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ABSTRACT 
Given a scrio of trinocular it~iirges of an  object, wc: have 

cl~:velopcd a trrotlrod for Luildilrg 31) L.'accts arid 31) seg- 
n~cn t s  nrodel of the object. Frorn each triplet, a partial 
rlescription of tlre object, called 3D View, is extracted. 
I+OIII the set of all extracted 3D Facets, a strategy for 
guiding the object reconstruction, based on a statistical 
~ u e t l ~ o d  is developed. A 3D Mntclling Builder conlputes 
~ n a t c l ~ i t ~ g s  betweell t h r  3D I'rit~litivc.~ of consecutive 3D 
Vit-ws. Guidcsd by the strategy, a S~rperstructr~rc gatheres 
all the ~natching i~~for lnat io l~s  given by thc 3D Matching 
l3uildc.r i l l  a set of e q u i l a l e ~ ~ ~ e  ~IILZSCS. 1Zor eiicl~ equiva- 
lellce class of Superstructure, a reprcsel~tative is derived. 
'I'llc 3D I'rin~itivcs n~odcl is fillally c o ~ ~ ~ p u t e d  merging 
inrorn~ations of 3D Facet reprcscntivcs and 311 SVgluent 
rrprcsc~~tives. This method i m p l c n ~ e ~ ~ t c d  ill Sl11alltalk80, 
hi* bcen applied on a series of stereoscol~ic real images 
rrlplcts; some results are provided a t  the end of the paper. 

1. INTRODUCTION 
l ~ c c o ~ ~ s l r u c t i r ~ g  3D objects frorrl a set of triplets of stereo- 
scopic i~tlagcs is a I~a rd  task b(.ciiuse it ilrvolvc:~ a great 
rlulllber ol' trcirtlnet~ts aud bectulse zrdilitive ~ ~ o i s c  is very 
dillicult t.o c s t i t~~a tc .  'I'l~c accuracy of the reco~rstruction 
may be increued by improving the quality of the data  
a t  each step of the recolrstruction (51, by coriibinil~g data  
fro111 difrerent sensors or by using elaborated and illfor- 
~llative primitives [GI. 

In this paper, we explain how we build a 3D nlodcl of 
all objcct usilrg 3D Segments, i.e. couples (oriyiu, extre111- 
ity) of 3D poiuts. 111 (71, 31) segtncnts are rc*cc~nstructcd 
witllout taking t l ~ c  2D ~~eigl~bor~r l loc~d of L I I ( ~  corrcsl)ond- 
ing 21) scgtnetits into account. 'I'lris rllcll~otl is 11ot robust 
wllel~ t l ~ c  data are ~ ~ o i s y .  111 [3], a sillglc pertille~rt pritn- 
itivc is srlec~cd ill eacl~  pirrtiirl doscrll>tiol~ aud is used 
as a conticlcnce island to  guide tlle reconstruction. We 
prtasellt I~erc. a rnctl~od for chtrracterizit~r: each 3D prin~i- 
tivc extracted fro111 each partial description using neigll- 
bouring relations. These relations drlille ii c o ~ ~ t c x t  which 
is fruitfully usetl to construct t l ~ c  ~noclcl. 

1\11 object to be tl~odelletl is rel)rcscuLcd by a sequence 
of tri1,lcts of stereoscopic i~nages wllich is sul,l~ost:d to 
visualize the pr l~~cipal  aspects of the objccl. Our recon- 
s t r u c t i o ~ ~  sys1e111 i11~Iuc1es five ~nirill pilrls. 'I'IIc lirsl scc- 
tion prcswits the 31) I'ri~nitive Builder wllicl~ builds a 
partial rel~rcsentatio~l of tllc object, called a YD View, in 
tcarms of the 3D segmetrls and 31) facets extracted fro111 a 
particular triplet of stereoscopic images. The second sec- 
tion presents the Strategy Builder which supervises the 
reconstruction. The next section explains how tlre 3D 
Matcl~ilrg Builder corl~putes tlre rtlovi~~g betwcen two 31) 
Views, usirrg Lire sc:ts of 31) prilriitives c:xLrircL(:d frorn the 
two correspol~tling triplets. Scctiot~ 5 describes the Super- 
structure l3uilcler, w l ~ i c l ~  collstructs cquivirlc~rcc clir\scs of 
:3D pri~lritives, and the Model Builder which selects tile 

set of 3D primitives constituting the fitla1 1110del of t l ~ e  
object. Sorne experi~ner~tal results are prcseuted in the 
IwL section. 

2. THE 3D PRIMITIVE BUILDER 
This module extracts 3D primitives frorn the set of 
triplets of stereoscopic images of the object t o  be mod- 
elled. There are two kinds of primitives: segments and 
Jucets. 

For each image of a triplet, an edge detection provides a 
sol of %D Segments defined as pairs of 2D points. 'I'llese 
segtnents are then usen~bletl  into 2L) 1~'ucels de f i~~ed  as 
ordered chains of 2D Segments surrounding an homoge- 
neous region 12). The 2D Ihcets are supposed to corre- 
spond to the projections of the facets of tlrc YD objcct on 
tlre image plane. 

A stereovision algorithm [l]  provides 3 0  Segrnents us- 
ing the three sets of L'D Segrnents extracted from each im- 
age of the triplet. They are used to  build the YD Fucels, 
defined as ordered chains of col~lanar 3D Segn~ents. The 
dillicult point is to retrieve the correct ordering of tlrcr 3D 
scg~ncnts co~~s t i tu t i~ rg  each 3D 1:'rcct. l l ~ d e c ~ l ,  t l ~ e  rebull 
of the stereovision is of poor quality I~rc;rusc of the crrors 
of edge detectioll a ~ ~ d  because of tllc fact t l ~ a t  sorue parts 
wlricl~ ;u.cb visible in iill iulagc of t l ~ c  triplt:~ are occluded 
in the other images. The 2D Facets of the three images of 
the lriplet are ~na tc l~ed  so as to detern~ine the orderil~g of 
the 3D Segments by concurrently following the ordering 
of the 2D segmer~ts of the 2D Facets. 

If 3D Facets were only characterized by the chains of 
seglnents reeprcbenting their edges, thct strategy buildcr 
could ~ ~ o t  efficiently c o ~ ~ t r o l  the recotlstructiot~ of LIIC 01)- 
jcct. Querltitative in fo r~na t io~~  is tlccc,shiiry. I'aclr 31) 
I:acel is t l ~ u s  associated wit11 a vector ol' attributes conl- 
posed of two pu t s :  lr~lrirrsic puruirrelrrs, wliicll are pril11- 
itivc dcprlldent, and extrinsic puru~rrrlet.s, like the ~lcigh- 
bouring relations, which are colrtext dependent. For the 
niomeut, we only use irltrinsic paran~cters: 

The surface: I t  is con~puted as tlie s u ~ n  of the signed 
surfaces of all the triangles dofined by the gravity 
celitre and two corrsecutive vertices of the 3D Facet. 
The greatest and sniallest it~ertia axes: T l ~ c y  are 
cornputed f r o ~ ~ r  the inertia axcx of all the triallgles 
dclined by the gravity ccr~tre ;ultl two consecutive 
vertices of the 31) 1:acet. 
T l ~ c  perin~eter. 
The mean distance between the gravity centre and 
all the vertices of the 3D Facet. 
The maximal distance between two vertices of the 
31) Facet. 

3. THE STRATEGY BUILDER 
11 would be too tinle co~rsulr~ir~g to lnatcl~ all the possible 
pairs of 3D Views. 'l'hrrefore, the Strategy Builder clab- 
orates a reconstructior~ strategy, i.e. an order to match 
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Let 3DFucetSetA (resp. 319FucetSet~j) be the set of 
3D lhcets in 3D View A (rrsp. 31) View B). Two 3D 
Facccs and I;': are clrose~~ in 3 D F a c e t S e t ~  so that: 
bullet the angle between their normals is as close to  as 
possible 
bullet FA and F: nlatches respectively FA and F; in 
3DFucetSeto 
Let N: ( i  E { A , B )  and j E {1,2)) be a vector orthogonal 
to F: and G', (a E { A , B )  and j E {1,2)) the gravity 
centre of F:. Let L: (i E {A,1.3) and j E {1,2)) the line 
p~ssil ig by C: ant1 Iravi~rg N: as si~l,porting vector. Wc 
c o ~ ~ ~ p u t e  t l ~ c  3D Segnrc~~t  [P!, P:] as 1,: passing by 1': 
(i E {A,J3) and j E {1,2)) and [F!, IJ?] orthogo~ral Lo L! 
and L: (i E { A , B ) ) .  
CA (resp. C o )  is defiued as the middle of [ P i ,  P:] (resp. 

[PA, Pi1).  
From CA and CB we compute the vector rotation between 
View A and View B. 

4.1. The Colnputation of the Rotation 
'I'l~e vectorial rotaLion HA" is computed using I<im and 
Aggarwal's 111ethod described ill [XI. 'l'l~e rotatio~r is rep- 
resented by the vector of the rotation axis 9 and all angle 
0 so that: 0 = )1Vl) where V is given by: 

T l ~ e  nest step is the c o ~ ~ ~ p u t a t i o n  of the translation be- 
twce11 3D Vicw A Lo 31) Vic!w N. 

4.1.1. The Corrrpulotaorr oJ llre 'li~utr~lutioir 
T l ~ e  error on the coordinates of t l ~ c  3D I'oi~~ts CA and 

CB (cf. Fig. 2) depends on the accuracy of the co~nputa- 
tion of the normals, which we do not kuow how to csti- 
mate for the ~ r ~ o m e n t .  The translation is thus conlputed 
using two new 3D Points SA and SH. Let PAA (resp. 
P;,) be the projection of GI (resp. Czl) on Facet f.=: 
(resp. FA) and (resp. pAn) be the projection of G b  
(resp. G i )  on Facet F i  (resp. FA). Let SA (resp. So) be 
tlre ~t~idclle of tlrc s c g ~ ~ r c ~ ~ t  [ I ~ ~ , , , P ~ ~ ]  (resp. [fJAU,PzB]). 
So, we d e f i ~ ~ e  the translation as follows: 

We present IIOW tlrc Superstructure, tlre ail11 of whicl~ 
is t o  gather the inforrnatio~t given by the 3D Matcliing 
Builder. 

5. THE SUPERSTRUCTURE 
T l ~ e  i ~ r f o r ~ ~ ~ a l i o n  supl,lietl by the 3D l'ri~r~itive Builder 
a ~ ~ d  t l ~ c  31) M a t c l ~ i ~ ~ g  I3uildcr (3D 1:acct ~ ~ ~ i ~ t c l ~ i n g s ,  3D 
S ~ ~ I I I ~ I I ~  ~~i;rtclri~rgs and rotations a ~ t d  t r a~ t s l a t io~~s  be- 
twce11 31) Vicws) is grouped ill t l ~ o  Srrpcr>lructu~.e, w l~ ic l~  
is used to construcL tlrc global ~l ro~lc l  of Lhc object. 

The l~ri~nitivcs are divided illto ecluivale~~ce classes: 
Two primitives belong t o  the siune class if they have 
been matched by the 3D Matcliing 13uilder. As there are 

Figure 3. Structure of the 3D Facet (3D Segment) Super- 
structure. 

two kinds of primitives, facets and segments, the Super- 
structure comprises two parts: The 3D Segment Super- 
structure contains tlre equivalence classes oC 3D Segments 
whereas the 3D Facet Superstructure contains the equiv- 
alence classes of 3D Facets (Fig. 3). A 3D Segment is 
represented by the two 3D Points cor~stituting its extrem- 
i t i ~ s .  A 3D Facet is represcntccl by the list of the segnrents 
constituting its edges, ils gravity centre and the nor~nal 
to the least square plane of the facet. Each equivalence 
class is associated with a elenlent representative. The co- 
ordinates of a 3D Segment represe~rtative are the mean 
coordinates of the  extremities of all the 3D Segments of 
tlre corresponding class. The normal (resp. gravity cen- 
tre) of a 3D Facet representative is the mean normal (resp. 
gravity centre) of all the 3D l7acets of the correspo~~dir~g 
class. 

It is possible that two co~~secutivc. 3D Vicws I~avtr not 
been matched, because, for exan~plo, tl~c? aspect of the 
object c l ~ a ~ ~ g c s  betwce~r t l ~ c  two vic:ws. The: coordinates 
of all the 3D Primitives of a sctrios of co~rsccuLivc ~ r~a tched  
3D Views are expressed in the frame of a unique 3D Vicw 
of the series, chosen as reference. The elements represen- 
tative of these primitives constitute a so called Skeleton 
of the object, i.e. the structure of a part of the object, 
corresponding to  a given angle of view (cf. Fig. 3). 

6. THE MODEL 

A 3D 1:acct call be viewed as a11 ordered sc:t of 3D Seg- 
lner~ts, but also w a set of 3 0  Scgurc~rts verifying l l ~ e  
same property of coplanarity (ie. t l ~ e  coordinates of the 
3D Segments extreniities verify t11c following equation: 
ax+by+cz+d=O). This second point of view makes it eas- 
ier to formalize the 3D reco~istruction of the object. The 
nlodel of the object is constituted by the 3D Segments 
representative transformed so that  tlrese coordinates of 
3D Segments extremities verify the equation that char- 
acterize thc least nlealls square planc co~~rpu led  fro111 the 
set of 3D l'oints of the 31) 1:acet. We lrave developed a 
~ n e t l ~ o d  for cornpuling the plane of a 3D Ibcet froru its set 
of coplanar 3D Facets. Here we present only the co~npu- 
lation of the 3D Seg~ne~ i t s  of the Model and we suppose 
that the 3D Facets of the Model are ~11e 3D Faccts rcpre- 
scntatives of the Superstructure (cf scctior~ 5). We sketch 
now our ~ l l e t l~od  for co~r~put ing the 3D S ~ ~ I I I ~ I I ~ S  of the 
Model. Let Reps be the set of 3D Seg~ncnts represen- 
tative and Repp be the set of 3D ITacets rcprese~~tative. 
Let Class, denote tlre equivirlc~~cc clws r is the r l e r ~ ~ r n t  
represe~~tative of whicl~. Let LS'eg/ 11: the list of 31) Seg- 
111c11t.s of the 3D I2acc:t J a~rtl  P,(s)  bc! tlre projccl io~~ of 
L11(1 sc2gnre~~t Y 011 J. T11c' set of 31) S C ~ I I I ~ I I ~ S  ShfU,i of the 
~r~oclel SegiClod is con~puted ill tlrc followi~~g way (Itig. 4): 
For each 3D Segn~cnt rcprcsc:~~tative ST,, ill  lteps, we first 
look for a 3D Segment ( 3 0  Scgmrnt k) such that: 

3 0  Segmerit k is in the C1usss,.~,,, and 



Figure 4. Computation of the 3D Segments of the model. 

there exists a 3D Facet representative Frep i11 
 rep^ arid a 3 0  Pacet i in  class^,.^^ such that 
3 0  Segment k is in L S e g 3 ~  pucet , 

If a such 3 0  Segment k exists then the 3D Segment SnrOd 
in SegMod is 7JE.,,,(S,.,); otherwise, S M ~ ~  is Srep 

In this way, the corrtextual infor~natio~r constituted by 
tlre 3D Facets represe~~tative and the intrinsic inforn~a- 
tion constituted by the recorrstructed 3D Segments are 
merged. Therefore, a set of 3D Segments detected as 
coplanar by tlie 3D Facet Builder and incorrectly recou- 
structed can be adjusted. We are currently studyi~rg more 
precisely how to solve the iuconsistencies of the informa- 
tion corrtai~red in tlre Superstructures. 

7. EXPERIMENTAL RESULTS 
Our system have been experime~rted on series of cali- 
brated triplets of stereoscopic i~r~ages .  We present lrere an  
c.xitnrplc. of results otr a scrie of 20 tril~lets. The triplets 
have been irr~?gularly shot d u r i ~ ~ g  a complete revolutiorr 
around the object. The object, a cardboard \>ox, is rather 
sinrple because the i~nple~nentation of tlre ~iratching n ~ o d -  
ules is not yet achieved. Their results have been simu- 
lated. 

The 3D Builder, impleme~rted in C language, con- 
structs a representation (a 3D View) of every triplet in 
terms of 3D Facets and 3D Segments (Fig. 5). 65 3D 

-.,-.-.... -.,- - - .- - .- - .- - .- ........................ I;?: --1 :I::: :::: I: ::: - :z -- .-- ..a .- .A --- -- 
Figure 5. A sample of 3D Views 

Facets have beerr extracted from the 20 3D Views. After 
con~putation of their attribute vectors, tlre facets have 
been divided irrto 4 clusters using the I<-mean algorithm. 
Clusters 1, 2, 3, 4 arrd 5 include respectively 22, 7, 4, 
15, and 17 3D E'acets. The reconstruction pcrfornred ac- 
cording to the order eslablisl~ed by tlre Strategy Builder 
Ir;w provicled 4 SI~CI~LOIIS (Fig. 7). l'lre Sul~crstructure 
arrd Mot1c:l builders are been irlrl~lv~rre~ited in S~nalltalkBO. 

I b . !  1 
Figures 7.a and 7.b show that  the quality of the result is 
almost acceptable wl~en the reconstructed 3D Segments 
are not too much noisy. The 3D Facet information forces 
the planarity of a set of 3D Segments include in same 3D 
Facet (cf. Fig. 7.b). Wlierr t h r  rrcor~structcd 3D Scgrncnts 
are noisy, tlrey ca1111o1 be ~ ~ ~ c r g e d  illto tlle 3U I"acrts.lt 
seems necessary to  use extra contextual illformation, such 
as groups of connected segments or groups of colinear seg- 
ments. 

8. CONCLUSION 
The originality of our approach is the use of 3D Facets 
as global 3D primitives but also as contextual informa- 
tidn about the 3D Segments provided by the stereovision 
process. The relations of coplarrarity between segments 
is propagated through all the successive steps of the re- 
construction, u~rti l  the constitution of the final model. 
We r~lust now pay a particular attention to three main 
points: 

Introduce new 3D primitives, such as coli~iear 3D Seg- 
ments and coplanar 3D Facets, t o  be efficiently used dur- 
ing the constructio~r of the final model. 

Iteconstruct 3D Segments (i.e. edges of tlre object) by 
intersecting 3D Facets, when it is possible. 

'l'o be able to  solve the inco~rsistencies of the informa- 
tion of the Superstructure arid to  revise the division into 
~t-luivalence clhsses. 
I he second point strolrgly del)c~rds OII tlre tlrird poi~rt ,  to 
which our future effort ~lrust  be devoted. 'I'he reduntla~~cy 
of the information provided by the Superstructure might 
allow 11s to obtain much better results. 
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