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A data-drivcn approach is proposcd to rccognizc 
a family of planar ohjcc~s, which arc strctchcd along 
the axis of symmctry and arc partially ohscurcd, using 
hightuwaturc points, samplcd boundary distanccs 
(SBD) and a statistical mcthotl. cross correlation. In 
this work, thc SBD's arc thc distanccs mcasurcd to thc 
boundary points of an ohjcct from points cqually 
spaced along a linc which is cithcr a symmctric axis 
or assumcd to hc a symmctric axis. A rncthod for 
dctccting symmcuy and finding axis of symmcuy of 
partially ohscurcd ohjccts is prcscntcd. Thc cxpcri- 
mcntal rcsulL~ arc also prcscntcd. 

1. Introduction 

Thc partial planar shapc rccognition has claboratcd by 
many rcscarch works. Ansari and Dclp[l] uscd landmarks and 
sphericity. Thcir matching mcthod is known as hopping dynamic 
programming[l]. Wolfson[21 dcvclopcd a string matching algo- 
rithm for finding thc longcst common subcurvc of two 2-D 
curves. Chaudhury ct a1[3] uscd an fwturc-indcpcndcnt. admissi- 
ble heuristic function to scarch thc curve of an ohjcct in thc state 
space. Han and Jang[4] uscd thc distancc hctwccn Lhc locally 
maximum curvature poinl~, ~ h c  graph-thcorctic optimization 
method with maximal cliqucs, and a wcight matching algorithm. 
Grimson[5] uscd a constraincd scarch proccss to rccognize 
paramctcrizcd objccts. Knoll and Jain[6] used local fcaturcs and 
feature indcxcd hypothcsis rncthod to handlc the cascs with a 
large numbcr of possiblc ohjccts. Thcir prototypc systcm can 
rccognizc 2D ohjccu with known scalc. Ayachc and Faugcras[7] 
used the longest linc scgmcnts and anglcs hctwccn adjaccnt seg- 
mcnts of thc polygonalizcd ohjcct as description, and dcvclopcd 
gcncration and rccursivc cvaluation of hypothcscs. Huttcnlochcr 
and Ullman[R] invcstigatcd alignmcnt rncthod to handlc 2D and 
3D cases. Kalvin ct a1[9] uscd footprint and gcomctric hashing to 
effcctivcly work with largc datahasc of modcls. Mchrotra and 
Grosky[lO] uscd high-curvaturc points to polygonalizc the 
objects, and dcvcloped an algorithm for gcncrating and tcsting 
data-driven indcxcd hypothcsis using anglcs at the vcrticcs and 
distances bctwccn verticcs of thc polygons. Grimson and 
Lo7~no-Pcrczc[ll] uscd local mcasurcmcnts of positions and sur- 
face normals to scarch for consistent matchcs in thc intcrprctation 
Lrcc and cfficicntly discard inconsistent matchcs. Hong and 
Wolfson[l2] studicd thc gcomctric hashing tcchniquc with 
wcightcd footprint, which can achicvc hcttcr rccognition than 
Kalvin ct a1161. Koch and Kashynp[l3] dcvclopcd polygon 
momcnts and uscd association graph. Wang ct a1[191 uscd fast 
Fouricr transform on thc samplcd boundary disfilnccs 
(SBD)[17,1X] to show that partially ohscurcd ohjccts can bc 
rccognizcd providcd that thc cndpoints of major axis arc visihlc 
and that partially ohscurcd ohjcct family (strctchcd along axis of 
syrnmctry) can also bc rccognizcd providcd that thc cndpoinlq of 
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major axis and symmcuic axis arc not ohscurcd. 

Thc rcsarch in partial shapc rccognition of paramctcrizcd 
ohjcct is rarc. Most of thc aforcrncntioncd works uscd local 
fwturcs that arc changcd with rcspcct to stretching transformation 
and thcrcforc, can not hc uscd to rccognizc suctchcd ohjccl~. In 
this arca, Crimson's approach[5] is cornplicatcd and approximate 
and Wang ct al's workll9j is too much consuaincd. In this 
papcr. a data-drivcn rccognition proccss is introduced, in contrast 
to thc slow modcl-drivcn approach uscd in most of thc prcvious 
works. This proccss applics to holh thc curvcd boundary and 
polygons, and thc constraint in [19] is rcmovcd. In adtiition. thc 
proposcd proccss docs not hnvc to usc polygon rcprcscnutions of 
an ohjcct which arc non-uniquc and thc rcprcscntation arc uscd 
by many prcvious works. 

Thc dctcction of syrnmctry ant1 finding of axis of symmcuy 
(AOS) at a shapc of imagc has bccn studicd by Atalah(l41, 
Fricdbcrg[l5], Marola 1161 and Wang ct a1[19]. Thc first three 
works[14-161 arc hascd on thc ccntroid of an ohjcct, which can- 
not be located prcciscly if thc objcct is partially occludcd or 
ohscurcd. Howcvcr, thc major axis is uscd in thc approach of 
[19]. The advantage of [I91 ovcr [14-161 is that, in [19], thc AOS 
can still bc found for partially obscurcd ohjccts providcd that thc 
endpoints of major axis arc not obscurcd. Although thc approach 
is morc flexible than thc approach in [14-161, it is still limitcd by 
thc strong constraint. In this papcr. thc proposcd proccss can 
rccognizc morc gcncralizcdly obscurcd ohjccts. That is, thc cnd- 
points of major axis nccd not hc visihlc. 

Thc organization of this work is as follows: Section 2 
dcscribcs the samplcd boundxy distanccs (SBD); Scction 3 
presents thc dctcction of syrnmctry and finding of AOS, and Scc- 
tion 4 invcstigatcs thc rccognition of panially obscurcd ohjccts 
strctchcd along thc AOS. Scction 5 givcs thc cxpcrimcntal rcsults 
and Scction 6 summarizcs this work. 
2. Sampled Boundary Distances 

The smplc boundary distanccs (SBD's) arc the ordcred 
samples of distanccs dcfincd from a linc to the points locatcd on 
the boundary of an objcct image. In [17] and [It?]. thc line from 
which the SBD's are measured is thc major axis. In [19], both 
the major axis, and the AOS are uscd. In this work, the SBD's 
are measured from thc AOS or thc possiblc AOS. The SBD's 
measured from the AOS of [19] and of this work are dcpictcd in 
Fig. 1. As shown in Fig. l(a), the SBD's arc mcasurcd from the 
entire length of AOS. In Fig. I@). howcvcr, the SBD's are 
measured from part of thc AOS, starting from onc pair of high- 
curvature points (HCP), A, and A 2,  and cnding at anothcr pair of 
high-cuwaturc points, B ,  and B2. In this work, the cndpoinLs of 
AOS do not havc to hc visihlc. which is in contrast to that the 
endpoints of AOS connot hc covcrcd in [lo]. 

3. Detection of Symmetry and Finding of Axis of Symmetry 

In many cascs. thc AOS in a symmctric ohjcct can bc 
obtaincd by dctcrmining thc major axis of thc ohjcct [19]. That 
is thc rcason why thc cntlpints of a major axis must bc visihlc 
for finding thc AOS of a partially obscurctl ohjccta in [19]. In 
this papcr, thc HCP's, gcncratcd by using thc work in [201, 
instcad of the major axis, arc uscd to dctcct thc symmctry for the 



shapc of an objcct and this can ccrtainly handlc morc gcncral 
cascs. Considcr an objcct to be partially obscurcd as shown in 
Fig. 2(a) and Fig. 2(b). Thc dctcction of its symmctry and 
finding of its AOS can bc procccdcd as follows: 

Stcp 1. Find HCP's from thc partially obscured objcct. [e.g. 
points 1. 2, ..., n of Fig. 2(b)] 

Step 2. Mcasurc thc distanccs betwccn thc consecutive HCP's. 
[c.g. dist (I ,  2). dist(2. 3). .... dist(n-I, n) of Fig. 2(b)] 

Stcp 3. Sort thcsc distanccs. 

Stcp 4. Find thc distanccs with closcr values. 1e.g. dist(n-2, n- 
1) and dist(5, 6). or dist(6, 7) and dist(n-3, n-2) of Fig. 
2(b)l 

Stcp 5. Chcck thc parallelism bctwccn thc lincs connccting the 
corrcspoinding endpoints of line segmcnts with similar 
distanccs. [e.g. lincs L,  and L2 of Fig. 2(b)] 

Stcp 6. If thc two lincs arc approximately parallcl. [c.g. lines 
L1 and L2 of Fig. 2@)l, obtain thc midpoints of these 
two parallcl lincs [c.g. points P I  and P 2  of Fig. 2@)] 

Stcp 7. Obtain SBD's pcrpcndicular lo thc line connecting the 
twomidpoints of approximatcly parallcl lincs [c.g. line 
P I P 2  of Fig. 2(b)] from cqually spaccd points on this 
midpoint connccting line [c.g. lincs 1,. i=l, 2, j=l. ..., 
n of Fig. 2(b)] 

Stcp 8. Compulc thc correlation cocfficicnt of SBD [CCSBD] 
bctwccn thc SBD's on thc onc sidc and thc SBD's on 
thc othcr sidc [c.g. I,, and 12,, j=1. .... n] as follows: 

CCSBD = '=I n 

[ C ( l l j  - i l j ) 2 C ( ~ 2 j  - i2j)2~112 

If CCSBD=I, this implics that thc two sets of SBD, 
l l j  and 12j. j=l, .... n, are linwrly correlated the pan 
undcr testing 1c.g. the area (n-1)59(n-5) of Fig. 2@)] is 
symmetric. If, on the othcr hand. this criterion is not 
satisficd, the part of image undcr consideration is 
asymmetric. That the valuc of CCSBD equals one is 
certainly an idcal case. this cannot be achicvcd in the 
real cases. Thcrcfore, a thrcshold is used and, in this 
work. 0.98 is chosen as the minimum value of CCSBD 
for determination of symmetry. 

4. Recognition of Object Family Stretched along AOS 

After the symmctry is dctectcd and AOS is found, as 
described in Scction 3. the SBD's I , , ,  j=l, ..., n, arc used to 
correlate with four scts of SBD modcls and four values, 
(CCSBD),-,, m=l, 2, 3, 4, arc obtained. Thcsc four 
(CCSBD)l-m arc uscd as thc kcys lo swrch rcspcctivcly for the 
rcgion of an objcct from thc four arrays corrcspnding to the four 
scts of SBD modcls. Each cntry in thc arrays contains a search 
kcy and a pointcr to thc corrcsponding scction of an object in the 
object base. Thc scarch kcy is thc CCSBD bctwccn the SBD's of 
that section of objcct and a SBD modcl. Thc object rcgion with 
the closest key valuc to the target key is chwscn as the candi- 
date. If at Icast thrcc candidatc arc the samc, that candidate is 
the object rcgion matchcd by thc input objcct rcgion. Othcnvisc, 
the SBD's of lhosc candidatc rcgions arc fctchcd and corrclatcd 
with the input SBD's to bc matchcd. Thc candidatc rcgions gen- 
crating largest CCSBD valuc, which is also grcatcr than a 
minimum allowablc valuc (c.g. 0.95 in this work), bclongs to the 
objcct matchcd by thc input objcct region. 

5. Experimental Results 

Thc carncra used to take picturcs in this work is JVC TK- 
870U color vidco camcra. An ATV is a Video-graphics Adapter 
is used to digitize the picturcs and a Fountain PC. an IBM PCIAT 
compatible, is used to storc thc digitized pictures. Thc pictures 
are then transfcrrcd into a Sun Workstation. A softwarc named 

KOVIS, which is undcr dcvclopmcnt in this Institutc is uscd to 
proccss thc picturcs. 

The imagcs of Fig's 4 and 5 arc thc picturc of drawings 
drawn using FIG softwarc on thc Sun Workstation. Images 1 
through 6 of Fig. 4 arc thc original imagcs, and imagcs Ip 
through 6p of Fig. 5 arc thc partially obscurcd, strc~chcd (or shor- 
tened), rotatcd, translated and scalcd imagcs of the corresponding 
images of Fig. 4, in which thc arca bctwccn two con.sccutivc 
pairs of high curvature points is callcd rcgion. Thc number of 
rcgions of imagcs 1 through 6 arc listcd in Tablc 1. Two con- 
secutivc rcgions arc a unit lo be corrclatcd with thc SBD modcls 
and the gencratcd CCSBD's arc prcscntcd in Tablc 2. In Table 
2, there are sixtcen units A consccutivc rcgions. Thcrcfore, there 
are four 16-cntry arrays to bc scarchcd during thc course of 
matching. Thc matching rcsul~x for imagcs Ip through 6p. are 
given in Tablc 1, in which, thc symmctry of cach one of the two 
consecutive rcgions is chcckcd first. Thcir SBD's arc thcn 
correlated with the four SBD modcls, rcspcctivcly, i~ both 
straight and reverse ways: thc later is for the possiblc rcvcrsal of 
order of SBD's when thcy arc corrclatcd with the SBD models. 
The candidate objcct rcgions arc selcctcd and the SBD's of an 
input object are corrclatcd with the SBD's of the candidate 
rcgions if therc are no morc than two samc candidates. The 
matching results arc prcscntcd in thc bottom row of Tablc 3. It 
should be nokd that thc partially obscurcd strctchcd objccts along 
axis of symmctry can bc casily rccognizctl, using this mcthod. 

6. Summary 

In this work, a ncw approach is prcscntcd for rccognizing 
partially obscurcd family of o b j c c ~  with polygonal or cuwcd 
boundary strctchcd along axis of symmctry, using samplcd boun- 
dnry distanccs. Thc proccss is data-drivcn rccognizing for par- 
tially obscurcd objccu. This can rcducc thc time for an objcct 
database with a largc number of objccts. A mcthod for dctccting 
symmctry and finding axis of symmctry of partially obscurcd 
objects is prcscntcd. 

The experimental data indicates that this approach pcrforms 
satisfactorily. 11 should also be noted that, to improve the 
discriminative capability of this approach, and more SBD modcls 
may be used. The use of this approach to rccognizc the partially 
occluded objccts whosc imagcs cannot bc scpantcd by thc scg- 
mcntor and thc robustness of this approach against noiscs will be 
investigated. 

7. References 

N. Ansari and E. J. Dclp, "Partial Shnpc Rccognition: A 
Landmark-Based Approach", IEEE Tran. PAMI. Vol. 12. 
No. 5, May 1990, pp. 470-483. 
H. J. Wolfson, "On CUNC Matching", IEEE Tran. PAMI, 
Vol. 12, No. 5, May 1990, pp. 483-489. 
S. Chaudhury, A. Acharyya and S. Suhramanian, "Recogni- 
tion of Occludcd Objccts with Heuristic Scarch". Pattern 
Recognition, Vol. 23, No.6, 1990, pp. 617-635. 
M.H. Han and D. Jang, "The Usc of Maximum Cuwaturc 
Points for the Rccognition of Partially Occludcd Objects", 
Pattern Recognition. Vol. 23, No. I n .  1990, pp. 21-33. 
W. E. L. Grimson. "On thc Rccognition of Paramctcrized 
2D Objccts". IJCV. Vol. 2. No. 4. April 1989, pp. 373-394. 
T. F. Knoll and R. C. Jain. "Recognizing Partially Visiblc 
Objccts Using Fcalurc Indcxcd Hypotheses", IEEE J. Rob. 
and Aut. Vol. RA-2, No. 1, March 1986, pp. 3-13. 
N. Ayache and 0. D. Faugcr~s, "HYPER: A Ncw Approach 
for the Rccognition and Positioning of Two-Dimensional 
Objccts". IEEE Tran. PAMI, Vol. PAMI-8. No. 1. Jan. 
1986, pp. 44-54. 
D. P. Huttcnlochcr and S. Ullman, "Objcct Rccognition 
Using Alignment". Proc. 1st ICCV. Junc 8-1 1. 1987, Lon- 
don England, pp. 102- 1 1 1. 
A. Kalvin. E. Schonbcrg. J. T. Schwaru, and M. Sharir, 
"Two-Dimensional. Modcl-Based Boundary Matching 
Using Footprinrs", IJRR. Vol. 5, No. 4, Wintcr 1986, pp. 



38-55. 
[lo] R. Mchrotra, and W. I. Grosky, "Shape Matching Utilizing 

Indexed Hypothcscs Gcncration and Testing", IEEE Tran. 
Rob. Aut. Vol. 5.  NO. 1. Fcb. 1989, pp. 70-77. 

[I11 W. E. L. Grimson and T. Lozano-Pcrez. "Localizing Over- 
lapping Parts by Scarching the Interpretation Tree", IEEE 
Tran. PAMI. Vol. PAMI-9. No. 4, July 1987, pp.469-482. 

[I21 J. Hong and H. J. Wolfson, "An lmprovcd Modcl-Based 
Matching Mcthod Using Footprints", Proc 9th ICPR. Nov. 
14-18. 1988, Romc, Italy, pp. 72-78. 

[I31 M. W. Koch and R. L. Kashyap, "Using Polygons to 
Recognize and Locate Partially Occluded Objects", IEEE 
Tran. PAMI. Vol. PAMI-9. No. 4, July 1987. pp. 483-494. 

[I41 M. J. Atallah, "On Symmctry Dctcction", IEEE Tran. Com- 
pulers, Vol. C-34, No. 7, July 1985, pp. 663-666. 

[IS] M. J. Fricdberg, "Finding Axcs of Symmctry", CVGIP, Vol. 
34, 1986, pp. 138-155. 

[I61 G. Marola, "On thc Dctcction of thc Axis of Symmetry of 
Syrnmctric and Almost Syrnmctric Planar Images". IEEE 
Tran. PAMI. Vol. 11, No. 1, Jan. 1989, pp. 104-108. 

[I71 D. T. Wang. C. S. Wci, S. S. Chcn, B. C. Sung, T. H. (a) Original Object 

Shiau and P. A. Ng, "Cross Corrclation of Sampled Boun- (b) Partially Pbscured Object 

dary Distances- An Application to Objcct Recognition", Fig. 2. An Original and Partially Obscured Object. 
Proc. 1s1 Int'l Conf. Systems Integration. Morristown, NJ, 
April 23-26, 1990, pp. 224-235. 

[I81 D. T. Wang, Y. N. Hcw, C. S. Wci, S. S. Chcn, I. H. Lin, 
and P. A. Ng, "Rccognition with Corrclation of Sampled 
Boundary Distanccs", to appear in Proc. Inl'l Conf. AUIO- 
mation Robotics and Cornpuler Vision. Scp. 18-21, 1990, 
Singapore. 

[I91 D. T. Wang, Y. N. Hcw, J. Lcc, K. Y. Chcrn, C. S. Wei 
and P. A. Ng, "Thc Usc of FFT on Samplcd Boundaly 
Distanccs". to appear in Proc. 1990 IEEE Conf. SMC. Los 
Angclcs, CA, Nov. 4-7. 1990. 

[20] H. Frceman and L. S. Davis, "A Corncr-Finding Algorithm 
for Chain-Codcd Curvcs", IEEE Tran. Comprclers, March 
1977. pp. 297-302. 

A I 

(a) SBD's Mwsured from (b) SBD's Measured from 

Axis of Symmetry in [I91 Axis of Symmetry 

of this work. 

Fig. 1. The SRD's Measured from Axis of symmetry 

in [19] and This Work. 

(c) Image 3 

Fig. 3. Original Rase Images. 



(d) Image 4 (a) Image l p  (shortened) 

(c) Imagc 5 

(b) Image 2p (stretched) 

(0 Image 6 
(c) Imagc 3p (strclchcd) 

Fig. 3. Original Base Images (cont'cl). Fig. 4. Partially Obscured, Stretched, Rotated, Translated, Scaled 
Images of Fig. 4. 



(d) Image 4p (slrctchcd) 

Fig. Partially 
Images of 

Obscured, 
Fig. 3. 

Stretched, Rotated, Translated, Scaled 

(e) Image Sp (suctchcd) 

(0 Image 6p (suctchcd) 






