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Abstract 

This paper present,s a new 111ethod for recognizing ant1 lo- 
cating an ol~ject  in an i~uage.  T l ~ e  contours of the s l~apes  
are tlcscril)ttl by line seg~nents. The basic idea is t o  gener- 
at? tliago~lal paths in a t,al)le where tlre colunlns represent 
t.he. ~llotltl s e g i ~ ~ e l ~ t s  a.11tl the rows the scene segments. Each 
pa t l~  represe~~ts  a ma tc l l i~~g  I)etween a part of the model and 
a part of the scene c o ~ ~ t o u r .  The lo~lgest path is considered 
as the Iwst 111atch. 

1 Introduction 

111 rol>otic applications ant1 industrial v i s i o ~ ~  one of the most 
i ~ ~ ~ p o r t a ~ ~ t  proh1e111 is to idrntify and locate objects in a 
sce11e. 
\ V ~ I ~ I I  ol)jt~cts are isolattd, classical ~uethotls are basetl on 
a tlescriptio~~ of shapes 1)y glohal featl~res s11cl1 as area, size 
~ I I I ~  I I I O I I I ( ~ I I ~  *. ' ~ I I P S P  rvat 11rt>s ar(, rc1ial)Ic 1)11t I ) P ~ O I I I P  total? 

1ltnc.c. th(1 rtsc of local fb;~tru.c,s \vhirb tlescril)e limitetl por- 
tiotrs oS t I I P  sllape is nt,ccls.;ar!. for partially ;rlteretl or oc- 

One approacl~ is t o  tlescribe each object by a relational 
grapl~ .  Each node in the graph represents a feature and ail 
arc between two nodes expresses the relationsllip or compat- 
ibility between the features. The matching process cotlsists 
of finding a sub-graplr isomorphism between the iillage and 
the ~llotlel graphs. This isomorphism may be achieved by 
a rrlasation tcclu~ique. a tree searclr tecl~r~ique or a mas- 
i111al clicl~~e fi11di11g ~i le t l~ot l  [BHA S4] [BAL 821 [SKO 881. 
TIIF Local 1:eatures Focl~s (L.F.F) method developpecl by 
Bolle5 ant1 C'ain [BOL 821 itlentifies objects partially visi- 
I~le 1,y f in t l i~~g 111axima1 cliques to  establisl~ a first match- 
i ~ ~ g  I~yl)otl~csis.Then a t e c h ~ l i q ~ ~ e  of pretliction and verifi- 
rat1011 is applietl. The firqt l i~ll i tat io~l of these n~ethods is 
the r o ~ ~ ~ l ~ i ~ ~ a t o r i a l  e x ~ l o s i o ~ l  w l ~ e ~ l  t l ~ e  11u111l)er of features 
i~~crtvtses. 'The approacll tleve101)petl I)y Ayacl~e [AYA SF] 
is I)ascxtl I I ~ ~ I I  111atchi11g si~nple descriptio~~s of the scene 
;111tl the ~ ~ ~ o t l e l  hy a t e c l ~ ~ ~ i c l l ~ e  calletl HYPER (H\-pot,l~esis 
Predicted and Evaluatctl Recursively) of l~ypotl~eses gener- 
ation ant1 v~rifica.tion cor~plecl with a recr~rsive estima.tion 
of the 111ode1 t o  scene transfonuation. Also based upon the 
principle of ~)retliction-verifi~a~tion, the ~netliod developped 
1)y Boltyakl~f [BOU] takes illto account the structliral rela- 
t i o ~ ~ s h i p  1)etwten t,l~e segments to  initialize and propagate 
t11e n l a t c l ~ i ~ ~ g  hypotl~eses. Tlrese prediction ant1 verifica.tio11 
tecluritlurs a r t  fast. accurate and robast to noise. hlcIntoch 
and h111tcl1 [hIcIN 881 present a new approach to  match 

line s e g m e ~ ~ t s  estracted from image pairs. A match fi~nc- 
t,ion tleternlines t,he strengtl~ of the si~l~ilari ty bet~veen a pair 
of 1ines.Pairs which are 111utually best nlatched are consid- 
ered as correspoltdi~~g lines. The results i ~ ~ d i c a t e  that t,he 
lllethod works well in ~ l ~ o t i o ~ l  and stereo cases. Another ap- 
proacll is t11a.t of Lee and Yu [LEE $91. Their metllod relies 
on line-l~ased stmctural matching. To measure the similar- 
it,? 1)et\vee11 line segrne~~ts .  a .;et of 11~igl1I)nring \ P ~ I I I P I I ~ S  is 
ft11111d for C>:ICII S P ~ I I I P I I ~ .  111 or(Ivr to y t  ;\cc.llratc~ ; I I I ( I  r ~ ~ l i i ~ I ? l ~  
I I I C ~ \ S I I ~ ~ ' S .  c.nr11 sep,111t>111 i h  >{)lit  iut (3 hl~ort 1)art s of t l ~ t  sa111f' 
l e i~g t l~ .  I~~~latioltsltil) I I I I , ; I ~ I I ~ ( , S  a r ~  C O I I I ~ I I ~ P ( I  I ) P ~ \ \ . P o I I  ~ac11 
S ~ > ~ I I I O I I ~  ; I I I ( I  its n~igI111~1rs. .i h i~~~ i l a r i t y  I I I P ~ S I I ~ ~  p~r111its 
to  fi ~ ~ t l  t he s e g ~ n c ~ ~ t - ~ ~ c ~ i q l ~ l w  pairs n. l~icl~ correspo~~tl ill t11e 

two in~ages. Dyna~nic p rog raou~ l i~~g  recently app~are t l  as a 
tool for ~uatching inlages nuder severe tlistorsions ant1 noise 
co~~dit.ions. hlaitre a ~ ~ t l  \VII propose a.11 elastic ~ l ~ a t c l ~ i ~ l g  
~l~et . l~ot l  I~ased 011 ~ I ~ I I ~ I I I ~ C  progra11111li11g to solve the 1)rol)- 
le111 of elastic tlist,ortio~~s [hIAI PP]. T l ~ e y  11a.ve also proposetl 
other solutio~ls to  register a pictnre against a referellre in 
the t ra~~sla t ion  case [hl..\I 87 a]. the parametric case [IYlT 
PG] aad in the 11011-parametric ca,se [MA1 871. In all t l~ese  
cases dynan~ic progra~llming finds a global illatchi~lg opti- 
n l ~ u u  a.s the hest pat11 I)et.ween two seqrleilres of features. 
Applying also the tec l l~~iqr~e  of dyila~llic progranl~liing Gor- 
~ l iann and al. [GOR SG] use contour s e g ~ l ~ e i ~ t s  characterisetl 
by their Fo~lrier descriptors to recog~lize partidly distortletl 
or inconlplete contours. 
This paper presents a near il~ethod for recognizi~~g distortled 
or occl~~detl  objects ill all in~a.ge. The objects are a s s u ~ ~ ~ e t l  
t o  l)e flat. The tnethotl rises line segiuents t o  descril,e a 
given shape. Each segm~nt  is cllararterised by its Iet~gth 
I. its mitlpoint coortl i~~ates ( . I . .  y )  ant1 its or ienta t io~~ H. \Ye 
proceetl tl1r011g11 a t a l~ l r  were tile ~ O ~ ~ I I I ~ I I S  represent the 11 
111otle1 s e g ~ ~ l e ~ ~ t s  ant1 the rows the N scerle segnler~ts. T l ~ e  
lmsic itlea is to  generate in this table tliago~ral pa t l~s .  earl1 
one r ep re se~~ t i~ lg  a lna tc l l i~~g I)etarecn a part of t l ~ r  n~oclel 
a ~ ~ t l  a, pa.rt of the scene. The lo~~ges t  pat.l~ is consitleretl as 
t,he best match. 

2 The matching procedure 

2.1 Generating paths 

The paths generated in the 11Ix N table consist of nodes cor- 
responding t o  local matches between scene and illode1 seg- 
n~ents .  Each path correspo~~ds  to a illatclr between ~liotltl 
and scene contoi~r parts. .It P R T I I  I I O ( I P  a 1110cIel to see111, 
t r a t ~ s f o r ~ ~ ~ a l i o ~ ~  a11t1 ;I c115f \ . ; I IIIG,  al.(> ~ > I ~ I I I ; I ~ V ( I .  TI113 tr;111s- 
Sor111a1 ~ O I I  is t he proc1111.I 111.a rot ;]I io11. ;I sca1i11~ a11t1 a t ra113- 
latioil. .is \ v ~  develop ;I [)at11 \ve calcr11;ltr tlrrs avprage of a11 



t 116, local t r i~nsl 'or~~~ations corr t~spt~nt l i~~g ~ C J  t I I ?  pat11. The 
cost vall~e per~uits 11s to c o ~ ~ l r o l  ~ I I P  c111ality of the ~natch.  

ant1 g r ~ a r a ~ ~ t e r s  t11a.t. for a given pat,h, the variation betweell 
the averaged transforn~ation ant1 the local tra~isforniations 
is not too in lpo r t a~~ t .  
Let's suppose that we have developped, up to the node 
( i  - I, j - 1 ), a path representi~lg a partial match. At this 
node we store the pa.ra~neters of the correspoiidi~~g aver- 
a.getl geonlet,rical tra.nsforma,tion Ti-l,,,-l, t , l~e cost c( i  - 
1,; - 1 )  associa.ted with the pa.th, and the lengtl~ of t,he 
pa.tlr L ( i  - 1. j - 1 )  which is the numl)er of nodes of the 
pa t l~ .  At, t , l~e node ( i ,  j) we compute the para.nieters cor- 
respontling to  a. local matching between the scene segment 
St. Si = (2:. y:. lf.H:), and the nlodel s e g ~ i i e ~ ~ t  AG, AZj = 
(.r:;', yJ". I;". H,yL ). This nla.tcIii~~g is expressed by a geometri- 
cal tra.nsforniation TiqJ = (LiJ,8;,,l^sJ,iS;), b;j,9ij,Fj a.nd Tj 
being respect,ively the scale, the rot,ation and the two trans- 
la.tion paralneters. These paranieters are computed by: 

8' . = y: - ii,, .(.rJ"'. sill 8,. + y;" . cos 8;. ). ( 4  ) 19.1 

TIIPII wr coulpare PI, to the averaged tral~sformation 
T,-l,,-l, Ily co~nputing a distance value rI(T,-lJ-l.FIJ). 
This t l i s ta~~ce nleasllre is a weiglrted suln of the absolute 
tlifferences 1)etween the paranleters of the two transforma- 
tions: 

~~(Ti-lJ-lqTij) = &. 1 bjj -Ti-Ij-l  1 
+&. 1 $Ij -8i-lj-1 1 
+-, I ;.'' - i"' ( 5 )  

At,,, I 1-1.1-11 

+a. I T,  -Y-l.l-l I 

d(T,-l,l-l. f,,, ) tali1.s ;I I I I ~ I I ~ I I I I I I I I  value of zero 1v11en the two 
t rirl~sforn~ations art> itlt.11 tiral. nntl increases wit11 the dispar- 
ity of the t ransf 'or~l~at io~~s ~);~ran~etr.rs. \\'it11 the tlistance d 

ant1 the cost value c( i  - 1,; - 1 )  associa,ted with the path 
ending a t  the node (i-1,  j - I ) ,  weeva111a.te the cost c(i, j) of 
the pa.th we plan to extend to  the node ( i ,  j). L(i - I ,  j - 1 )  
being the pat,lr length. we have : 

( 6 )  
If C( I ,  J )  is witl~in a given threshold c the p a t l ~  is exte~~det l  
to the notlr (I,;). We n ~ u s t  therefore evaluate the parame- 
ters of the nlean geonietrical transformation relative to the 
extentled path. ('onsidering that the path begins at the 
col~nun i t ,  these parameters are computed as follows : 

- 
- ei-,j-l. C;]=t, 5' + 8ij.15" 
H i ,  = (8 )  I;>=,1 I? 

\fre store the cost c(i. j) ant1 all these paran~eters in the 
ta l~le  entry (i.;). 111 the case wl~ere c(i ,  j )  is greater than 
the tl~resholtl c the pat11 entls at the node ( i  - I. j - I )  ant1 
a new one I)egins at t.he notle ( i . j ) .  
Furt,bermore, t o  t,reat the case of closed contours, we try to 
extend each path reaching a notle ( i ,  N ) ,  i.e the last C~~III I I I I ,  
t,o a node ( ;+I ,  1).  This is availahleonly for the pa.ths which 
(lo not 1,egin at the first c o l ~ ~ ~ n n .  

Once all the pat l~s  II;I\.v I ) ( Y , I I  g ~ ~ ~ r r a t e d  \vt' c011sider tile 
longest one to ~ l ~ i r l l  i111 i~~(,raqed transfor~natinn ant1 a 

cost c a.re associated with. The transforma.tion is there- 
fore considered as the model to scene geo~uetrical transfor- 
n~ation. Because of t , l~e partial occlusions t,lre pa.t,h limy 
have been interrupted. In order to find ot l~er  ~nat,cbes, we 
al)ply the transfor~nation T to the model seg~nents out,- 
sitle t , l~e path. and for each one, we try to fincl the cor- 
responding scene segn~ent. Hence a.ny of the ~notlel Reg- 
I I I C I I ~  A[, = ( .I.,?. y; .lyl. HI" ) is tra.nsfor~urd int,o a segnlent 

ill,; = (.r;. !!;, I;, 0;) by t , l~e trausforn~at,ion T = (b.$.i"'.i"). 
r > 111r. image of )\I,, is give11 I)y : 

y* = 7" +,( .r; . sin iS + yJ" . cosij) (12) 

170r ear11 I I I I I I I ~ ~ , ~ ~ ~ ~  segnl(>nt S, we c o ~ i ~ l ) ~ ~ t e  a dissin~ila.rity 
nleasnre rl;,; bet we el^ 111,; and ,S;. This Ii1easure is a. posi- 
tive weight.et1 SIIIII of t l ~ e  tliRerences l ) r twee~~  t l ~ e  s r g ~ n e ~ ~ t  s' 
para~neters aud is sinlilar lo t l ~ c ,  one l~setl in [i\Yi\ XG]: 

AH,, (I,, = p.- + 4.- A EIJ + I..-- At,,)  (15)  
AH,,,,,,. AE,,,,,,. AL,,,,,,. 

P. 4 and r are the positive weigl~ts ant1 AH ,,,,,,. A E  ,,,,, ,. ant1 
AL,,,,,. a.re the 111)per tolerances for each tlifferel~ce va111e. 
The ratio providing a Inore reasonable con~parison for t,he 
l e ~ ~ g t h ,  we tlefine AL, ,  as : 

l / ; - l ; l  A t , ,  = - 
1: 

011 the other I~antl. all a l )sol~~te  vallle 01 t11e d i f i r ~ n c e s  he- 
~ \ V ( V ~ I I  t 1 1 ~  ~ I I ~ I P S  or  t11v 111idpoi11t t~nor(Iin:~tt~s is s ~ ~ f f i c i ~ ~ ~ t l y  
rt5I~v:111t. T I I ~ I I  AH,,,. Al.',,, ; , r ~  ~ I S I ~ I I P ~ I  : 

Tile   no st sin~ilar cantlitlate S, is the one giving the I I I ~ I I -  

imnni v a l ~ ~ e  (I,, \vl~icl~ is also lower t l ~ a n  one. At t,l~is stage of 
t , l~e algorit l~n~ we e v a l ~ ~ a t e  anew the para~neters of the seg- 
~ n e ~ ~ t .  A!, t.o the segment S i  transforn~ation by t,he ~qnat ions  
( 1 )  ( 2 )  ( 3 )  (41,  ant^ we con~put,e d(T.Pi,) wit11 (5 ) .  \Ve t,I~en 
evaluate the cost c(i. j) by (6 ) .  In the case where it is lower 
t l ~ a n  c ,  A I j  is 111a.tc11ed wit,l~ 3, ant1 the para.lnet,ers of the 
nlean t,ransforn~ation are atljusted with eql~ations ( 7 )  ( 8 )  ( 9 )  



; I I I ( I  (10).  Ot.I~er\vise A!, is left witl~or~t. s c e ~ ~ e c o r r e s l ) o ~ ~ d ~ n t ~  1)1,rpo\itio11 of t l~i ,  I I I C I I I P I  ~ I . ~ I I I ~ I ' ~ ) I , I I I I Y I  I I I ) O I I  t 1 1 ~  S~C>II( , .  T11e 
;I I I ( I  \I.F' cot~si(ltv a IIPW l~lotlel s e g ~ ~ ~ e ~ ~ t .  The searell process t i 1 1 1 ( 3  o f t l ~ v  I I I ~ I ~ ~ ~ I ~ I I ~  i ,  : l o l ) ; ~ I l \  I I I I ( I I > ~  20 S ~ Y . ~ I I I ~ I S .  
stops ~vit 11 t l 1 r2  last motlel seglnenl. exp1orc"l. The last, stel) \\'c, (.;III s i ~ .  t11ro11gI1 1 1 1 1 ~ s  t\vo 1~2;i1111l)lf~s. I l l i l l  t l ~v  trans- 
ronsisls of t 1 1 ( ~  c~valltat.ion of the ide~~ t i f i ca t io~~  c111a.lit.y Q. Q  ti^^^^ ~ ~ 1 1 1 1 1 1 ~  I 1111 I l l ; l l , . l l i l lR  I) l .Oel~ss aivc' ( I , l i t~  
is tlrli~~cltl as a ~ ) e r c e ~ ~ t a g e  of the 111otlel Ie l~gt l~  recog~lizetl. ;~c ( , l~ r i~ t< \  l)05itic)ll of t l l , -  I I I I I ~ I , > I  i l l l o  1 1 1 1 ~  51,(,11i,. 

3 Complexity analysis 

I,pt 11s (.o~~si(lr>r t,lle l)rol)leln of fi 11di11g tile loltgest srlbstring 
of sei,ne segn~rnts correspontling to a substring of ~llodel 
segn~c~t~ts  for a well precise transfor~nation. A sin~ple algo- 
ril I I I I I  to treat this prohlenl is to shift the segment string of 
tl~r, u~otlel all along a seg~uent string of the scene looking for 
a 1natcl1 ant1 to repeat the process for all the sce~re seg111e11t 
strit~gs. If a local esti~nation of the t ra~~sforn~at ion is used 
as in ~ I I P  algoritl~nl presented in this pape~.. . The complex- 
ity of this algorith~u is O ( N  x dl2). :\I being the nu~nber 
of ~notlel scgn~ents a ~ l d  11' the nun~her of srcne seg~nents, 
' 1 ' 1 1 ~  a lgor i t l~~n ~)res t~nt t~d in this paper is constitntetl of two 
I I I R ~ ~ I  s t(ys.  Tiit, first one consists of fintling diagol~al pal.11~ 
i n  a ,\I x ,V t.abl(> I)y proetedi~~g 1i11e by line seql~e~~t,ially. 
AII~I  tlie scrontl one consist,s of fillcling t.he ren~aining local 
corrc~sl)o~~clr~~ces orttsitle the longest pa.th. T l ~ u s  the time 
co~l~plrxity of tltr algorit.11111 is O(hr  x A / ) .  It Itas t.lre main 
i~ ( Ivan ta~(~s  to I)(, (~asily pari1Il(4iz~(l 011 i~ sl)t~cializt~(l l~artl- 
I,., ,111 ., . lo III, Cil~;t  ~ I I I ( I  lo r i~~l l~i ro  i~ I I I ~ I I ~ I I I I I I I I  I I I C > I I I O ~ ~  sl) i~c(~. 

111 1';1ct \vt3 (.;III 1)r11(.('1~1 (liaso~~:rll!. t l r r o ~ ~ g l ~  1I1i. I;rl~le. Ilc~nro 
\ V I >  I I W Y I  to I L I v > I )  i l l  I I I I ~ I I I I I ~ >  I I I V  i ~~f ' o r~~~i t l i ons  reli~tiv(, to ~ , I I P  
1 ~ v t )  l;~sl no(Ios of' t I I O  1);1t 11 I I I - ~ I I C  g1~11c~rat~(l .  ; I I I ( I  t11e i ~ ~ f r ~ r -  
111;11ions rol;~ti\.~t to t 1 1 0  l;15t l)i,st pat11. s(~t111(~11tiaI. IVP IICWYI 
to kc\(,[) i l l  ~ ~ ~ c n ~ o r y  only t.wo rows of the ta l~le  to esti~nale a 
t r ;~ns fo r~ua t io~~  ant1 to try to extend a pat,lr. T l ~ a t  is 1,ecanse 
at a ~ ~ o t l e  ( i .  J )  ~vc .  ~leetl the informations stored at the notle 
( i -  1 . j -  I ) .  

4 Experimental results 

TIIP algoritlui~ 11a.s I)een implemented in C' la.nguage on a 
DN-:WOO r\POLI,O worlc s1a.t ion. All t,he seg111e11t.s were oh- 
tainctl esprri~ucl~tally.  The images were aqnired by a C'.C'.D 
r a ~ ~ ~ e r i ~  in 110rn1a1 ligl~tillg conditions. We ol>ta.inetl ill~ages 
of sizr 256*256. Tlw ~ ~ o i n e  wa.s t l~en  suppressetl and tile 
~ O I I ~ O I I ~ ~  I ' ~ I I  I I C I  1)s :11)l)Iyi11g a S o l ~ l  01)c~rat or a11(1 a t 11r~~s11- 
oltling t(~l111ic1nc. T l~es r  co~~torrrs were th i~~net l  ant1 we ap- 
plii>tl t11o (;irr711(1o11 ~ P C ~ I I I ~ ~ ~ I I C  [GIR $71 to find a list of pixel 
r l ~ ; ~ i n s  rcy)r('s(>~~ting t lrc. contol~rs. Ear11 pixel ellaill was a1)- 
~ ) r o x i ~ n a t ( ~ ~ I  1 0  I ~ I I P  S I > ~ I I I P I I ~ , S  by I I S ~ I I ~  the Pavlitlis t ec l~~~ ic l r~e  
[['.\\' ~ 2 1 .  '1'0 i1111)rnve t 1 1 ~  ~ ) e r f o r n ~ a ~ r c ~ s  of ~ I I P  algorit l~n~ we 
I~atl to cl~onst. cart~f11I1y all the weight fartors r~setl wit11 the 
(Iistal~cc ; I I I ( I  t , l ~ ( >  ( l issi~~~ilarity cn~np~rtations (t lw ( l i s t an r~  
I)ct \r.rcall tn.o 1 r a ~ ~ s f o r ~ n a t i o ~ ~ s  a11c1 t,he tlissi~nilarity between 
t\ro scgnlcwts). I1eca11se 110 rrtles have 11ee11 estal)lishetl for 
t11:1t l)~".l)os~. !vf' rl~osc, the Iwst ureigt 11s I ) R ~ R I I I C ~ . P ~ S  exppr- 
i111~11ti1lly. 

T.'i{/l sl~o\vs a con~l)osite sceiie of a Iiaslinirr and pliers 
1vi t l1  no ovc>rlirl).Tl~is scene co~isists of 57 segnle11t.s. The 
I I ~ I I I I I I ( ~ ~  SIIOIVII i l l  J;'i{/:j is I I S C ~  as a ~notlel alrtl is cornl)osetl 
of 4.4 s e g ~ l ~ t ~ ~ ~ t s .  Tile l~a i l i~~ ie r  is t r a~~s fo rn~ed  I)?. t,he trans- 
forn1atio11 ~ O I I I I ~  at the e~rtl of the pat11 during the 111atc11ing 
process. Fig'$ sl~ows the result of the s r~perposi t io~~ of tile 
t ra~~sfor~net l  n~otlc,l I I ~ ) ~ I I  the scene. 

k ' i {~ 'L  is a11 image of t l ~ e  I~animer overlappetl l)y pliers. 
'I'his srtLllo I~as  ( i T  s ~ g ~ ~ ~ r - n t . .  I'i!jT, give> t l ~ c ~  ~.vsr~lt of t h ~  ~ I I -  



5 Conclusion 

- - - .- - - - - - 

111 th i s  I)ill)er \vt, have  proposetl  a Ilrtv ~ u e t l ~ o d  to t ry  t,o 

solve t h r  ~ n a t c l l i n g  p r o l ) l r n ~  I)rtwee11 a scr l l r  a l ~ d  a 111odel. 

'r11e a lgo r i t l r~n  uses  line segl l le~l ts  which tlescril)e tl ie bound-  

a r y  s l~a l ) e s  ant1 proceetls as follows : t h rough  a t a l ~ l e  were 

t l ~ c  c .o l \~~ l rns  represellt  t h e  ~ u o d e l  s e g ~ l ~ e ~ ~ t s  a11tl t h e  rows 

t11e scene segtuents .  t l iagonal p a t h s  a r e  generated.  T h e s e  

pat l l s  consist  of nodes  c o r r e s p o ~ ~ t l i ~ ~ g  t o  a local m a t c h i n g  

I ) e t \ v e e ~ ~  a. s cene  a n d  a ~ ~ i o t l e l  s e g ~ u e ~ ~ t .  Each  p a t h  repre- 

s en t s  a ~ u a t c l l i n g  I)et,wee~r a pa r t  of t h e  nlodel a n d  a p a r t  of 

t 11e scene.  \Ve consider  t h a t  t , l ~ e  longest. p a t h  corresponds 

t,o 1.11~ Iwst ~i ia t ,ch .  \'e t h e n  t r y  t,o find o t h e r  c o ~ l s i s t e ~ l t  

111at.cI1es ou t s ide  th i s  p a t l ~ .  T h e  a lgor i thm h a s  bee11 shown  

1.0 recog~rizc  nnknomn con tou r s  ~ v h i c h  have I ~ e e n  rota,t,ed 

ant1 t ransla te t l .  F n r t h ~ r n ~ o r r  precise k ~ ~ o w l e t l g e  of scale is 

I I I ) ~  ~ ' ~ c l ~ t i r c ~ ~ l . H o n . c ~ v r r  I he, i r l ~ o r i t l ~ ~ ~ ~  itlso s 1 1 6 r s  fro111 so111e 

li111itiitit111s. .l prol)1~111 i b  G , I I ~ ~ I I I I I ~ + ~ ~ P ( ~  \ ~ I I P I I  a 111ocIe1 seg- 

I I I I ~ I I ~  ; ~ l ) p e ~ ; ~ r ~  f r a g ~ ~ ~ r t ~ I ~ > e l  i l l  tI11, S(-C~IIP.  111 t l ~ i h  par t icular  

c.;~sc> t I I P  ~ ~ ~ o t l c l  s r , s ~ ~ ~ r n t  c .o r r+~spo~~c l s  to t ivo o r  more  sho r t e r  

S ~ , ~ I I I ~ \ I I ~ S  ~ I I  ~ I I P  S C ~ I I P .  O I I I ~  call t r y  t o  solvr  t h e  p r o l > l e ~ l ~  by  

co~ls i t ler ing vertical p a t h s  i n  t h e  t a l ~ l e .  T h e s e  vert,ical p a t h s  

\r,orlltl esp~.c,ss t h e  fact t h a t  s o ~ n e  successive scene segments 
c o r r e s l ) o ~ ~ t l  to o~ie nlotlel seg111e11b. However for t h i s  solu- 

ti011 we  ~ l l u s t  find robus t  s i~l i i lar i ty  and cost  nleasures. T h e  

o t l ~ e r  s o l ~ ~ t , i o n  we  ca.n look a t  is t h e  line l inking : shor t  lilies 

c o ~ ~ l t l  I)e l i~rket l  t,o for111 a longer one. W i t h  th i s  solut ion,  

i l l  a t l t l i t io~l  t o  t h e  increase  of t h e  compnta t iona l  t inle.  we  

I I I I I S ~  I)t> carefill n o t  to over-link. Tl le  s t u d y  of t hese  t,wo 

so l l t t i o~ i s  to t h e  p r o b l e ~ n  of I ) rokc,~~ lines will be t h e  s u l ~ j e c t  

of o u r  l r ~ t r ~ r r  \vorks. 
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