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ABSTRACT 

As a Gradient rlctector produces two extrema when ap- 
plird t,o a line, we propose an original method which 
is bawd on sr~cll a detector but which appropriately 
rcs-ponds to both step and line eclges. The ma.in idras 
are first to ident,ify line contours using geometric and pho- 
t,omctric propcrt,ics and second to s~tbsti tute a line for a 
single cont.oi~r using a simple geometric algorithm. 

1.  INTRODUCTION 

Early vision begins with the computation of a compact 
description of the raw image intensity. Physical edges 
provide fundamental visrtal information since they corre- 
spond to  the discontin1lit.ies of the physical and photomet- 
rical proprrtirs of the objects. Consequently, edge dctcc- 
t,ion  consist,^ in rhnractcrizing these variations in terms or 
t.hc pllysical plirnomcna a t  t.hrir origin. The most com- 
mon rrlgc tlrt,crt.ors dral with st,rp rrlgrs [lo,  2, 41. 
ever, a Rrry scalr image cont.ains variorls kinds of cdgrs 
coming from diIfrrcnt scene cvrnts ant1 diflerent pllysical 
phcnomrna. For cxamplr, an ohjcct on a uniform back- 
ground or fingerprints give rise to  line contours, called 
pi~lscs or roofs, in the digitalized imagc. When applied 
t,o such an image, the Canny dctrctor [2] or a similar one 
prodrtccs two rxtrrma rat,hrr t.han one. For this reason, 
specific dct,cctors, like line drtect,ors [17] or riclge detectors 
15, 7). havr brcn created. Ot,hm line dct,ectors directly 
work on binary or grey scale images using a thinning al- 
gorithm [12, 31. IJowcvcr, a line or a ridge detector givcs 
spuriorls responses to other kind of edges. Works have 
hrcn proposcd t.o select appropriate s t rp  edge drt.cct,ors 
t,o find a given rdge [8, 181. Our approach focuses on both 
s t rp  and linr rdgrs. 

We give in the second scct.ion the properties of the re- 
sponse of a linc t,o a step cdge detector. These properties 
arc used to identify lines inclr~dcd in the image. The 
search and locat,ion of line t=dges include three steps. In 
t,hr first, st.rp (cf. Srction J) ,  all possible pairs of closed 
and pnrallrl segments arc considered a7 candidate linrs. 
T'airs which nrr gcnrrat,cd by lines must have the typi- 
cal profilrs of the roof and pr~lse cdgrs. In t.hc second 
step (cf. Section 4), the pairs of scgrnent.~ arc connected to 
complct,c the corresponding linr rdge, and the extremities 
of the lines are examined. In the third stcp (cf. Section 5), 
the peaks are searched. Examples of the results we obtain 
are present,ed in sixth section. 

2. PROPERTIES OF A LINE EDGE 
Wr tlcfinr t h r  proprrtirs of a lint. rdgc in t.crms of (.he 
Grarlirnt, of t.hr Gatlssian in t,hc following way (Fig. 1 .a): 

w h ~ r e  t l o  and A1 are the left. and right contra5t of the line 
~ d g e ,  and H is the Heavyside funct~on [IS]. The response 

o:  A linc s tep  modcl with lo = -3,11 = 3, An = A1 = 1 
b: The Crndicrtl o f  i.he Gntrssion /n = 11. 

c :  A s t n i r c n s ~  modcl 7oii.h lo = -3,11 = 3, Ao - A1 = 1. 
d :  T h c  Grndicttl. of the Gnrrsninn (n - 1). 

Figure 1. The line step and staircase models (Tnh941. 

of this modcl to the first clerivat,ivc of the Gar~ssian is: 

where y,(r) = - e - 5  is the Gaussian filter. This re- 
.* .-. 

sponsc has two cxtrcma (Fig. 1.b) which generate a tlouhlc 
step in 2D. On t.l~rsr contoi~rs, an rdgc roll ow in^: (61 anrl 
a polygonal approximat,ion [16, 91 grnrrate tuVo CIOSP srg- 
mcnt.s, theoretically parallel, which are tllr rtlgrs of the 
lint. contor~r. Ilowrvrr, a dor~blc cont,otcr can also l,r grn- 
crated by a doitble stcp, shaped like a st.airca~e (Fig. 1.c). 
With the same notat.ions, a staircasr modrl can he drfinrd 
in the following manner [IS]: 

Figrtrc 1.d shows t.he response of fitnction C .  T h r  norm 
of th r  Gradient prrsent,~ two extrcma, for hoth staircmr 
and line moclcls (fig. 1.b and 1.d). 

We use the profile to characterize the two contorlr mod- 
els. The profile of a double contour corrrsponds to the 
three means of the grey levels of the three zones respec- 
tively on thc lrft hand side, in t,he middle and on th r  right 
hand side of the dotlble cont,ol~r. For a line cdge model, 
the mran of the ~nitldlc zone is rit;hrr grratrr or lrss t.han 
t.he ot,hrr t.wo. For n st,aircn.sr motlrl, t.l~r mean of t . l iv  
mitltlle zonr is hor~ntlctl by the ot.l~rr t.wo. l'hrrrforr, a 
line is dcfinrrl by it,s profile and Lwo chains of parallel scg- 
mcnt,s such as t11cir distance is smallrr t,hnn six t,imrs t,he 
standard deviation of the smoothing filt,cr. This tlist,ance 
is roughly the size of the Gar~ssian filt.cr [14. 151. 



Figure 2. A segment and its attributes. 

a: Closed and parallel segments. 
6: Overlapping parallel segments. 

Figure 3. Two segments i ,  j with (1). (2) and (3) fulfilled. 

3. LINE STEP COMPUTATION 
A s r ~ i ~ ~ r n t .  i is cliararl~crized hy inl.rinsic at.t.riblitpcs: O;, 
thc origin of t,he scglnent, I;;;, its extremity, li, its length 
and O i ,  thc angle betwcen the segment and the horizontal 
direction (Fig. 23 ) .  Each ext.remity S of i is associated 

wit,lr intrinsic at.tributes a! and a$ which represent the 
non-biased error on the location of S in directions re- 
spcctivrlv parallel and ort.liogonal to i .  These att,ribiltcs 
arc xssiimcd t.o 11c iiidcpenclcnt and drfinr a so-called iin- 
rrrl.ninl,y rrrl.anglr for raclr nx1remii.y of i .  A scgnirnt, is 
consitlcrrtl i1.9 sijinificat,ivc if CYL, +ak, << li. Using thew 
attribiltes, we definc a so-called unccrtainty hexagon h,; 
a5 t.lir smallest, rrgion inclrrding i (Fig. 2.b). If ah, > c v i , ,  

t.hc vcrtirrs I/,'.," of t,his hexagon are defiiicd as Follows: 

where ti: is t.lrc nnit vcct,or parallcl 1.0 i and 7; is the 
ilnit.ary vrrt,or ort.llogona1 to i .  Each scgmcnt i is providrd 
wit.11 a confitlrnrc r;tt,c which only depends on the crror 

I ,  -"I1 
cf = arctan( "' "L) on the at.tribute Oi. *A, + m i ,  

A pair C,j of segments i and j are considered as parallel 
if. ... 

10;-Oj I ,< r + c : + c ;  (1) 

In our trst  da ta  sct, Y varies from 1 t o  4 degrccs. The 
distance bctwern two segments i and j is defined as 

did(; ,  j) = di.sb(ll,i, h j )  =k,,e?,6 rl(h:, h,:), whcre ht and 
h i  arr  t.llr sitlrs of 1.hr ~~rlcrrt,;~int.y hcxagons 11; a.ntl h.;, 
anrl r l (n,h)  is t.hr 1S~1rlitlrn.ii tlisl.n.nrc Iwt,wrrn l.wo srg- 
ment.~. 'The two segments i and j arc considcretl a- close 
t,o rach ot,hr:r if: 

whrrr Dint is thr  n~nximiim inl.crna1 widt,ll or a linc 
(Fig.3.a). It, is co~ii~)i~I.cd from (.he witlt,li of t,hr filter 
nsed by t.hc edge detection (cf. Scct,ioii 2). Any pair of 
scgmrnf.~ vrrifying (1) ant1 (2) is t.hm considcrcd a? a 
possihlr linc. 

Let Cij hc such a pair. Let 0: and EI (resp. 0; and 
E;) the proj~ct~ions of 0; and E; (rrsp. 0, and I3j) on thc 

a. 1). 
n: A p~rlrc, utith an inlernal zone. 

h: A roof, without nn internal zone. 

Figure 4. The two sorts of line edge. 

,qilpport.ing line of j (rrsp. i )  (T:~K. 3.1)). 1f t.hc srgmcnts 
[OI,E:] ant1 j (resp. [O:,Ei] anrl i )  liaq n common part . - 
r $' 1 (rrsp. 'I;), i and j are callctl ovcrlnpping pnrollcl srg- 

mcn1.s. Cij is a. linr r t l p  if l.hr ovcrlappin~ part. is grrntcr 
than t.he minimiini lcngt-h of a linc, Dm;, . We considrrctl 
Dm,, mllst be grratcr than Dint, in ordcr to  ciisllrc line 
edgc is longer t,han thick. Thus Cij must verify: 

wlicrr IT! and I T ;  arc the 1rnght.s of T j  anrl T;. 

A pair Cil vrrifyiiig ( I ) ,  (2) and (3) is associatcrl wit,h 
I,lirrc. xonrs Z,,,, %;,I ant1 %:,, wliicll rrspcct.ivc*ly reprr- 
srnt tlic IcR rxternal, int,crnal and right cxt,rrnnl regions 
of the candidate linc edgc (Fig. 4.a). %,,I is tlie quadrilat- 
eral defined by T! and T,!. Z,,r (resp. Z:,,) is a rcct,anglc 

defincd I,y T! (rcsp. T;) and D.,t, which is t.hr mean ex- 
ternal width of a line and which is considered cqual to six 
timrs t.he standard deviation of the smool.lring filt.cr. 1,et -- - 
%<,I, Z,,,, and Z:,, be thc mean valncs of the pixels of 
f.hr original iinage in tlir zones Zc,t, Z;,, and Zf, , .  II t,he - 
pair Cij rcsiilt from a linr rtlgc cont.oilr,Zi,l is silpcrior or 
inferior to the others. IIowevcr, bccaiise of the noise and 
the discrt%t.ization of t.hc image signal, t.hc mran value of 
t,he pixels in a given zone is all t , h ~  less significa.t,ivc as (,his 
zone is sinall. From thcir definition ant1 eqrlat,ion (3), the 
minimnm surface of Z,,t and ZLz1 is D,,I x D,i,, which 
is expcrim~nt~ally large eno~igh t.o &,t and %:,, hc sig- 
nificativc. ITowrvcr, from eclrial~ions ( I ) ,  (2) ant1 (3), t.hr 
surface of Zi';,, 1r;lso Iowcr hoilnd. Then we arbihar- 
ily considrr that Zi,t is not significative if thc surface of 
Z,,t is less t,lia.n a givrn ronst.ant D.,,,,,, whirl1 is roi~glily 
(Dm,,)' in onr t,rst. t1ai.a. set,. In t,llis case, 1 .11~  profilr of 
thc linc cdgc only inclndcs Ze,f and Z:,,: We considrr 
that  Cij is a roof cdgc if tlie local maxima of the Gratli- 
ent of the Gailssian which grneratcd the segmcnts i and 
j have opposite signs (Fig. 4.b). This simplified profile is 
not robiist but allows t,he roof cdge to  be distinguished 
from the donl~le st.rp rdgc (Fig. 1.b). 

To slim I I ~ ,  a pair (;',j is generated by a line rtlge if it, 
vcrifes (1). (2), (3) and: 

s q n ( c r r A  D(!)) f S p ( G ' 1 t A  " ( j ) ) ,  

- w1t.11 -- S?lrJnrr (Z, , ,~)  < 
%,,I > mnx(Z?,t, Z:,,) or %i,t < min(%.,t, %:,,), 

wit.11 S~rr/ocr3(%i,c) 2 1) .,,, ,. 
(4 

Tf srvcral pairs vrrify l.hr*sc rqnat,ions for a. samr srginrnt. 
i ,  t,lie srgmrnl, j is srlrctccl so a- tto I>r l.lic rlnsrsl 1.0 i .  
Thr  pair C,j t,hcn hccomr (.he linc rtlgc C { i ) { j } ,  wliirll 
is complct.rly tlcfincd by i1.s profilc 12c{;)(j) and it,s t.wo 
chains Ch atid Ch.'. For 1.1it. momrnt., each of t.lirsc rlinins 
incli~drs a single segment,, i and j rrspcct,ivrly. We now 
try and continue the chains rising scgmcnts which clo not 
yct Iwlong t.o a line rdgc. 



n: A /I-(:. cxlremil.!l I, nnd its continued scgmenl. c',, 
6: A rnttlintrin,q negmenl i .  

Figure 5. The continued and continuing segment 
C- 

nr An ~rndcleclrd rcgment S. h: An nrtificinl acgmcnt S. 

Figure 6. Detection of the  extremities 

4. CONTINUING A LINE EDGE 

Lct. h e  a linc cdge. Jt, is dcfincd hy a profile Fa and  
t,npo orrlrrctl chains of scgmetrt ,~ Ch and  Ch'. 11 so-called 
frec cr/rcrni6?/ of a linc rtlgc is (.he ext,remity of one of t,he 
rhains whir11 p r o ~ r r t , ~  on t,hr ot.11rr chain. T h e  s rgmrnt  on 
wl~ic-I1 I I ~ i s  frrr  vxf.rrrniI.,y is projrr:t.rcl i~ rallrcl conlirrurrl 
nrlymcnl. T,rl. r1, l)r a s rgmrnt  from Ch having a frrc 
c!xtrrrnit.y I, and c',, be  t l ~ c  cont.inrrct1 scgmcnt of Ch.' on 
whirh I, projrr1.s (Fig. 5.a). A par t  of t.he srgmcnt, r;, is 
not. vrt, nsrd i.o form t h r  linc edgc O. W c  t.licn s r a r c l ~  for 
a srgnirnt, i wl~icli do not  yet helong 1.0 a linc ctlgc, such 
t.hat C,,;, vcrifirs ( I ) ,  (2), (3) a n d  (4),  i.c. such t h a t  i 
antl c',, fnrm a linc ctlge C. This  linc edge must. havr the  
sanir  prnfilc ant1 t,hr sarnr orirnt.ation a7 O. Tlir srgrncnt, 
i is rallrrl I.hr rontin?rin,q .scgm,en.l of t h c  line edgr cb at. I,. 

1,rl. S l>r l.lrr orifiin of i sirclr t.l~at. S is on 1 . 1 1 ~  R ~ . I I I C  

sitlv a- I, wit.11 rc.sl)rcl. 1.0 cfl,; i antl el, h;rvr t.hc s a m r  
nrirnl.at.ion, givcn I,y t,hc linr edge 1). Let Sf antl I,' 11r {,he 
respcctivr prnject,ions of S ant1 I, on c L  We can dctlrrcc 
from t,hr strrdv of t h e  ortlrred set  of point,s (S,I,,I,',S1) 
that  t h r  linr etlgcs C anrl ~b form rit,hcr t h e  sa.mc linc, 
rit.hrr two d i f i r r n t  conncct,ccl linrs o r  two diffcrcnt, non 
connrrt.rtl lines. 1n l.hc opt.imal c a . ~ ,  .S and I, a rc  t,hc 
s a m r  point: t,hr srgrncnt i is ronnrc t rd  1.0 t.hc chain Clr 
at. r,. 

\ \ ' l~rn I.hc scjin~c~nt. i intcrscrts t . l ~ r  linc (I,,I,') in Y, 
we considrr t h a t  thcrc a rc  a possible Y-shape jrinct,ion 
hrt,wrrn the  t,wo linc rdgrs  cb a n d  C and  also a third 
line ctlgr. T h e  linc cdge is thcn cnnt.ini~ctl using t.he 
segment .~  [L,Y] and  i .  

M7hcn t.1ic segment i docs not int.crscct t,hc line (L,L') 
and C and form t,he same linc edge, (S ,L ,L ' ,Sf )  cor- 
responds 1.0 a, zone of t h e  samc kind as Zi,t,.in which 
t h e  s ~ g m c n t .  [S,I,] has not, heen detrct,cd (Fig. 6.a). This  
anomalv is ca~rs rd  rit,hrr hy a linr ctlgc whqsr \vidt,h is 
close 1.0 t h a t  o r  blrc filter used by t,hc cdgc dctcct,ion or  by 
an ~rnl,;llanced linc cdgc wliich divitlrs t,he original irnagc 
int,o two regions having vrry tliffcrcnt, intensity Icvrls. If 
t,herc is only one line rdge,  we considrr t h a t  t.hc pair C, in- 
rluding srgmrrlts [S,I,] and  [S',L1] must  sat.isF cqrrat,ions 
( I ) ,  (2), (3) and (4). Ilowever, as t h c  clist.ancc (S,I,) may 
h e  arbitrarily long, c q ~ ~ a t i o n  (3) can not h e  vcrifed and  
t h e  s~rrfaccs of t h e  ext,crnal zones defined hy Cp no longer 
have lower hor~nds .  Thrrrforc,  the  first condition of eqrla- 
t.ion ( I )  is onlv t,rrrc if ci lhrr  Surfocc(Z,,t) ,< D,,,,, or 
.Strrfocr(%:,,) ,< D,,,,f. If C, vrrify t.licsr rrst.rictrd 
ronrlit.ions, l.lir linc rtlgc is cont.inr~cd using t , l ~ r  scg- 
mrnt.s [I,,S] and i .  

This  prorrss is it,rrat,r*d rlnt.il all t.hr rrrc cxl.rrmit.irs of 
?, can not. I)c conl.i~r~lrtl.  Such a rnri.hotl provides good 
rcsirlt~s on t.lir I>ody or  t.hc l i ~ ~ c  crlgr hr~t ,  t l l r  cxt.rrmit.irs 
of t h e  linr rrlgc a rc  not  prrcisrly locat,rrl. T h e  j i~nctions 
hctwrcn l.11~ rxt.rrmit.ics of a linc ctlgc and  other  cclgcs of- 

c: Gcnmclric V(~rono: dingrnm. 
T h e  hmnrrhnln nrr rrnrcscnlcd hrr  circlrc 

d:  Otrr cimplc gcomctric method. 

Figure 7. Computation of the peak 

t , rr~ (1rcrra.v~ t .11~-  r l~~;i l i ly nf t,l~r w ~ ~ i i r ~ i t , s .  111 II IO- I .  r;lsrs, 
onlv on(- of t,hr l.wo srgrnr,nl.s ronst.il.~~t.ing t . l ~ r  rxfrr~~nit . i rs  
of t,hr linc cdgr is drtcctctl.  This  srgnirnt, iq t . 1 1 ~  cont.in- 
rrc.d s rgmrnt  c',, of t,hc chain Clr'. associatctl wit11 t h r  frrr  
rxt,rrtnit,v I, of t h e  chain Ch'. This  c.asr ic similar t,o t,lie 
con1 inriation of a linr rtlge, rxcrpt t.liat. l.lirrr is no contin- 
iring srgmrr~t ,  which allows t . 1 1 ~  chain Ch 1.0 IF cont.irl~rctl 
at. L. \I7(: ~ I I I I S  crrat,r a11 art,ificiaI srgmrrrt s s ~ l r l i  t.hxt, i t .  
forms a linc rtlgr of n ~ i n i r n r ~ m  width wit.11 c',,, .< anrl cf, arc 
pxrnllrl wit,li a frill ovrrlapping and tlir mirltllr of s is on 
r,,. .F is t h r n  grar111aIIy I ~ O V C C I  I.ownrrls 1 . 1 1 ~  vst.rrnli1.y of 
t . 1 1 ~  linc rtlgr. Wlrrn riI.11rr ~qrrat.ion ( 4 )  is no lorlgcr vvr- 
ifirtl or t,hr projrcl.ion S' of t.hr rx1.rrmit.y .5' of .c projcct .~ 
ont,o t h r  rxt.rrmity of c;,, t,hc rxt.rcmit.v of t.hc linr rrlgr 
is reached. T h r  srgrnent, IS,I,\ is  thcn  atltlrd t.o t.hr chain 
C h  ant1 tlir point Sf I>ccomcs t.he new cxt,rrrnit,y of c;,: 
T h p  linc rrlgc rh is coniplrtc. 

All t l ~ r  l i r ~ r  rdgrs  of tlic imagr a r r  prorrqsr<l in that. 
way. l\'c now have t o  solve a last, pro1,lrni: t.11r cornprrtn- 
tion of t.hc praks. 

5.  COMPUTATION OF THE PEAKS 
T h e  idral pcak of a linc cdgc is defined as t h e  location of 
t h e  phvsical tliscontint~ity which generates t h ~  linc. Un- 
fort.rinately, this  locat.ion is hwd t o  oht.ain. As t h c  mean 
u~ic1t.h of a linc cdgr never cxcccds a few pixcls, we con- 
sidcr that, t.he pcak is centred on  t.hc linc. Resprcting our 
conventions, t h e  centrr  corresponds t o  t h e  set  of inner 
points eclaallv dist.anced from t.hc two chains of segrnent .~ 
reprcscnt.ing t,lie linc rdgc. W e  compared four nrct,hods 
t.o compl~l .c  t.11rsr point,s: 

A skrlrt.onix;rtion [10] of t l ~ c  polygon ol,t.ainrtl h,y 
connrcting t,hr cxt.rrmitirs of t.he two chains of srg- 
rnents (Fig. 7.a) : T h e  rcsiilt is a cornplrt,rly con- 
nrrt,cd graph of pixels m r l  is locatrrl at. t h r  rxacl. 
ccntrr  of l.hr linc rdgc. Flowcvcr, the  tlctcct.cr1 peaks 
arc chains of p i x ~ l q  instead of  segment,^. Moreover, 
(,he cxtrcmit irs  of linc edges, as well as  t.hc port.ions 
of linc cclgcs with a high cllrvature, a rc  providcd wit,Ir 
parasitic harbs. 
A I ~ i t m a p  Voronoi' rliagram [ I l l  in t,liis sxmr  pol,v- 
con: W r  ronsiclrr t.11at a pixel hclongs t,o t,hr tligr;trn 
if i f ,  is rqirallv rlist~a~rcrd from at. Ic;L'I~, t.wo non ron- 
srr11t.ivr s rgrnrn t .~  or (.he polvgon anrl if t.11rro is no 
ot.hcr srjinirnt. which is closr*r 1.0 t.hc* pixel (FiK. 7.1)). 
A l l . l ~ o ~ ~ g l ~  l.his rnrI.11otl tlor.s not. prorl~lcr  I,nrl>s, l . l ~ r  
rcsr~lt.inl: p raks  a r r  also chains of pixrls and l.ht. cx- 
trcmit,irs of t .11~ linc rrlgcs a r r  trrlncal.ccl. 



A s~lnthcrizrd tlnis!l imngc and n trchnical drnruing 

Thc step edges. 

I 

Thr ertractmi 1ine.s trrith our geometric method. 

Figure 8. Two examples of our results. 

A geometric VoronoY diagram [l] in t h e  polygon 
(Fig. 7.c): This  method ha.- a high complexity a n d  
prodtrccs piecewise defined curves, made  of portions 
of strnight. lines and  parahols, which cannot  be  easily 
rlscd. 

A gcomrbric mct,hocl which gives a.n approximal.ion 
of t h e  centre of t h e  two chains of segments (Fig. 7.d): 
1\11 t h e  rxt,rcmities of t h e  segments belonging t o  one 
of t h r  chains a re  project,ed on  t h e  othcr .  Thc pro- 
jected points and  t h e  ext,remities of t h e  segments cre- 
a t e  new srgments. T h e  chain determined by t h e  mid- 
cllr points o r  these segments form t h e  peak. As t h e  
t,wo chains of segrnrn t .~  reprrscnt,ing t.lw linc r d g r  arc 
locallv parallel, t h e  new chain obt.ained in this way 
is close t o  a geometric Voronoi' diagram but, .is ra-ier 
t o  IISC. 

6. EXPERIMENTAL RESULTS 
Experiments have been performed on many kinds of nu- 
merical images. We present herr  only synthesized noisy 
image and  technical drawing, in Figure 8. 

If few lines edges a re  no t  detected, t h e  most par t  of lincs 
edges is globally relevant and  very smoothed. T h e  search 
for t h e  extremities, as explained in section 4, conlinues 
t h c  line edgrs whose ending segmentps a re  not  detected 
in t h r  original contour image. Line edges and  staircaws 
a re  efficirntly identified by their profile. However, t h e  
polygonal approximation of crirvcd linc edges generates 
segmrnts which a re  too  small t o  be  considered parallcl 
with overlapping. 

7. CONCLUSION 
This  paper describes a method t o  identify line contours, 
such t,hat roof and  pulse edges, from s tep  edges. A line 
cdge is modrllrd a s  overlapping parallel segments having 

t.he profile of a linc cclgr. l'hrls, our linc tlrt.rct.or can 
tlcnl with ho1.h s t . ~ p s  ant1 lines. \Vr IISI. a silnplr jicomrt.- 
ric algorithm t o  s r ~ h s t i t ~ t ~ t c  cvrry cxtractcd linc rrljic for 
a singlc line. Experimentations prove t.hc reliability and  
rohrlstness of our approach. Few linc eclges a rc  actr~ally 
missed and ext.ract.ec1 lincs are well locatetl. Connrctivitv 
bctwccn othcr cclgrs is glohally rcliithlc, and we a r r  cur- 
rently working on t h e  location of all kinds of jr~nct.ions 
I)cl,wc.cn sl,cp nntl linr cdgrs. 
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