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Abstract 

In. this paper, .rrie propose 3-D objects m.r~.ppin,g for 
3-D m.ode1 using m.od~1 (1,71.(l im.rr.ge hnsed r~.ppronch.. 
O ~ r r  q)proach is the follovrin,g: First. th,e m.odel bnserl 
approach. uie gen,err~.te (I. 3-D floor m.odel from 0, floor 
plan b ? ~  usin,g girlen fentrrre poinh. and ncqlrire sor- 
ern1 disparit?~ n~nps  by ~rsin,g th,e m.ode1. Secon,dlyt 
th,e im.nge based 0,ppronch. uie ncqw,ire se~rernl dispnr- 
it?/ m.nps by ~rsin,g n stereo pr1,ir of pnn,orc~.mic im.- 
ages. Th,irrlly. ,uie ge7terfl.te ~etreml 3-D rn.odels by 
com.bin,in,g tiirtlrrr.1 (li.sl)nrity m.0.p an,d rec1,l dispc~,rity 
m.ap. Folrrth,ly. vre register the selreml 3 - 0  m.odels, 
and in,tegr,te t1l.e registered 3-D models in,to (1 si,n,gle 
3-D m.ode1. Fxn.nll?y. r1ie eztrtr.ct 3-D objects from. gen.- 
prated 3-D m.o(le1 o,t n7r~ f)o,sitio~).,$, 0.n.d ,tire place them, 
in the 3-D m.o(lr:l nt (~,rrother position,. Olrr m.etll.od 
zs 11.sefil.l for re(l.t~,~ing t1j.e costs of processing for gem 
~ro,ting 3 - 0  m.o(lrl c~,n.(l im.proriin,g its qlcn.lity. 

1 Introduction 

The process of reconstrilcting 3-D ~iiorlels fro111 
2-D iniages has long 1)een a principal pro1)letii 
of the co~i ip~l ter  vision. and the process of ren- 
dering silch recoveretl strilctilres are as silbject,~ 
which have recently increased interest in com- 
puter graphics. Recently. four ~)articillar areas 
of research have provided results that are ap- 
plicable to the prol)lem of niodeling and ren- 
tlering real scenes: Deteniining Struct~lre from 
llilltiple I-ie~vh[l], Stereo Correspondence[2][3][4], 
Slodeling fro111 Range I1nageh[5], and I~liage-Based 
Re~iderin~[G]. In particillar. a great deal of effort 
has Iwen niatle on gelicration of ~iiotlels fro111 images. 
\Yhat semis to 1)e lacking. however, is generat,ion of 
convenient. accurate. and pliotorealistic 3-D niodels. 

Therefore. wc. have applietl an approacli that coni- 
lines riiodel-basetl and image-l)asetl ~~ietl iotl .  

Our approach colisists of tlie follo\ring fave steps: 
First. the niodcl 1)asetl approach, we generate a 3-D 
floor ~liotlel from a floor plan 1)y iisirig give11 feat,ilre 
points. ant1 acq~lire s~vera l  oniliidirectional disl)arit,y 
nlapshy ilsirig tlie nlotlel a t  several posit,ions on i t ,  
ant1 we call tli(3se tlisparity ~i iaps  .riirtt~o1,1 (lispo,rit?j 
m.nps. 
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Secondly. tlie image I)ascrl alq)roarli. we accliiire 
several omnitlirectional disparity maps 1)y ilsing a 
st.ereo pair of panoramic images a t  tlic same posi- 
tions as t,lie motlel in the indoor scene. and we call 
t,liese disparity niaps real (lispnrityj m.np.s. 

Thirdly. we generat,e a 3-D model from the dispar- 
ity map ac.qnirt.d by combining the virt~lal  disparity 
map and the real disparity map acqnirerl at each 
position. 

Fourthly. we register tlie several 3-D ~iiodels. and 
integrate tlie registered 3-D niodels into a single 3-D 
model. 

Finally. \ve estract 3-D objects from this 3-D 
model and place them at any position in the 3-D 
nlodel using conihinated rlisparity ~iiaps a ~ i d  virt~ial  
disparity maps. 1Ye call tliese process 3-D ol)jects 

2 Model and Image Based Approach 

2.1 Model Based Approach 

2.1.1 3-D Floor Model 

A 3-D floor model is generated from a floor plan 1)y 
using given feature points. The feature poi~its are 
given corners of a floor in Fig.l(a) rnh1.n tlie Fig.l(h) 
is generated fro111 Fig.l(a). Fig.l(a) is the floor 1)lan 
of our research lab. 

Fignre 1: (a )  Floor plan. (1)) 3-D floor ~liodel 

2.1.2 Virtual Disparity Maps 

In this section. we explain how to ;kcclllire virt11a1 
disparity maps from the 3-D floor model. 

In case of a paralld stereo as sholvn in Fig.2. a 
coordinates of 3-D point can he calcillatetl as: 



Therefore. virtnal disparity maps are calcl~lated 
as: 

wliere (S. 1: 2 )  is a camera coordinates system, 
(71, v )  is a coordinates of left i~nage, (rr', r r ' )  is a co- 
ordinates of riglit image. h is tlie baseline het\i~een 
the parallel stereo. f is tlie focal le~igtli, and d is tlie 
dispari ty. 
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Figure 2: Tlie parallel stereo ~iiodel 
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Fig.4 shows the omnitlirwtional virt.na1 tlisparity 
map of Fig.l(l)). 

I 3 )  

Figure 4: The omnidirect.iona1 virtl~al t1isparit.y niap 
a t  t . 1 ~  camera positin11 #1 
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2.2 Image Based Approach 

Epipolar 

2.2.1 Generation of Panoramic Images 

( x ,  ,:,) L,  - 0; ( x ,  ,:;) -1-i @ mr.r 
PI  0 (xp l  , z p l )  : camera position # I  

P2. (xp2 . z p 3  : camera position #2 

Figure 3: -4cc111isition of virtual disparity iiiap 

If we put a caiiiera at  the position as slio\vn in Fig.3, 
the distance L,. between the caniera position and the 
wall. is expressetl as: 

wliere s c n l ~  is the act~lal  length per a pixel, ( . r , .  :,) 
is a coordinates of the wall in the 3-D floor niotlel, 
(.rlIn, zIl,, ) is a coortlinates of tlie caliiera po5itio1i ill 
the 3-D floor ~iiodel. 

.A coordinates of tlie mall is giveii as: 

\vl~ere 8; (for i = 0.....27i) is the direct,io~i of view 
point. and ! / j  (for j = O.....lieiglit~) is t,lie height of 
t,he wall. 

.A omnidirectional panoramic iniage is generated 
fro111 mutiple rotatetl camera images. as shown in 
Fig.5. these images are captl~red while panning cam- 
era arollnd 360 degree. TIe 11se tlie stereo camera is 
~iioll~it,ed 011 the tripod. Fig.6 shows t,lie stereo  air 
of part.ia1 panoraniic i~riages at. the camera posit.ion 
#1 of Fig.3 ill 011s researcli lab. 

Figi~re 6: Tlie stereo pair of panora~iiic iniages 
at  tlie calnera ~)osition #l(partial iniage):(a) Left 
panoraniic i~iiage. ( h )  Rigiit ~)anora~iiic image 

2.2.2 Real Disparity Maps 

In order to actli~ire real disparity maps fro111 the 
stereo pair of omnidirectional panoraniic iniages, live 
use Pixel-to-Pixel Stereo(31. This algoritlilii is 11sed 
to detect deptli discontinl~ities from a stereo pair 



of iniages. Tlle algoritlinl riiat,clies intlividilal pis- 
els in correspontling scanline pairs while allo1vi11g 
occli~tletl pisel to reniain nnniatclied, t,lien propa- 
gates the inforniation I)et.\vcen scanlines by ~ i i e a ~ i s  
of a fast postprocessor. This handles large nntes- 
tllretl region. 11ses a n ~ e a s i ~ r e  of pisel tlissitiiilarit~y 
tliat is insensitive to iniage sa~npling. ant1 prilnes 
I,atl searcli notles to increase tlie speetl of rlynaniic 
progranirni~ig 

Fig.; sliolvs the  real disparity map acquired from 
t.lie stereo pair of partial panoramic images at, the  
camera posit,ion #1 of Fig.3. 

modds  is to place t.lieni i11 the floor plan. 111 our 
work. t,he process of regist,ration is over hy pntting 
t,~vo 3-D niodels t,oget,ller, 1,ecalise the camera posi- 
tion is known on t.he floor plan. I11 our research lab. 
Fig.!I(a) shows t,he 3-D niodel at  tlie canlera position 
#1 and Fig.S(h) slioms t,llc 3-D ~norlel at  tlie canlera 
position #2. Fig.S(c) slio~vs tlie reslllt of registering 
3-D n~otlels accli~ired at, tlie caniera position #1 and 
#2. 

3.2 Integration 

Intcgratio~i is the proc'ess tliat rcgistcrt~(l 3-D 
niotlels are cornl)inrtl into a single 3-D ~iio(lcl. To 
put it I-oncretely. oiir intt'gratiol~ is the prnccss that 
two 3-D ~iiodcls arc conil)inetl into a single 3-D ~iiotlcl 
hv average 1)ctwccn two 3-D niotlcls. Fi.e.!I((l) slio~vs " 
the integration of registered 3-D ~norlels. 

Fignre 7: Tlie disparity map ac~~i i i red  hy pisel-to- 
i~ ise l  stereo alaorithni a t  tlie caniera ~ ~ o s i t i o n  #l 

2.3 Combination of Disparity maps 

Il'e colnhine real tlisparity ~ i i aps  and virtilal tlis- 
parity 11iaps for correcting real disparity nial)s. To  
put. it concretely. tlisparit,y ~ i l aps  for width x lieiglit, 
pisel resoll~tion are caleiilatetl. for 1r=0 ..... \vitlth-1 
ant1 r q = O  ..... height-1. a\: 

{ 
I--(/(I/. I * )  r-1/(11, 7 1 )  < ? l -d (?~ ,  I - )  

c-(/(I/. I , )  = 
( I .  I )  otherwise 

where. a t  a coordinates of ( t r .  I,). r - d ( u .  1 , )  es- 
presses tlie valile of tlie disparity in the real disparity 
~ i i a l ~ .  r.-d(tr. I , )  espresses the value of the disparity ( c )  (d) 
ill tlie virtual disparity inal). C - ~ ( I I .  1 1 )  espresse5 the 
value of the tlis1)arity in the coml>inetl disparity n1~11. Fig1ll-e 9: (a) \yirefranle sllrf;lce mo(lel at  the canl- 

Fig.8 shows the co~lil)inetl disparity map  a t  the era position #I .  (1,) IYireframe s11rface 1liode1 at  the 
caniera position #1 of Fig.3. camera position #2. (c) The result of registration. 

(d )  The result of int,egrat,ion 

4 3-D Objects Mapping 

Using conihinetl tlisparity niaps ant1 virtlial tlis- 
Figure 8: Tlie conil)inctl tlisl)arity map at  the caniera parit,y ~iiaps,  we est.ract 3-D o1)ject~ fro111 tlie 3-D ~msitioli #1 

n~ode l  and nlace tlieni at. any i)ositio~i in the 3-D . . 
model. To put, it concretely. as slio\vn in Fig.10. 

In t l i ~  same way. n.e can accllliretl the conlI,inetl process of 3-D o l~ j t~c t s  nlapping is the follo\t7ing 

tlisparity niap a t  tlie caliiera ~)osition # 3  of Fig.3. steps: 

3 Registration and Integration Step1 : AS sliown in Fig.lO(a). rve estract the 

source image containing o1,jects ~vliicli are es- 
3.1 Registrat ion tracted from the onlnitlrectional panoraniaic 

images. 
Two 3-D ~iiotlels are accll~irt>tl fro111 the conil,inetl 

a r t  i s  I l i n g  ( 1  a (4 )  at  1 a -  Step2 : As sho~vn in Fig.lO(l,), \ve estract  tlie dis- 
era po\ition #1 ant1 #?. Registration is the pro- parity map containing ohjects \vhicli are es- 
cess tliat two 3-D nlotlels are 1,rolight into align- tracted from the omnirlrectional conihi~led tlis- 
111~1it. Tlle p1lrl)ost1 of registering tlie individiial 3-D parity niap. 



Step3 : As slio\vn in Fig.lO(c). we extract tlie dis- [T] Pan1 J .  Bsel. Seil D. lickey: *.A lIetliotl for 
parity niap contailling ohjects ~vliicli are ex- Registration of 3-D Shapes". P.4JfI.239-255(1932) 
tractetl froni tlie oninidrectional virt~lal  t l i s~~ar-  
ity map. 

Step4 : As sho~vn in Fig.lO(d). we acqi~ire the dif- 
ference tlisparity map between Fig.lO(l,) a ~ i d  
Fig.lO(c). 

Step5 : As slio\v in Fig.lO(e), we acql~ire t,lie 3-D 
ol)ject,s ~ilodel fro111 t,lie difference tlisparity niap 
hy applgi~ig (1) and (4). 3-D 01~ject.s ~iiodel is 
niade t,estilre nial)ping nsing Fig.lO(a). 

Step6 : We place 3-D ol,jects ~iiotlel a t  any posit,ion 
ill tlie 3-D nioclel. 

5 Experimental Results 

\Ye ge~ieratetl 360 clegree pa~iora~iiic iniage by 
conihining 48 iniages ~vhicli \I7ere t.akeli at each 7.5 
tlegree. We accl~~iretl 2 stereo pairs of oninidi- 
sectional pa~ioraniic iliiages at. 2 1)0sitio1is. Eacli 
panoramaic image is 8137 x 240 pixel resolution. 
Fig.11 sliolvs t,lie res~llt. of generating text~lred 3-D 
niotlel. Fig.12 shon~s tlie resillt of 3-D ol,jects nlap- 
ping in the 3-D motlel. 

6 Summary 

11% liave descrilwd al,o~lt. 3-D ol,ject,s 11ial)ping 11s- 
i ~ i g  niotlel and i~iiage approach. Using tlie floor plan. 
generated 3-D ~iiotlel froni indoor scenes was more 
convenient, niore acc~irate. and more pliotorealistic 
t l ia~i t lit, liit>t liotls c ~ ~ r r e ~ i t l y  availal>ltl. 
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