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Abstract

In this paper, an efficient algorithm for recognizing and positioning occluded objects in a
two-dimensional plane is presented. Model objects and unknown input image are approximated by
polygonal boundaries, which are compactly represented by shape functions of the polygons. The input
image is partitioned into meaningful segments whose end points are at the locations of possible
occlusion —i.e. at concave vertices. Each segment is matched against known model objects by
calculating a matching measure, which is defined as the minimum Euclidean distance between the
shape functions. An O{(nm(n+m)) algorithm for computing the measure is presented, where » and m
are the number of vertices for a model and an unknown object, respectively. Match results from partial
segments are combined based on mutual compatibility, then are verified using distance transformation
and translation vector to produce the final recognition. The proposed algorithm is invariant under
translation and rotation of objects, which has been shown by experimental results.
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Fig. 1. Block diagram of proposed algorithm.
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Table 1. Shape functions for partial segments
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Table 2. Partial segments matched to each
model.
Segment | No. of Rotation
Model ID. D. Vertices Match Angle(rad.) Length
0 0 1 0.09 127 .50
0 2 3 007 1% 8218 |
0 6 8 005 430 16465
0 7 3 0.05 541 148.94 ,
0 8 2 0.00 1.09 4120 (a) 29 2 (b) 24 6
0 10 11 0.07 226 275 o
1 2 3 0.09 28] 62.18 j-Ed 7 Etﬁ 29}' Etg 60“ EHﬂ' Dlstance trans—
1 6 8 0.06 541 164.65 form
1 ‘ 7 3 0.06 0.04 148.94 | Fig. 7. Distance transformation of model 2 and 6
1 | 8 ‘ 2 ‘ 0.00 53 4120 | 9. 7 ‘
i ! O =
RS B384 olg% trgel $Fe
2 2 3 0.01 494 62.18 ' . = = =
2 8 8 002 493 | 16465 RMS
2 7 3 001 | 58 14894 Table 3. Shape classification with rotation
2 8 2 0.00 4% 41.20 : <
2 10 1 0.02 491 %0275 angle and its RMS.
3 1o 4 001 453 8859 | Model Segment ID RMS |
3 2 3 0.01 525 6218 | - =
3 6 8 0.06 1.30 16465 | 2 o e
3 7 3 0.06 226 14894 ) 2 1.4
3 8 2 0.00 ‘ 1.20 41.20 -
A
4 2 3 0 | 048 6218 | ‘ 6 L97
4 6 8 0.09 6.23 16465 2 8 060
4 7 3 0.05 047 14894 ,
4 8 2 0.00 591 4120 2 | 10 087
5 0 4 005 147 859 6 3 206
5 2 3 0.04 516 6218 5 7 108
5 6 | 8 0.02 127 16465
5 703 001 1 220 148.94
5 8 | 2 000 417 41.20
2 - gt .
5 10 o 541 X275 . | N r?g(lim
6 0 4 0.07 617 | 6850 ; | )
6 2 3 0.05 058 6218 t
6 5 10 0.04 380 204.20 218 5 | 49
6 6 8 004 291 16465 | .
6 7 3 0.00 386 148.94 l 6 2 @ |
6 8 2 0.00 575 4120 ! ' ]
6 | 10 11 0.07 389 2275
7 0 4 7 0N 446 68.59 o o 2] w o] xle)w
7 2 3 0.03 5.17 6219 (a) i 5‘—_] 2 (b) - ﬂ 6 (C) 5‘] \1] = ‘r‘]zlol )
7 6 | 8 002 | 15 16465 )
7 7 ] 3 | 001 " 218 148.94 O 8. HE AAAH
7 8 2 000 407 1 40 Fig. 8. Final recognition.
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Fig. 9. Another example with 2 objects.
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c) Z40 (d) 594 1
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e) 24 4 (f) 313 " Aol %
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Fig. 10. Example with 3 objects.

A2l g A

=+
Bl

(937)

#£334% B % 5K 81
V. a2
B Box= glrlslua)l sh= EAly) REz{ow

7‘34 A At 9““51 % 75 Afder Sug
e daeEg Akl 22 AR sl
A} gl AAEE o SAlskE F el Hole
gt 7tzo] gl BARE RHER EAe] 94
2 2dl# o] S Aleld] FHa fEei

Aelg SAFoEA eI dHdtS EAY
Ao whE 5 Qlis oBG ER|HE JFEeE
slod g He] RS E el AR =S Al
=

el FAAHE sl wds me] FXAESE 7}11
EAete] AHgg sty flsl dag AxEe o
(nm n+ m))e]ct.

-] HO:!/KL—AO]] I;H?ﬂ- Z—]Q}- Q_‘H. /U—_'Q‘_ _,_}:]-E_-——
2sled 3% ¥, distance transform¥} $x|o}F ¥
& o8¢ AZHAE AA HF A ARE 2

ol

¥

a

r.O

£

w duelze) B

23] sl chepe

BAE ooz A9e sslen 1 A & Qe
Fe wARASe) PRAQl Aol ulEd Agel=
fxlolFol} BHol AR WAl W B 7)Y

o4& glsleln,

Zale] Helrh A Aol Aol Uit 7
$7} olglch 7 Yole YHdAe FEAPOD ¥Y
aje] Aatslz] ool Sleise] WAL Al
g Mol HReiasl AR el $U ol
el ol A3 12949 AdAE das) 9E
3 A%, AFHOZ YACVE WEY o e vy
T e
o}

g FAe] HAMe] o2z BEae] W}
b Frbdem wAg Afels A7 BAY 7
44 54 olgale] G ¥ olRie) a2n
= ARk Qkaelze] S-8u9E wel Wsly) Slad
Jeoiabe B WS AHY GAHEE B3
s SEe] AR A7k o Basid A U

28 =] Wsel TP ) sleide
A4 AzmiEe] Adollsh el olf Wzhe AR
slel Gl olgakt el sl 4 sli=w), ol
o A= A ALEolol & Aclck

\__

E




82

f11]

(2]

[31]

(51

(61

o2e AIRES o] 43 AHA T

4 e s

B. Bhanu and O. D. Faugeras, "Shape
Matching of Two-Dimensional Objects”,
IEEE Trans. PAMI., No. 2, pp. 137-155,
March 1934.

K. E. Price, "Matching Closed Contours”,
in Proc. 7th Int. Conf. Pattern Recognition,
Montreal, P.Q., Canada, pp. 990-992, 1984.
J. W. Gorman, O. R. Mitchell, F. P. Kuhl,
"Partial Shape Recognition Using Dynamic
Programming”, IEEE Trans. PAMI., Vol.
10, No. 2, pp. 257-266, March, 1988.

H. C. Liu, M. D. Srinath, "Partial Shape
Classification Using Contour Matching in
Distance Transformation,” [EEE Trans.
PAMI, Vol. 12, No. 11, pp. 1072-1079,
November, 1990.

E. J. Delp, "Partial Shape
Recognition : A Landmark-Based Approa-
ch", IEEE Trans. PAMI., Vol. 12, No. 5,
pp. 470-483, May, 1990.

g, WP “A3IA HElE o] 8]t o]x

N. Ansari,

X Xt

T $% f(IE&R)

1967+ 119 27448, 1992+ 29
okt AxiAAEEE F4]
(ZHAh). 19949 8% glefiishw
tahel ARpAALEE Z<1(HAD.
19959 39 ~ A shefsta
1213 R P B T o e e Y

AetE FRA ok AFE 1Y, FA4 A, 7

Q4 5

(71

(81

[10]

[11]

QY ° A #3 THEM S
1o sleiAl BADA, HAFES =L, Vol.
31, No. 7, pp. 108-118, 19941 79

AR, seal AAled, 288, “Segmentel]
A% 3o sledal 234 BAQA, HA
28F3l==], Vol. 31, No. 8 pp. 119-128,
19941 84

E. M. Arkin, L. P Chew, D. P Huttenlocher,
K. Kedem, J. S. B. Mitchell, "An Effi-
ciently Computable Metric for Comparing
Polygonal Shapes”, IEEE Trans. PAMI.,
Vol. 13, No. 3, pp. 209-216, March, 1991.

Urs Ramer, "An Iterative Procedure for the
Polygonal Approximation of Plane Cur-
ves”, Computer Vision Graphics and Ima-
ge Processing, pp. 244-256, 1972,

G. Borgefors, "Hierarchical Chamfer Mat—
ching A Parametric Edge Matching
Algorithm”, IEEE Trans. PAMI., Vol. 10,
No. 6, pp. 849-865, November, 1988.

G. Borgefors, “Distance Transformations
in Digital Images”, Computer Vision
Graphics and Image Processing, No. 34,
pp. 334-371, 1986.

2 7H

-

19854
1990+
19903
1992+

Bohis

(938)

Ak WE(EER)

19574 69 644, 19801 2 A&
o &k ARpgata) (D). 1982
W24 dEEr)esd 1) 2 Azl
23 E(4Ah. 1990 64 wl=
e o} FH 7] Y F3rE
et E90ah. 1982 39 ~
29 FFRAEAIA T4 od-7-9). 19809 8Y ~
11% InnoVision Medical(»1=h) Alded-7-<d.
129 ~ 1992+ 249 A4l Addadrsd.
~ Al goFatar ARAAETF 2 A
AFE vlA, A QA AAzE A &



