. ThG m~Jian lilter 

tale, tl"" rnerliall of the intemi ty \i" lues , '111i, fi Iler removes ""'S" and mo\'ing obi"ct, 

whose intens il y paU"rn, are 'taTiollal)' for je", t 1'"11 half of th" fra meso 
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0,,,-, inlereqjng form or bl~lld'ng 'In;\g~' ofr~n u,ed 'n ('ompUler grophiu; IS (hal of 

"{ph,, biend",!;. Olkr Ihan Ih~ Ilu'ec [!limClfy colour chatmeb • red. gfeen and hhoe. 

rhe fOL",h "known '" Ih~ alpho channeL Thi, channel conwy' inform.ation "boLLI tile 

,,,,ag~'s rransparct>Cy 'ltW sp~clties h<)W f(lfegmuoo ('olours ,1l<llLi,i he merg~d with 

ll""e in lh~ ba<;kgmllLKl wilell ''''~rlaid Dn wI' of ~"d, olher. Alpl", blending T.h~refore 

cre,Hes fh" dl~cl of Ir In'par~ncy hy ('omhi ning ~ tr'LL).,lu~~Llt fDregwlL LKl w,lh a 

ba~kgrmLild colour W cr~a!e an rn·bdw~~n bl~nd and c~n be used to gradl,,,lly fad~ 

one image inw anolher. 

Th~ eq llalJOn used in "Ipha hlendmg is: 

lr, 8, h L"",d = all'. g ," L,.~,",_, ~ (I ~ a { 1', ,\'.1, L ..... "-""" (5.2) 

wh~r~ [r,g_hJ i, Ihe red. green. blu" ""lour ch'lJlncl, "LW alpila i, Ihe weighling fadl''". 

The weiglmng fa,lof i, allowed It) rake any ,'~I"" trom I) It) 1 Wh~n ,,,I to n, Ihe 

for~ground is ~mnpkldy ImnspafenL \\'l",n iT. is ser 10 l. it be,on"" oP"'!"" onJ 

tOI"lIy ob<:em", (ile h"dground AllY iLllerrn~diak \i"lllC cr~iLle, a nllxlure of Ih~ Iwo 

illlage, Dr a OClllHnlll'pare t>CY. r'{lf in,l"nC~," value of a=().) would he a'imrle 

",'~raging of pL\.d ,'alu~, In Iloe ov~rl"pping region, 0 "" "'her form of bl~nding that 

('an also be e>chic,uJ b)' USiLl g lh~ alplo.l d"lIltlCl is Iloe n"clrr.<1 ;,nuge anlre. Jlere, 

when ~"n''-''ing ",olue, tmm Ih~ iLlplL{ images. th~ di,'lance of lile ,amphng lc",:ll;un 

lromthe ,]ll~ge cenlJe i, olso computed. Th~ ser of,'alue, are rank~d ac~ordillg In lilis 

distaL-...;e. and the catldLdmc ell'Se>1 10 ils ill)'lg" ,"till'<' 's tal::~n as Ih ~ oU1J}U{ p,xel 

v"lue. This i, "c hi ~,~d USiLlg t;1;\ I'LAB's "",disi ('lLnuioLl. 

Figure 5.2 on !l,,' nexl pag~ J!lusrmt~s (he sr~I" in formi ng II ITIO",ic repres~mat;on 

fmm 0 '~qllence of im"g~, and rCLweriLlg a no,'d "iew. ~or furth~r details 0,1 LllIHge 

mo",icing Ihe reader is referr~d to work by Llpel, OdOL"', Shum OLW Sulis!..; 15. 6, 

31. 4.1. ++. and 471. 

38 



Univ
ers

ity
 of

 C
ap

e T
ow

n

""9, .. I""I' o n -W-'t , " I ; , 

I ] 
-----

~ I 

' <-) H l : " -
• 

~ 
, , 

'.'." , i 1 - , 

~"i.c"re 5,2: Step> in crea(iJl~ au i llla;(~ Il""aic: h"re the mi rlrHe fr,"1'1" i, t:rlen '" the' 

rdCreTK'C frall'" alld Ihe r"ndering trallstorl11ati,)ll T , )" ft, the (m~in 

5.3 Experimental results 

The' I"o llo"m& ~r" Ihe' r",,,I I> or our approach 'll ">Lng im~g~ regislralwn 10 ~ro:al~ 

uH)Sai,'s, rhe "'l]m'TK'~s W~ usc' ''''''lain n~)lio" dlL" lo hoth the ~aIllera ami 

indepen(icontly movrng ohj"l"t.,_ A" w,,' oh,er<.'ed in rh,' experinwrn" in the' previou.' 

chaprer_ moving ohjel'!s "ppeal '" ·'ghn"r.," in aligned lmnges. To avolLi [hi, w~ 

manipulate' the valu" uJ' a 10 give' u, ulir lksired r";;lIl,s, III uur e"plTiml'nh. we we,,' 

not tuo l'oncem"d "ith ",aIll' ill ,)'" ,inal l11os"ic but r"t)",r wHh how the mov ing 

ohjeCls "1'1'""r,,(1. rigu l" 5 __ ' sho\\·, th~ dleet of alpha bic'ndlug on S frame's of 1"0 

pcx-.pk moving Ill" tidd , Tk ~ i lll hn'C, wllS lu L"iirHllla(" ghu'(1 app~anng in (heo !'inal 

JILosaic. Figu"" 5.4 aad 5,5 show how alpha blendil1g wa, u,,,d to creaie 'Ill """cr of 0 

llK)villg per"m ,adillg oul ,md gradu"ll\' "rpe'Jring_ respel'!ively_ in a Ir.-h om,' 

,eLju"n"", This w,,, (lo ne hy ~h'mging which fr"me W[lo, "om,i(1er"d ~ s (he bockgrouJ).d 

and which wa' (he bacl g"'unJ <n equa(iun ),2, Tk firsl S fratnl" Wnl' bkn,kJ 

tog,'tkr. as ",,,re the Im,t S, Th" rmal Il'SUit "'as obtam,:d by m"rgmg: Ilws~ l\\o 
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Figure 5.~: Field ,equenee ",,,,,lie (aJ g [nmlGs of two p<:Q[lI~ I1l()V;ll~ ill a Edt! 

caplllr~d hy a movillg ~"lll~rn (ll) R~'"ltl1lg """";,, u,;ng alpha kllt!ing. a = lll.lld k) 
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Figur~ 5...1: Road s~q,,~n~~ mosaic (a) [irs l A [r"m~, ami (b) la,t B fr~m~' hl~nded 1(} 

cre~Le 1 wo lllosaics. I c) The over~]l mosaic 1I,;ng ~ 1 ph" h Icndmg (a = (j.2) to g;ve (h~ 

df eel of (he mo";ng person falh llg OlLl. 
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Fi!:urc 5.5: Road sequence mosaic (Oll first S frames "nd (b) la"l):! frame, hlended (0 

aeatG (WO mOMic:;. (e) The owr"li ",o,aie usin)! alpha hi ending (a 0.2) lo g:ivc thc 

err Ccl of (hG mo\' ing: pGr.,e)n g:rad 1I:l Ily appeal ]ng. 

5.4 Conclusions 
ThG nip)", bkndi"g de"" n(lot gel rirl "f lhe ,,,a,,,, in the fi nal mo.,ai~ . RmhGr, by usin;; 

a = 19i,'es a mosaic e'l"ivakn( lo " s",;; lhG IdS( franl<: ,werln id ,wer the t,,,!. [J,i n)! 

a = Oresu ll, in a mo,aic (ha( wou ld have been obt:ti n ~d u.,in)! the use-Ia't method. 

TIlLs f~'l!i(, in vi'ib le ,ea" .. , in lhG ELia) "](,,ai~. TILC ad\'an1:lgc c>f tili, ",~!ilocl W:l.' 

(ha( gho"lo d]d not ~pp~ar in tl", tinal mosaic Alpha hlending """ uscd crfectively to 

gradm]lIy fade out (Of lUI a mewing per.,,,n in by mampuia(ing lhG appearanc'c of 

ghmls lhe ELial mosaic. 
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Chaptel' 6 

Motion detection and segmentation 
"SiIllpiLcily is the lIi li malc ,opimlicwioll, 

-L~(j"nrdu cia ViIK; (1452 - IS j 9) 

In rhis ,liaprer, we look aI rhe merh",/, or leml'{)rai diffe,'en,;n~. Ihre.\·hold1n~ and 

",,,",,Iw/n!!}'_ Having cOlnl'ensaledfm' rhe camera mMim, by (l1if{I1/ng ,mage.', wefiilll 

Ih,' dU!ne",:~ b~", 'een jh~ u/i"",'d ;"'''!:C>' and apply a Ih,.""},,,ld Iv d,'lnt (he 

ind"pmdml ",uliun. The morph()lugical fi/INs Url' uud Iv dimillo/e narrow r~8i()ns 

"fluluiy delected mof;on whiisl pre,.e'vin~ Ihe originul .\'ii:e and ,hap" vf Ih" \1'itlt' 

r~Ki(lt1j' ()f Irue mOlin,,_ 

6.1 Review of independent motion detection 
Ternpor~l J iffcrelK'ing uti lises the pi'el-wisc d i ffer~nce, beTween two or Three 

C(\J],ccu!.i\'c frOll"ll!S in an image SC qllC",~ (0 detect motion Jung ond Sukhatme [24J. 

111 ~n appruadl VeTY wnJim to Ihl' (}fl~ ''t. u s~, gennall' J1IT~rr"ce iIHng.e' wllO,e 

no"naliscci pixel ""lues r~r,esel1l lh~ prooabiliiY of lI\lwing object<. The' ,i£l' anJ 

position of [he 1l1{J\'ing nbjCC1< ar~ e'tim31~d Lhing a floyes ian formlliation oa,~d on 

the :;eq"enc~ of d ifl~rence i m"ges. 

LiplOn ~l ~I [171 " 'c a l'l'IHb"'"i LOn of lnnpo,al JiITncJ]cing: allJ Lrnage lernpllllc 

malehing to aC'hie\'e ~o()d detel'lion. ci.l,,,ficalion and tra~kin,~ pnforrnancc in lhe­

pr~sence 01 dUller. Tempmal diffe ren~ing f"ils if the la'ge! is (),,"'Illded or ,"",,,cs it, 

IIlolion. As sllch Th~y clHllpi<"<lwnt th~ tcrnpntal JinCf~tK'ing. w,th template mOlehing 

lhal i, moSI wOll,1 ",hm lhe larg-d is ,laliuna,y. )"lo,'mg largel, ar~ lhacl'or~ d~l~ckJ 

usi ng tempor"l dlfferencinl! alld the lempl"le-m"IChinl! algoriThm trained, The l"rgels 

are the n Tf"'-'ked llsin,~ Ie mp late malch i ng guided by the temp'" a I differer,,-, i nl! 'tage 

In tlwir approa('h. PafJgios and Tziritas 1361 oddfe% Tlw Jete'-'linn of lTlOv;ng objects 

an<llh~ir lu~aliLalion in lwu COll""CUliv~ irnag:~, ill a "-'yU~lll'l', Thq- a'gill' lbl lh~ 
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bo"nd~rics or a mo vi ng obJCCI C.1tlnOl Ix: 10C,led prcc,,,,ly hy mter- [ram~ difkrencing 

alonc, In , tcad Ibey propo", " "ali , tic al fram ework to modcl lhe difrerelll'e Hnage as a 

mixtu r. oj two zero-m~an gener"ll1",d (,an", ian di>.rrihlllion,. Jr>d then ,,, . a (;II,h, 

[Qndom /I eld for d. snib,ng Ihe label sct, A nl.1~inlUnl a pO,lcriori crilcrionl> n,cd 10 

adapl,vdy d,'lcrtn in,' If,,' lh res ho ld for lh~ dCkCI '0I1 of THoLion. rilc , talis tie,,1 

framework mcd cnahle, g00<l re,nll, 10 he ohtaincd e,'en in the pre,cnce of camera 

InO(ion pm\' id~J litis n)Ol1otl II CSllnmtcd "nJ comp<.:n,ai cd tir;!. Oth~r approa("h~, 

low"rd, 2chi ",'in g ind"Pendclll motion delecti r))) CJn I", tonnd In r I J. 22. 2('1. 

6.2 Temporal differencing and thresholding 
'1 he "mple,t method of t.mpor" 1 di f/crenclllg is to lJh two fro )))OS ar>d dercrmine the 

"b,ol"te dllj erenc e, t\ tilrelbold tunctlon is tben apphcd to dderrninc any changes 

hetw"",", the frame' It I. is the inte",i ry oj thc nth trame. lhell the 1'" . 1 wi ,e 

dtlfercncc [unclion J. , "Ihcn 

(6 1) 

For a slalionary ,'am,'r", Ihc p"cl-bY-P'Acl sul"1l,,,el'0I1 mellllld i, ,,, cd Lo d~l eciion 

mOlion '" for " "r"tie s,'cnc a gi vcn 3D poinl continuou, ly project, to lhc same 

posilion Hl th~ 2D ,magc plane, In onr implem~nt"tion. a moving obj ~ct is der. cted h} 

(indmg lh~ p"d·\\i"~ dilTcrcncc bClwe~n IwO fr"mc" Im\'lIlg nwpJX'd pixels 

corresponding To th ~ s.om. JD points to corre'ponding il11"g' piJn ~ I""itions (thcrehy 

(' ompen,aring for rh . mOlion of the c,"n.,,"\ 

Thre,ho lding i, " we ll-knOlwn Icehniq ue u",d m H""gC ,egmenlation Ih"l cOnWns a 

l11ulT. i -scal ~ im"ge inro a hinary image or /tW"k. In the hin"r}, mas k . "ch pixel ..a lue i, 

represent . d h} "<inglc hinary digi t !n it, "mpl . " loom. thr. sholding i,,, poinl-ha, . d 

opcration th'" ass igns lbe \,"!lL~S of 0 (blad.e) Olr I (whill''! ha,~d On a comparison wilh 

a global threshold T. Thu,. having found lhe pi.\ . I-wis~ ditler. nce function i'l." a 

( ) l'/,.l"."j .. \(IJ.,);'T 
M U.l · = . 

• 0 ,J. (u. v ):O; '[' . . (6.2) 

TIllS ,s lnown as glob ~llhl\'sho lding a, a l ingk thrClhold va lue i, c~1clll ated fol' rl", 

wholl' imag~ , Among lhc many glohal thrcl holding method<. IS lh" popular "nd 
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cffi~iGnt method hy OtSll [,>,>[. Thi , method i, b",ed on an an"ly,i, of the ,hare 

pwpcrties o[ the gTey sen I ~ level loiS/ugmm uf Ihe who le image A 11 optilll~1 lh,-c,hold 

i, tiocll found a~~Ul-ding to ti.: dileTIIJllI.1Ill lheory_ Several ulher Ihl"sholdillg 

meln""h exist and gellCTally lllTcsl",ldmg ll,,;thoJ, C:1ll be glOHpeti ,xcordlilg 10 tt>e 

mfnrmallon they npluLll39 1, TI.:sc nllegunG, arc; 

• Hi,to~ram shape ha",.f mellHJds where the pcab, valIGy, and CHrv,IIHTe, 01 

the 'TJlOOll><:d h,stogrilm :lr~ ,m'·lIY7cd. Two m"jo,- p""h "nd an inlervcllmg 

vallGy are ,el1Tch~J [or Il SHlg 1001> sHeh tlS tl><: convex hllil oftt>e hi_logr"m, or 

i l' cllnatu rc alld zno ~",,,illg, of t nG ",m'cid comj}Ut;enl. Olh~r ,,"t hors try to 

"ppro:<im:'i1e rhe hi,r.ogr"1ll via Iwo-step fUllctiollS 0,- two-ro lG aUlOregre,'lvc 

,muuthillg. 

• Cl"slcriu~·ba,~d meth,xl> HI which 11><: grey level ,"1<"pie' are clu'tered in In 

pans "-, bad.:grOlmd alld forcground (objcCl) or alten1.1ti\'~ly Ihe grey le"e l 

d",,;hur,on;, modelled", two (;allssiall distributiolls , 

• l':ntropy·h ... ,ed meth,,", re,uil in algorithm, for nampic, that mG lhe 

entropy forcgmund -b""kgroLLnd rGglOns, tl'" eruss-entrupy h<:twe~n the 

original aJ](1 bi",,,iLCti i""'ge el~. Thc """",,,, .. H,,,,' "I' the enln1'y ot th., 

Ihresholded image i, intcrpretGd '" ,ndi~"tive of lhG llon.~ imuJH ill fun"n(ion 

rl"lJIsfer 

• Oh.ie~t attrihutc.ha<ed meth"d, ,earch a meam,-e of similarity bGtwe~n ti.: 

grcy-lG,'d and oinariLed images, such "s fuzzy simil~rity, ,hape, edge" 

l1llmbGr of objen, Gt~ . Allemativcly they consider cella;n ,mage attributes 

such n' comp"crne" or connectivity of the objcns rG'LLlling from ti.: 

bJnariLat ;on pruce" ur the coincidence of rhe edge lield,_ 

• Slmtial methods usc tk prub"bil,,) TrW'S functiun murlels Ink,ng ,nto "CCOlln! 

correlation bGtwGGn pixe ls on a global s~alc. Spalla] infuTlnauon o[ ohjectnnd 

hack~rOlllld pixels are also ulili/~d, for e.~ampk. in the [onn ul- cuntexl 

pl'uoaholities. co-current prob"bilitie,. local linear depcnocn~G JIloocis 01 

p; ~el S, twu-d; mens iunn l entropy etc_ 

• Local method, do nOl JelGHninG " 'inglc ,'ahx: u[ thrcshuld lour adapt rhe 

threshold value depending on the loc,,1 im"ge cha,-acte,-i,tics. These mGlnod, 

assume ~acn pl ~ ci oc"inte_ according to iTS OWll model "nd th,-",no ld e"cn 

Pl.~Gl a~cordiJig lo tt>e cUJltexl or ItS model. The vnhx: of the lh re_huld tiepend ' 
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on ""me local ,lali,IIl" l ik~ ran)!c, variance, a",i surface filling parameler, or 

lheir logical combinalion" 

[kladcd Iniorll1nilOLL on Ihc vano", lInag~ lhr~,holding lcchniqlLcs in cach oilOC,C 

catcgorics is f",,,,d III 1391 vd!<:r~ a l'omprchensive ,,,,,.ey of image thre,holding 

method, that both de,cribe, Ih~ underlyi ng ideas of (tJ" "I goriT hms and m~aSUI'" th~i,. 

>'>Criormnnc~, in difkrcm cont~xt,. 

For simplicity, in 0'" implemel1lalion gloh~1 Uneshfllding " u,ed, The ;,lob~1 

t h re>hold T ha, been determi ned em pi r;cally to J:,., ~ I 5% of the d'g iIi T,er' s br;ghtne" 

range, As grey "'ale H"age, are "sed, a vallLe of 1 ~ 40 "applied 10 the difference 

6.3 I\lorphologit'al operations 

:'1ath~matil'al Innrphology " a field of non 1lIlear lInagc pru<:eSSlIlf!, baslAl on 

minimum and maximum operalions and i, u,~d to analyse the gcomell'Ol' 'IrlLl'tLLr~ 

inhe"~ nT with in an image, 'l,.lorpilological operalions allow, for (he ,ystematic 

allcralion of lOC gcon1Ctr~ conlcm of an lIl"lge while prcscrvlIlg Ihc siability of th~ 

important )!eomelril' ~haral'tcri_'li< __ s. An orIginal imag~ is transformed into anOlhL'r 

through the il1l e"'CI;on ,,;th anmh~r lmage of a celta;n shape and size, "hi,'h is 

known as th~ s(rul'{l.Iritll5 dfmew, Geometric featLlre' In The images 'imil'''' in ,har'" 

and ,ize to the ,Irlll'luring elclll~m are pr~scrvcd "hdsl Olher r~at"'c, arC >LLpprcs<.Cd 

['i:;], l\lorphological operations therefore eliminate irre levant ohjed, whi!>1 

pre'erving the 'hnpe of larger regions 

Ilellni!ion: 1 r:Il1"lation 

Givcn aLL 11l1ngc A, th~ translallon of ,~t A hy the j}()int x. <knoted by A •. is dd'ined as 

(6.3) 

Ddiniliun: ReneCliun 

(;;,en on ilTIogeH . the retlection of set H. denoled H i, defined as 

(riA) 

Thi, ope"'tiol1 ha" the same dfed as rotaling th~ inmg~ 180 d~gr~~s abollt its ongin, 

4(; 
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0.3.1 Bina!";\' erosion and dilation 

Tile two ba",' bllllJwg blr;.;:L, 1"0,. the "'''lS[rlLc'1ion oj mOl"pilo logical [)perators are 

em,ion anJ Jila li on T11i, ,cctiOll prt l" llU; Ih~ l""kdytng thcory ot lhes" two 

"rcrat"", 

lldinition: lIinar} Ero,ion 

Em,ion of" b,nary inmgG A by " ,t[lIUUr ill g e lem,"lf Il. JenoleLI I> y ,iSH " 

JGlin~d os 

t6. 5) 

Tlw abo"G Jdill1lioll 0 1' Cm,lun CJ Il be rcddi,,,,d hy <l Mil1k,,",sJ:i ,,.,hrNle/ion as 

(6.6) 

where "·b·· i, Ihc ",a l.,,. mu lllp]e orT h ~ vecto r b by·l, 

ThG Gro:;;o" of The Original il11~gc I>y the ,t",,, tllrin g dcn"' ''l call he Jc,cribcd 

' n[ ni ' Lvely I" lcmrlate translation. formally. glv~n a mask M (I!X,,) ,,,0;] a P" '( oj" a 

A0M 
~ I ir[{'il',;; '= ,I) 1\ (1'", = I:lj 

'[ 0 otl1nwi,'c 
(6.7) 

ErOl ion ,sh ,.inl , Ihc ociginal llnage and eliminalc , narrow rq;LOn l \\,h l] e wi J e,. ones 

are Ihinn",-I, ]"his is ilill str.ltCJ in Figurc6 

: 

0 , 
'~ " 

I f% ~~ 
1 

Z; ~ 
c ___ .. - -

A B c 
Figure 6. J: .\ n emmplc "r Hinnry Erosj"". A) Orlgin~] Image. H) Slr"l'lural 

element: , I' Th~ origin. ( .) Im~ge after em,ion; migin~l in J",ilcs, 
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IIdini!i"n: Hinary lIila!inn 

Wilh Ii ,n .. 1 {I as sru; in 7.'. . (h~ dd'H ion 01 Ii by R (wh~rl' 11 is an i JIlag~ ,mJ B lS 

the stru"tU fLll g element). ,lellO!ed hy i\ 11 IJ. i, detlrled 

A CO R = {;;= 7 ' 10: =" + I!,";= A,";= Ii}, (6 .1\) 

It """ l",, ,hOWll tllillihe diblioll ,< equ ivalem to a umOll of Ir",,,I"';Ol1 ofthl' original 

i"",g" wilh fCS!'<'ct (0 rll" STrucl lIfing "IL'''>';I11. 

!l11D (6 .9) 

Di lalion i, r"und by p lHcinr- 11;:.; L"' ll1r~ ..,J IIll' kmplaw OHr ~ach of 11)<,: Jon'grn un d 

I' ;,e], o r IOC migi",,1 ;m"g~ an<l locn l.,kin g: Ih~ un ioll oj' ,,11 lh,' ""lLJ(inl~ ~opk \ of 1111' 

,u\l~wfing ekm:.;nt. produ~~d u,ing: (h~ Iran,lal ion, Dila ti on hm (h,' dT~~l "I 

expalldlll~ "" illl"gc: '0 cO Il 'eque11l ly, 'Ill:ll i loole, illside the foregroulld call he fil led 

;\, ",i ln nmion. dilal\On can bl' JI~'r~ fo"nall )' ocfi,,,,d a, 

A ®A" 

Th,' eIT"~l of binary dib(i,,)) i, ,hOWll I)) Fi);lI fCO 6 ,2 

-, 

I 

,-----
~ 

x I 
. 1 

I '- ._.....J 
L~ c~ 

B c 

Figlll'c b.2: An n:ullpl~ of llin;lQ' DilaTion. XI 01"i);;n1l1 i Ll"'gl', Bl Slruc(lIral 
e leme nr : x ;, the origin, C) Im"g:e aflef dilalion, ori~inal In da.,k" 

Arl~f having enHkd "n iJTl"g~ 10 reJTlov~ thte ll :lIWW rcgion\, "."der region '> (hm ~rc 

IhinllCd en n th~",j'orc IIC f~'t("wl hy "l'l'ly"' :? ,lil" (1011 with ~ ma,~ of the S"Ill~ S;7~, 

Thi, kads '" In IllOf~ ,,,lv'''lCcd lIlorphologic,,] OJ'M'I'l1l iorl.s; ll'Iofl'hologic~1 opening "n,1 

dosing, 

4S 
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(,.3.2 Bill,try oprning ano dosing 

B,nary ~ro'lOn "wl dilution ,'an be u<.C d in a vaflNy oj way_' In give olhEr 

lran,formatio", >lI"h a, thinmng. lhidGnLng, sl.cklOnJ,atioTl and ,~vc[',,1 other>; . Thi, 

section presml ' lh~ ,"wbl,.,ng lI}COI Y of 1\\10 of ' l1cb ,hlv,"ICCd morphological 

opcrat')f_' ohtmncd by ,,,,"cading: th~ 1",<> I"'>le Ll)u'pllUlugical (}peral(}f'\, TIl<',", ~". 

bmary o"cn;nx and hin"f], do,\''''~ 

Derini(;on: Ilillar)' 0lwn;ng 

1nc pwn'" (}[ c'w,iun [ollowed by dJlmi(}t1 i, krlUwn it, "{"'!JinX Opening of J hin",y 

image II hy th~ 'lnLdllnng: ekIlOen( /J, i, defirl<:d '" 

AoTl=(A0Ilj8f1 

TIli, op.:rmiull hos Ilw dfcct of diminating <n",11 and thin ohject\. and smoothing (he 

lx)lIJl(jari~, of l"rge. ooje~" wi(hout signif,conlly ~han~. lIlg lhGir :1'Gl1 This con he 

Thou ,' hl of mlllili vely 0' "wiling Ih~ ,lfuLturing demml abullllh~ imide hO' llldary of 

lilt im:lgc a,,, Illll'I ['''I~ d m f i ~nre (L \. 

o 
> ......... 

A B c 
Figure 6.3: lllll strn tion of lIinnr~' Ol}{'ning. A) OngJnnllmagc. I'l) STfllc1llmi 

element: x i, thc' origin, C:llmage arler ol"'l1ing; C""lOn follov"cd by dilmion. 

DeJinililln: Binnry Closing 

Th~ pru<'c,s of diLltion folluWGd by crosion il ,'ailed "o,'ill8· Closing of a h inary 

image" hy (he- strllc luring ~km~nt Ii • i, ddinc'd as 

(1,.Il) 

Hinary dosing ba, tllc' c-fkd uftilhng small ~nd thin holes in oojcdS. and ,m')nthing 

the Ixllilldarie, uf ubj~Lls wllllO\l( signiti"anrly "hangu)g (bClr area, elL),ing can also 
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h,' intuitin-Iy thought of ~, "mil ing U,e ,tmClme e knleTlt on tile uulet b"'lndaI)' uf!ll<; 

tln"gc" 

0 ""-, .-

I 
, F--:-l 

I 
L ~xl I ' " I I : : I • S r f , 

LJ I ' , , ,-,-- ~ 

_._ .. _-- ----
A B C 

Ft;:u N" 6.4: Illustration of Bimu')' CI,)!;tn;:. A) On gll1a l I mage, Ii) Slnlc!uraJ 

e ]e'llem: x is thc origill, C) I m"ge after closillg: uibtH)l1 followcd by CmSiL)n, original 

Hl daslw>, 

6.4 Experimental results 
'roc ["II"wing ar~ lh~ t"'Ull' ,,[ OUt appr"ach "n a ,hllft snl ul-nce caplmed hy "nun­

'Wlion"t)' C"lIler~ of" moving per'OJL 'Iwo ftame, wne Jliglled alld the ahsollLte 

rlifferellce bctw~cn thcm tOLln(!, A<; regH"'s th;l! do not ,'pre"f HI both fnllne<; nccrltL) 

oc di,tegwdeJ. tile", wer<- mamwlly croPlx:J uul. :>1"I>'hul"g:ical "pnati"", wne tllcn 

pn[unIl"d (() r~II"-'''- etwnc""sty dcl"CieJ r~g:illf" "I' m"lillf' mal a hounJln,~ OOX ".", 

displaye(1 Jrmm<i the tegion of true n,,'lLon. A, teal-time requitcnwtm w~rc not "n 

lliTi'nalc CL"lC'Cm oj till' tl->;'1S. 110 Itl11ltlg rc,ut!s afe '))OWll Howcvcr. I'mm thc CL)I11Cf 

(\ctCClion all,1 m;lichlng ,ragc. on awr~gc on,- "l'pt'o.W)) lOOj..; nptl1oxlm,,{cly 15 

sccomls tel ,'ol11plel~ tile monon ,ktcc(ion_ 
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• 
• 
• 

. ...... ~ .. ~ .. 
Fjgllr~ 6.5: Ind~p~nd~n! moHon detertion (Top) TWO images of" rno\,;11g per,oJ] 

C"pllU~d hy a J]on-,(miulLary ~amenL. (BO\l(Mll) LhG [mlllC JilTcfCncc bG('~ccn Tile 

~li~lwd iJJlag~, (I~n) and (oc rc.,,,ili)]); boumlin); box around lhe "elected Illotion 

(righT) 
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l'igure 6.6: [ndeJ)end~llI motion d~tfftion 

people "aplured hy a l1ol1-, (aliol1ary GJ.mera (HOl(om) the fram~ ditfer~nce between 

Th e " l ign~d images (left) . • Hld thc res"h ing bounding box Qro"nd (he detectcd mOlio" 

(righl), 

6.5 Conclusions 
In Figure 6,6. lcchniql":;, Jix splilling thc lwO Il\''wl ng: people wcrc ,,<)\ ci;,plorcd, 

Howc,'cr, b{)lh resull, soo" lhat dc'pilc the camera movemel1l re gion, of il1de""ndcnt 

motion can ~ detected hy l"i ng image registratiol1 Fnrlhe r the apprmch. a llhollgh 

not Op llll1! LCd Jor rca]-linlC opcralion. wl1, [ully aULOIl1a led and rohus!. 
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LU'"' .... ~,U was too comers were OelteclteO ..... '''''''.£1 to 
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camera was re!;PC)lls:ltJJle 

as 

• 
were 

to a or 
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• 
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more accurate u ........ "J .... " 

rec:tlcms are now 

• 

comers. 

• 

• 

• 

to 

• 

our 

aplprC)ach serves as a 

more accurate 

v ..... uuau'vu to 

comers del:eclted 

"'A,:UUL,.", a consltramt on 

to 

to 

LU"'''VU S~!gnlen:tat:Lon is an(~cte:<1 

more accurate 

can 

some 

one 

a 

use H"''''.o::.''''' is reC;':Oll1rnen<1ed. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

thc;~ref'ore to 

a '""''''".-



Univ
ers

ity
 of

 C
ap

e T
ow

n

" 

I to 

• 
!:!alDOI:e S 

• 

• 

• 

• 

I am ,.,p,,,, ... ,,, 

lDIJleOI[eU to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on 

on 

zoom. In 

1. 

[11] 

and 



Univ
ers

ity
 of

 C
ap

e T
ow

n

on a lll\."n.jl" 

1, 

a 

... 'L.U ..... movement: a "."-up·,, 

..... Vj'UuHn.' .... comer 

comer 

scene 

on 

camera 



Univ
ers

ity
 of

 C
ap

e T
ow

n

at 

[28] 

[34] 

as an 

1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

--_._--- ---_._--

to 

comer ... "' .. "" ..... 1">. 

Proc. 

aIJIJU,.ULj,VU'''. In 

on Il./.I'VHLU' 



Univ
ers

ity
 of

 C
ap

e T
ow

n




