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A I:mtruct. JIl t.cIl.~ily based l'cgisll'"lioll methods, Rl1 ch lIS the 11IUllll11 ;11 -
fOl'ltLnt ioH (M Jl, do not cOllllUonly oollsiticr tIn: sputial gcolUcll'ic il1rol" 
malion nnd the initinl corrCllpondences MC uncertainty. III tllis paper, 
wc prcscnt Il lIov()1 (lppronch for IIchieving highlY-l\utOlrlntic 2D/30 im­
ngc I'cgislrnliOIl illtcgmtillg the ndv!lulngcs from hoth !Jntl'opy MI IllId 
spatial go..'Omcl,"ic foalurcs COlTI,.'lI]IOIldc u cc methods. 11181';1"(...:1 by the genic 
"patXl thoory, we projec~ the !:Iu rfnccs Oil n 3D luode! t.o 20 llornllll inlllgc 
~ lJuee9 provide(] that it call cxtl'<\C~ huth local goodcsic feature descriptors 
and ~lol>{\l spatiul information for cstim{\~ing ini~ial cOlTcspolLdcllC(,,"> for 
imilgt .. to- inHlge and illlflg<:-Lf}-model 1'()gisLrMion. The Illultiple 20;:1]) 
imugo rcgistmtioll o.;UlL thou ue further I'elilled using MI. T he "'UX illli~.",­

UUII of M I i~ dft'Clivdy Udlicvcd u~ing: g:lolml st.Odll~<;tk upLhll;;mUulI. To 
verify the fe"!:Iihility, wc huve reg i.~lered vul'ious ""tisLi.., 3D IIlodds with 
differellt structures and textures. The Iligit-Il1111 lity l"Cl;ulb; show llml the 
proposed npprOllch is highly-alltotlllltic ulId rc!illulc. 

1 Introduction 

Mulliple 2D/3D illlllge I'cgistmlioll ,Uld lIU1ppillg is a kcy problem ill compllter 
vision that show" lip in a wide variety of applications Ilm:ll It!! llw(licll) image 
aualysi$, objl.'(:t Lnu.:king, recogn ition l\lld vi SUIl1i~.lltio ll. III pruclicl), duc to thc 
less iufol"llmtion nuout inLI'll- uud iuLer-col'I'espolldencc.'J for cn ptllre<! multiple 
imuges and tlte 31) model, ~he problcm of mllltiplc 21)/31) imugo rcgbtra~iol! is 
higllly ill-])osod. Thc Ml measure l)a~ed 21)/31) imagc regis~mt.ion Illctlloclt; lltkc 
ollly intensity v!\I\H~s illlo IU:(:()\lnl willuHlt cnnsidering spatial gl~melr ic inror­
I!l(ltion. T Ilc error of initial COl"l'ct;pOll{lcllccs limy casily lead to a blunder in the 
rimll rq~istmtinn. Therefore, it is often that tlw initial spatial C(lIT\~tipo ll(lelU;e!::l 

arc Illanually dclCl'1niued uy \If,crs, which is 1l{)II-crricicllt Itlld t il1!e t:ollsl1lrling. 
This papel' prescnts a novel approach for hil\lt IY-flutolllatic Ml based texLlll"e 

registrulioll IIsing tidf-initializcd gl.'Q(k~ic fea~Ul'e oo!'l'cspondences. Civcll a 31) 
"hllpe IllUdel and !lIulUplc images, we perform lhit; appl'Oacll ill Un'ce maiu steps 
wiLh n:s[wd to l1w sCllrch of initial spat,inl eorn:spondel1ccs, thl: t~Lillmtion of 
I)rojeclive t l'lW$fUl'IlIlltion of IIlllltiplc views, twd the l'cfillcment of texture reg­
ist"ntion, AI.. first., Wl) extract. 10cIII fC!lt!ll'c,~ of slI rfacc.~ 011 It 3D sh'lpe. I [OW()VCr, 
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din_'Ct gcorne~I' ic feature exlrn.ct.ioll 011 3D slul l)cs if! diflkulL, T he reason is t.lmL 
t.he scu.k'-val'l!lbility or gcometric l;tructurcs on SCIUIIl(."<i 3D 1Il0dels lire liimplifit"<i 
due to dii'ICrel.o 3D coordillat.c point-c1oudli or triungulated tlurfaC<!S on 3D Illodeltl, 
sllown in I~ig. 1. 'Ihlditiounl work ex tract rcuture dctlCriplortl using only surfaoo 
and cUI'vaLul'e smoothing ball(.'tl on 3D coordin<l L~ lacking canonical !!Cllle mml­
ysis. T he illll>orLunt di!ICr imil1ut.ive informat.ion encock"<i in Lhe scalo-val'iability 
or intr insic gl.'OlIletric structu res nre easily ignored , Ilecent work on the !lCnlo­
val'iubilit.y of hnngc~~ IlS It 2D proj(.'(;tioll of 3D obje(:1.Il [] [, lica l(: inwU'inll l CentureH 
in Ute d iscl'ote &:ule space for 2D inmgt!!! [2[, and scnle-dependent.:iD geometric 
featu rcs 13] have been studied intensively. Inspired f"om tllC$~ wOl'k, we pre.'-Icnt a 
comprchem.ivc framework for Uludyzing and cx tm.cLing local fent.uTc dctlCri l)Wl'!:l 
using the ooulit.ruck-d mul~iple normul maptl in gcometric sCllle-SI)OC(lS, 

Secondly, t.he projl'Cti \'e tmllHfot'llluLion of Cl.lIT~pondellc~ for image-w ·illlllge 
21)/21) und illlago-to-moocl 21)/31) arc t!!!ti!lluted U~illg Ilpurm: gcolllell'i~ f~u~ul'es 
and whIted eamcl'll l)ammeter elitilllatioll proccdures, T he key ideu ullllerlying 
the COi'rClij)OlldcllOO between I~ 3D s]l{lpe and imagcs iy that. llIultiple 2D ll(JI'IlIU] 
imagcs ure the 2]) proj(.'Ctiolls of geometric slIrfllC(.'l:l on !l 3D shape. The COII­
ver\.lxl multiple 110nnal mUI)!! el1l.·ode t he rich g(.'OlllcLl'ic illforllllltiotl wit.hin tho 
spatiul distribut.ion of each loc1l1 feutltl'Cl:l that lU'e s]Jul'lsoly di litl' ibutoo on the nOI'­
mal inl!IgCS using Keodesic distlulet: Illeal!ure. The self- initial corrCtlpondelll.'CSllre 
l.'StinIllWd ill two steps with rl.'S]l(.'Ct. to 2D/20 and 20/3]) corrcspondenoos, P\lr­
thel'more, 11 IIl1lxilllhwtiuu of MI method [-1], [51 is cxtend(.'tl for refining multiple 
2D/3D imagc l'cgislmlion using sel f- initializcd gcodl.'Sic fellture CO I'I'cspon([cnccs, 

0111' IlP]lI'OIlCh hlls !!Cverul ru:lvanlngcs. fo'irut, the apPl'oll.ch is highly-ullt.ollllltic 
an(l cfliciellL, facilitaLing the human sl1pervision and t.he scl\Tch of initial COI'­
rcspollrlell(;(!!o! t..o geometric 3D models with varying gl!OlIIct.r ic complexity. Onc 
ouly 1IC(."<i1! W defillc the g roup of illput imagcs m:l!Oruing to their surfu.cc reprll-­
sculutiolls 011 lhe 3D shapl.'S, T he l)(.'s t l>OIlitioll of given multiple vicWL"<i imngc::l 
to t.hl: :1]) lIul'ftUXl i~ (Ic:tel'milllxl llHing HClf-init ialil',ed (.'o tTcspOndellCCll, Second, 
sjJ!u~e t,eollleLric featUl'ell bn~()d initial ~onespolidellct: does not I'equil'c Cll1l1Cl'U 
cuptul'ed imugl.'!I \.0 cont.uill tin: elltirc 3D objl.'Ct for the purpose of silhollett.o 
cxtrac tion [6], o r lIhupc ouLlhlll Ilxtmction, T hird, thc approach allows HI)Ul'lle 
gWllletric feat.ure cort'cspolld()lICC:1 and cntropy MI bflll(.'(! optimization to be 
int.cgmloo for solving 1\ [lracticnl pl'oolcm in 1\ .. diaolc ,md opt.imlll way, 

The rClit of the paper is orgnn il'.(.'( l as follows. Section 2 1)I'(:HCnts the COIl CCp l.!! 
of lllulti l)le lIol'tnnl imugcs of 1\ 3D 1!11IIJ)e model. S(.'Ct.ioll 3 dcscl'ibes the goodl.'II ic 
ll1{m.'lIIrtl Itlld Hpm'HC gl.'Ollldl'ic fl!lttun~ ()xtrn.cl,ioll. Sectioll ~ forlllu]lIics t.he globul 
slochust.ic opti mbmlioll bUHCd lIlaXill!i~aLioll of MI, 1IIIplelllelllulioll detuils 1\11(1 
expcl'imelltu.l 1'CS1l1t.~ IIrc prcsclltud in S(.'Ction 5 , 

2 Multiple Norm a l Imuge llepresentntion of u 3D Model 

Givcn a ll'illnglllllT mush model of a 31) ohj(.'Ct, u nl'iginul mesh lvl ill r»ll'!\ll1(>­
tel'il',l.'d it) I~ planar dOllluil! D, Tile panlllleLl'izaLioll 71 : J) -0 M ill 1\ uij(.'Ctivt: 
IlInpping from a discl'cte set of l)lllllUl' poinls to the mush vcrkx HCt, NOI'JlIIdly, 
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~'Ig. I . aJblcltl. (n) A JNll·tin] point-clouds 3D model. (h) Shndcd aD model. (c) Nonrmll1 
on ~ h(l3D model. (d) 20 lIu",h pmnmct.crlzntioll with fixed houmlnry of th11l3]) model. 

Immllleteri ~.ing a mesh to a plmmr d01111\in dOCl! nol prct:lCrve the IInglcs Iwd lhe 
IIUl'fU.cO area of faCC!i 011 the mcsh . Some chnngcs in the Iluglcs IInd 8urfncc urea 
lire collSidcl'I .. -d as di!:ll.or~ion!:l. Minimizing the purumetcri7.lItioll distortion is u 
clmJJcnging problem [71, [81, [91. For extunple, ill l~ig. l(d), wc pammetcri:1.C one 
21) mcsh imllge Umt encodcs the original 3D 1lI0del. 

Although the gt.'omctric prol>crtics clIn l>e encoded vill 3D coordinUlCl! IIlld 
curvuLurCl;, the lS urface Ilorllmls have been demonstruted us u tiuitllblc IJtISe rep­
TCSCntllt ion, shown in I~ig. l(c). It IllloW3 lIS to UIIC ClIllIlIIiu11 filtering on lite 3D 
shul>C without inflnencing the topology of 3D IIIIUIXJ!l. The norlllul dirt.'CtioU!~ al'e 
critical for detect ing 3D feaLur(.'S. To illl l)\emcIlL it, we project the 8urfaec normal 
of euch vertex of the 3D modclllud then interpoh\w tllO$! vuitlCl; in the l)humT do­
muitl \U:ling !.mryccnlcr COQrdiIml~ wiUlin euch triungu]ur fuee to obtuin n delJ:SC 
normal mup. The rCl;ulling normul nmp ill u gl:omctric 21) image reprellCntat ion 
of the originul 3D llhupe (or purt of the t>hUI>C) t lmt is independeul of t he I'CSO­

lution of its 3D model. To achieve uccurnte l'epl'Clllllllulion of g(''Olllelric s llrfnc(.'tI 
on u 3D s lmpe to one or IIlltl liplc nortlu\1 imagCl!, we defiuu LI lO tmnsfol'lIll1lioll 
in terml! of geodellic dilltunces iUlltend of l he t rndWonul Euclideull disLullC(.'S. 

Tllo gCllcl'utod olle or multiple 1I0l'llmIIllUI)t; eUlllloL exuctly rU])I'Ct>Cllllhc ol'igi­
nul 3D I>lmpu due to the di~lortiOIl of ])ul'Umeleri)\tllion . For uxumplc, 
tllo distnnce l>etw(.'(Jn ullY two pointll ill the nornml mup il> not equivnlent to 
UIC (''OITt.'!Ipou<iiug relutive geo<lClIic dill t tlut.'U 011 the 3D lIlodel. To COIIl!trucL 2D 
surfucu l'eprcsctllutioll of the original shupc, Lhe correct rellllive gtlo<i(''!Iic dis­
tIIllCO'\ bcl~'C1l nuy two po ints on tho normal nmp ill ut,'t."CSSI.U-y. Therdore, t ile 
distortion is computed for each I)oiut in the normul mnp. Given n point v E !) 
thllt nmps to 11 3D IIIC1;h vertex ~(v), wu define its di!llOl'tion «(v) ill the equutioll 

((v) = ~ E"e"«i(u) 1",~"r;' .. )I ' where at{i(v) is 1\ IICt of vertireo ndju.ccnt 
to v. Thu lOCal distortion is a IlICrulUTC of thu nverugu cllIIuge in the length of Lhe 
(.'(Ige adjacent to 1\ vertex. The large {(v), lhe more the ndjnccnt (.'( Ig~ have bt.len 
stretcilt:d in ~hc puralllel.cri7.!1Lion urollnd v. Wc then construct 11 dense mup of 
distOI·tion vnhlCH ill this way. The rCHulting d istor~iOIl IlIltp is to It I)Proxilllllte the 
good(''!Iie distunccs betwccn uny two points in the Ilormlll mup. 
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"~ Ig. 2. :/iI;\:. GeodCtlics Gnussilll1 di1ltriLmtioll 011 CTTloold C<"1 II\Jrf~ iu 3D HI»IC(!!I. 
(a)(u)(c)(d) 1'100 oouullnry of geodesic GnllllSiltll kernel with n rodiuH. (o)(f)(g)(h) T he 
tiilltriUlltioll of goodOflic gnuMiQl1 kcrncbi with I\. givcn rlldiU!~. 

3 Geodesics Measure and Feature Corne rs Extraction 

'10 uchieve inilial correspondence searching, wc have la define the rig lll feature 
spaces. 'Ib deh..'d salient fenture corners for mlltching, wc first derive the fil"l:lt o r­
der a nd IKX:Ond order partial dcrivutivl)!I o f the nomml mup N., . Novcl fCllturc cor­
nel"l:l ca.n t hen I>e derived using these purtial derivatiVCH lLsing gt.'ocicsics cii~l!luc:e 
as the d istancc metl"ic which can I\ccuratdy l"CI)I"t.'8Cnt the locnll:lUrfucc geometry 
in scale-spnce. Civ(ln a 20 isotropic CuuSliil1ll t."CIlWrOO ul 11 I)()int u E D, wc define 
the value of geodesic C aussian kernel at a point tI, then the boundary of gt.'Odesic 
Ktll>por t region on a inl.cnsity Kurfacn in 3D IIPIl.cc. T hc g(!()desic CuutlSian kernel is 

derived IL'j Ggcod(IJ, 1£,11) '" ~ OX" (_ rl"~;J;:''' )'], whuru ([I/ood : n1 x n'4 > n 
i~ the geodesic distlmce beLwt.'Cn t he 3D surface poinLs I/I(v) and I/I(tl). Tho 
geod(:Hic distunce betWCCll two 3D pointIJ is defined Il.'j the d lscretiwd line inLe­
gml ([l/eod(V,U) in t he distortion 11mp, whieh CU ll be computt.'(1 Il.'j d~elJ'I(V,It ) :::S 

,..... {(u,j- ' +({uq.,j - III 11 ' 'I( ) [ [ ' "t "-'v, e fl( .. ,,,) ~ Vj - V'+I , Wlew,. tl,V = VI , tl-J,"',V"," Isa IS 
of l)()i11t~ ijlllllp le<1 on the surface bcLween v lUul". T he dnull ity of this geodesic 
sl\lllplillg determi ne the quality of the npl)roximution of the originul goodesie dis­
tlll ICC. U!o:ing the geodesic C UUSliillll kernel, the normal ut point" for scull.' level 
(f Uli N,,(tt) = L"EI-' N (v)GgO<Jd(v;u, 0)/11 EvEI" N(v)GgeuJ{v; 11, 0)11 , where P 
is a soL of point.s in A. window cclltered at u. Tho window sizo ill fU:;O defined 
in termll of goodCl:l ic distance and ill proportionnl to tho ijtmulnrd deviation (f 

a t each I:ICIlle level. III Oll r implclIlCnt.utioll, wc chtl llge the s i"l-c of the window 
frolll Um ccnter point while evaluating oueh l)()int 'lI geodesie disl.nncc from the 
t.'CnLt.>J" 1.0 corrt.'ctly C8t imuting t he riistrihutioll ofll imilarWhigh" l)oinWs. Nole that 
the geodesic Gaussillll kernel can be performed for the imnge cmbcddoo surface 
with lhe 31"d coord inate of intensity in 3D space. Fig. 2 s howl! t he non-isotropic 
Uoundury distribution of goociesic GlluSliian kernel with 11 6Ctl.lo (1 for un embcd~ 

lh:tl ~urflU.."t: ill 3D s pat.U!. It IIIIS the SlIm!' clfccWi 011 tile 11 0rnu,I IlIII I ~~ wlliell ('1111 

he HlllooLht.'f.i lIsing tile gl'O<lel:lic Gtlussi!.III kC"I !!'1 ill (lifTcrerL~ scull'!!. 
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func~ion are defined us ing the full color Ijpuce. The NI I betwoon iumgcs I ! ami 
12, IllISOciall..'(\ wilh the tmnsforms 1'1 and '/~, is defilll..'(i It.!!: 

The mnin nilwnt(!ge of the formulation is that the new ohjedive fun cl.ions [wing 
the !:I nrrU{,"(j BRDF in the global optimi)'.ntion cri tel"ion. In tbi ii ruucl ion, lIw 
in UlIl:e-lo-imn.gl! MI h; dcfilWd frOlll the chl"OU1inul!cc compol!cuts I Hull Q of 
the YIQ color iipncc. The iJl]nge- Lo-inmgc MI is pammctcri)'.l)d by t l!e projec1ive 
tr{lllsfUI"!1!lltioIlS USI;ocitl11..'{1 with both hlUlgl..'S, II lld it is llIuximi·/.cd when both 
iIllUg()lI fHe aligned 10 the model. The stochu.!!t ic gmclient l..'Sti tn lllioll follows the 
SUllle proccdure us for the imllgo-to-Illodel MI. 

Fo r the joint refinement. and optimal regist l"lltion of J:lCveml imu,:I..'S ~o a 3D 
modc! , we \lOO 11 multi-objcctive op~im i~ntion method (51 tlml it! defilll..'{l AA a 
linear oombin!;\tioll of lite elementary MI functio]U; wi th 110 11-11egative weigllt.s. 
In this llleUlOd , firstly, when all imugcs arc nligned ami the r<-'gistru tiQI1 rcfin<-'{] 
1.0 the model, ull objective functions a rc IIl tlximi~cd. If only UlC inmg<-'-t.o-l1Iodcl 
MI functions are considered, each oot of camera pnmmetcl"lI coITI..'!;ponds to onc 
ohjt:ctivc fun ct ion. In this cru;c thc itcmtive grfldi~!nJ...hl\S<..'<1 (J1)timi),~ltion llpdllb~ 

encl! &:t of pammct.en; ill the direction of the l."OITcslXlndil1g gradicnt. Secondly, 
wllen all iuu\f;e-I.o-imllgc MI funetionii !u·c cOI~'iideR'(I , wc cstimllte !SCvcrol gm­
dieni.'J for the ]»ml1lletel"lI of each cu.mem , COI"rI..'S lx.mding to the MI with the 
model and with other overlUI)ping illmgcg. In each itemtion wc must choose t he 
direct ioll fOl· optimiullion bused on the t hese gmdicntl:!. 

5 Implementation and Expcr imentill lles ul t s 

Wc prl..'tienl the implementation in detail. SI..,{[llelltially, wc dl:!i(: rlbc the intenne­
dl/11e I\nd finalregistmtion re~:mlts in OUI" eXI)erimclItll fOl· Llu..1 Pt"Ol)Osl..'(l llpproo.ch. 

1:>.1 Sclf-iuitiul izod Cor l"cs p o m.lm lcc Usi ~.g Sparso FClltu.·cs 

III this step, wc ~tinl1.\le iu itiul corn:l:Ipon<!encc for both inmge-to-illmge !llld 
image-to-model Illatehi ng. Wc h/wc im plemented thc propol;(.'{1 gcod~ic feature 
{'"Ol"llel" extrnct ion method Oil the normal maps which is ptUl\mctcr i~I..'{1 frQIll the 
aD IIIUlPC lI]odels. Then wc present. al1tomntic il1i ti ,ll corl"{!:jpolldclICC I"csIIIL'i fOl" 
illlUge-Lo-illutge und imugc- lo-lIlodcl via ccrtnin rc!/ttod IlIatchinl; ulgorithllls ulI(1 
11 camera !SCl f-calibration method. Finally, wu f1ll"~her op~illli )'.c the exlt"im;ic pn­
I"II lIIetcrs of t ile Cluncras and reline thc registm~ion rI;!Iullll us ing the MI bnscd 
globul sl.ocllUst ic optimi~alioll fl"nHlework. 

Firstly, t.he 1)l"oj{,'C~i ve transforll1l\tiol! 'J' is com]Jull...'<i by estimating cnmern 
lIlodel. The optimi)'.atioll model does not make as.'iUlnptions 011 the project ive 
transformatiQn 'F, IInd conSt.'qllenUy 1.111 Lhe ClUlIem model. III 0111" i1l1 1)lemenUl­
l.ioll WI' cOII.~idrl· I.hp. pinholr r.mn(!l"/\ mod,,1 (121 wil h fom· ,lisl.ortiol1 (·ocmri(,IIL.~ 

(two for mdiul d iKtortion and two for tangential d istort ion). Si llco multiple views 
of photQgmphs Imve lx.'Cll lukellnroulld the rcul 3D oujed, ally two ullcnlibmtl..'{ l 
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Flg.3. (1lble ]ulthl] correspondence scarchiug of pnirwise texture images. (a)(\.» Two 
c.np~urcd t.cxture images for the renl 3D objoct with detccted Rnd triangulated feMure 
oornelll. (c) Unsullerviscd searching of iniUnl feature correspoudence betwccn pairwi:ro 
tcxtUf(l images (a) and (b) using tho GASAC method. 

Fig.;J, (lll>lc (a) Project two i!l1~ t o t he 3D model u.qing the sclf-initillli7.ed fellture 
corrC!:l]londenoo. (b) Zoom in (1'). (c) After projective transformlltion, these texture 
inlllgtJII are initially mapped to the surface of the 3D model. Note t hnt thCl!e two ilnngcs 
wero taken with dilfcn:nt illuminations (one texture image was tuken using Ullshltght). 

imnge COIl~(I(IUCnCCs can be u.'!(..>d \.0 cll l illlutc thc fu udlHllcntul camera matrix 
Ilud cpipolar linell for !)fIirwise inmg{.' .. to-il1l/lgc matching [13]. 'rho inlrinsic p tl­

I"I\mch~I"!l fi eld-of-view, optical cellter, and distortiOllS, wcro self-calibmted using 
Zhung's mel!Hl(1 (1111 which lire llscd IIll initilll vnlue for constructing image-to­
mode! corrLospoll<lence. Any of projective l ransfol"!llllliotl pllrameters arc furthel· 
refilled Imd oplimi"l..cd using the MI based lIIultiple oujL'Ctive fUlIctions. In Ollr 
experimenlll, w(~ collsirier the intrinsic pM».mcters fixed and we optimb~e ouly the 
extrinsic !mrlllncLerll. The rotat ion mntrix i.~ partlmeteri"l..L>d by axis-angle form 
for its atlvanll..gt'l:l ovtJ]" Eulm· IIngll!s in the iterative opti!lli"l../~tion [15]. 

Secondly, image-to-image 20/2D cOITcspondencC!I are self- initialized using un 
exttJnded RANSAC algorithm. T he initial corrcspondence for 21)/2]) matching is 
to determine the relative oricntlltion of tile imuSt'!;. The tlelf-initildi"l../l lioll is esti­
muted using t he ltlethods in multiple view geometry (13], (12]. We have estimate<l 
tIle fundlllneutul matrix Hud UlIJ epi polur· lines for describing the projet:tivc rel­
ative orientation of uncnlibmtcd inlltge!>. To handle the large number of highly 
resolviug illlltgcs, tll(] complltatioulllly illtcnsive RANSAC nlgorithm for robust 
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Ing.5. :m;l~ High.fidelity 2D/3D tex ture rcgi~trntloll rt'SulLII using tile 6UggCHt.OO 
method. (R) c) Camera photo for the real 3D object. (b){f) The scanned 3D 1IIodel. 
(c){g) nnd (d)( h) 1-'[111\1 rcsull.ll of mulliple image rcgiHtratkm 011 the 3D model. 

ouUter dct.c<: t ion hM been rCI)Inct.'<i by n. faste r evolutionnry aPl)roach culled Cl.. ... 
nctic Algorithm SmnpJing ContICn~us GASAC [16]. The initiul cofl'csl>ondenoo 
vulue nnd rc~ult8 of the fenture bWICd mUlching UI'e ~hown in F ig. 3. 

Furthermo re, image-to-model 3D/2 1) cOrr(81)OndollCe ure cstimnUld ba!!Cd 0 11 
cstimnl.(!u Cl.Ullcm pnnll llet.crll und nd<liLiollul CUllWnI cnlibmtion. ' Ib find ini­
tial corre:lpondcncc vulue l>ctwt.'ell the 3D s hUI>e 1L1ld the givcn texture imagCl!l , 
wc hllve cxtrllCtcd nlld Utili1.oo the o btai ned gcodcsic feuture dcscri l)tOrH IIl1i ng 
normal maps of the 3D shu!JC. Wc convert the 3D/2 D matching problem to tl 
3D/3 D onc. Sim ilar to the (CP a lgori thm [17], the lICW"eh of initinl corrcs!)()U­
denee ill to <"'Htimlll.e a puir<..'(I- !>oint mUlching lnUlll formuUOll based on gcodellie 
feature I>ointlluud t hen 1I!>p ly the tnUltlforluution to onc Ilide of Lhe t"egi~tl"lLtlon. 

Wc have IOclulIH)(l lICyero.l u.rtitlLic 3 D objec\.!l wiUI llIutlll lOur-fuel.' and rulluction . In 
Fig. 4(a) nnd (b), wc can I;(.'C somo imngUtlIll'c initially project<..'<i to thellUi"fllCC on 
the 30 model wil.houL ullY projectiVe LnUlsfonnutioll proccs.'!ing using II I>tlfllcly 
distr ibut<..'(\ corrUll>ondent feuture !>oinl.ll. After t ho proj<..'Ctive trallllformution U~­
ing sclf-cutibrntcd tl"ll.llsformation pnmmclerll, Ilhown in rig . 4(c), sevcrnl images 
with d ifferent illuminationll nre Ulnp p(..'C1 011 LIIIl lIur fl\(X! of the 3D IIlmpe llIudd 
ufler refin(..xI !)fojec tio tl a nd regillt ratlon . 

5.2 Color lmllgc H.egls trlltlon und Compuriso ll of Other ApPwllc hes 

T he multiple image rcgi8tralion cun be refined ami tuned ulling the maximi1.tl.­
tion of llIutuul information. If 1\ !)ntch oC the IlUrfl\Ce ill visible in two imagCH afler 
IIClf-initillliZl..'<i corrcspondcll(.'c, wo will lIiml)iy IIUY Ll IlI I. the ilJlugC8 oyerhl!>. We 
define Image-to-I mage MI functiollll fo r each over!up. In /18], a 3D model with 
l"enet.:tanCI) vnln~ IlIl1pped on its lIurfl lCI) WI\Jol reg iMWJ"(..'(1 to color inmgt,."! using the 
method 14 ]. Hero, we extend the objective functio n for fully color informatio n 
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~~ lg . 6. fl lblcld lligh"fiuelity 2D/3D texlure regisLrMioll results using the suggested 
method. (a) Photograph. (b) Tho !iCunuoo 3D model. (c)(d) Final I'Cllul\.ll or multip\(l 
i!Uugo rcgillt l'uLiol! lt~i!lg the !;uggt'sted method. L .. ml\ rroln dilrcl'lmt v ielV)I()i!lt~. 

of Lhe images to the regi!;tmtion object ive fUllct ions. I n OUl' implementation wc 
defined the imugt.'- tcrimage MI from the chl'Ominunce components ' and Q of 
lhe YIQ 00101' space. The imugc.lo-inmge Ml it> PUHullcl.erii',cd by the projective 
Lrntlsfol'l1mt iotls 61>socialt.,<1 with both imag(.'1-;, und it is muximir.cd when both 
imagCll arc nligncd to t ile model. The grudient t.'Slilllulion follows the sume 1)1'0-

t.'C<iure liS for the image·to-model ML r ig. 5 lInd Fig. {j show the rufint.'<l final 
regis t l'lltion n,,'Su lts using t he suggested approach. 

III the re fi ncmellt pcriod of fcgi1>tmtion, the mnxirnir.ntion of MI ducH not 1It.,<:d 
the exiHtence of ully 31)· 20 fellltu'c informution (iucluding viHible ouUiuC$ in the 
image) uftcr sclf· initiulir.cd COrl't.'Hpondcllce. The rcfinement of global stoclu.1lr 
Lie optimir.utiun \loCH Hot mnko Il.$u lI!pLion~ on the unknown pumllletel1:l of the 
rendcring func tion. H is robust La vuriou~ illumination conditions and evell to 
occlusiolu;. Compare to oLher regi~tration nlgorithms, our aceuru.ey is llignifi. 
cnntly betler t1UUl the one rCI)ork'<l ill (19], melLn projection crror of 5·6 pixcls 
for 3072 x 23()t1 pixcl ilnagt'l;. Onc rC!llr ictiOIl when using the MI objective fUlle· 
tion ill that the vnlue of the global lIlaximum Cnlmot be cstimatt'<l. In contrm;t , 
when registmtioll is refin(..'<I tlnd further optimir.t.,<i with point correspondcllct.'l;, 
fu r ill~tullce, the global optimum correspond!:! tl) 0 projt'Ctioll error . T he whole 
softw!U'e ~ystem hlls bt.'C1I implement.ed ill GPI> IUlIglmge bused on SUSE 10.3 
Linux system. In I"ig. 5, t.he full registration nnd refinement of six imugeH tukeH 
10 minules ll~ing o.n AMD Athlon Dual· Core ,1600+ 2CB PC. 

6 Conclusions 

In LltiH paper, we lmve suggested a new npproaelt fo r reliable mid highly-aulonmLic 
multiple imnge regiHtrntion using !lClf- initiulhmd geod(.'Sic fcature correspondences. 
'10 impl'Ove the robust ll(.'OO und autolllation of MI ho.&.xi multiple 21)(3 1) image 
I'cgistmtiol1, the integl'fLtioll of ~clf- illitillli\l,I!(1 gcode1>ic feature COHC8I)OlldcIICC 
co.n support IlCel lfHtc init.iul value fo r further globul ~tOclll18tiC optimir.alion rnUlcd 
luaximbmtion of Ml. 1;~II' lhcrmol'e, we have dC!IIonstmt.cd that the nornml mal);! 
of the 3D Illodel in scale ~pace encode rich geometric informntioll for g(..'Odesic 
feuture extrnctioll. III I»Hticulnr, we have combill(.'(1 and utilir.(..'(1 both advllnlnges 
from t;parse featur(.'l; IInd entropy MI in UIl inlegmted fmmework. A thorough 
evahmt.ioll IUld several high· fidelity registered 31) point b".8(.,<1 lllodel~ ~how that 
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the prolxJl;(.:d approach hw> more flexiuiJit iCll for hig hly-uutonmlic und ruliuble 
multiple illutgC registration . 
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