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Abstract

By using a concept of interrelation quadruplet between line segments. a new method for
recognition of object families is introduced. The interrelation quadruplet. which is invariant
under similarity transform of a pair of line segments, is used as a feature information for
polygonal shape recognition. Several useful properties of the interrelation quadruplet are
derived in relation to efficient recognition of object families. Compared with the previous
methods, the proposed method requires only small space of storage and is shown to be
computationally simple and efficient.
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Fig. 5. The boundary curves of models.

a) a pair of scissors
b) wrench
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Table 1. The modeling data of a pair of
scissor.
The axis of rotation subpart |direction of
number | movement
Xy Ysi X o Vei - -

212 266 212 306 -1 -

Interrelation Quadruplets -
g b I ld ;;
-.165 | -0.062 608 | .801 1 -
317 165 1.081 4 1.027 1 -
522 169 486 721 2 -
201 110 1.219(1.104 2 -
-495| -.288 | 1.378 | 1.154 2 -
-1.107 | -.588 | 1.118 | .901 2 -
-522 -.178 5251 .739 2 -
-1.764 | -1.560 | 4.942 | 2.425 2 -
4591 0.046 115 .552 2 -
1.965 9821 1.000| .554 -1 -
459 4131 8.669 | 4.787 -1 -
-1.764 | -.203 202 .49 1 -
=522 | -.344 | 1.903 | 1.407 1 -
-1.107 | -.519 .894 | .806 1 -

-.495 | -.207 7251 .836 1 -
2011 0.090 8191 905 1 -
522 352 | 2.054 | 1.481 1 -
317 152 924 950 1 -

-.165| ~-.102| 1.643|1.317 2 -

-2.850 [-1.570 | 1.044| .150 2 -

2.558 | 1.279 | 1.000| .287 -1 -

~2.850 | ~1.279 957 | 143 -1 -
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-.446 | -.220 .980 .965 -.909
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Table 3. The compatible pairs of subpart 1.

model segment

scene segment

1
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1
7
15
19
29
2
4
16
18
32
12
22
13
31
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p:3 4. HEF 20 ozt dx%
Table 4. The compatible pairs of subpart 2.

model segment scene segment

3
21
4
5
30
6
14
7
15
19
29
37

w

OO -1 ~1~1~1~1TOO U~ w

21
35

[\
<

E: 3 5. 71l oIk g
Table 5. The matched pairs of a pair of

scissors.
model segment scene segment
1 1
12 12
2 2
13 13
14 14
15 15
16 16
17 17

(a) 4% 1o o xabd

model segment scene segment
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Fig. 7. Oppositely turned model.
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Fig. 8. Superimposed recognition resulti
a pair of scissors.

Akl upHe] Axleke wde] B $7} 4, Ql
Al A 42 FXA 7F oY A omw) Q] A4
Fg 7 7189 sleAl B4l w2 o
2] AERE 1S ¥ 4 stk Umeyama®] W&
Az o o v EEHl uhelw o(m" e A4
F5 71AE £ 4 sloh Ze] vl diolelE & 6
of veldigict ® 6olA o & 9lE wlel o] Ak
g oubge ulwd agdes EATE QAE 4 9l
< "M Umeyama®| ¥PH-& digks] vl &840z &

(1107 )



64 BEBA ARAE ol 8T EHTY A4

AT AAste dlolet #e] ALSE JAd A]7e]

degs &+ Uk

I8 9. 292 FHAA AAMZEH - A

Fig. 9. Superimposed recognition result:
wrentch.
H 6. Alxte BlE
Table 6. The comparison of computational
load.
function # of comp.
feature extraction n
find all compatible pair mn
find all matched pair mn

(a) Alksl wbygel Akek

function # of comp.
update « m”
update scaling factor m”
bound check m"

(b) Umeyama ¥PHe) Axled
V. &8 8

B AFelt FATE 4 wpgel whal chesl
o EATe) Q4] BAE 1 "o BeelE 27
sha 7]Eolts A2l chReixA] gk EAlolch, we
AT A9 A3 F& AN BAZ AH
F 12 Q4 e Aksigon A9 dyrel 4T
7 AAe AR B melsA ga DAY Al
el 79 mopel iR AAEAE chESLon o] 7
+ AAdoR o s HHE Feld 5 sl 7
E T 4 9 Ao AR

B AFeE [20] oK Ak AERA AP
o) gelol FAlZe Aol A AR Azl
Apgarel ofe} 4Ag frEsirh £ ATeE T

®/R—

7B F5e] EAEE HeE siler Zpzte] 24
Toll thEh XS BgAHoR FYFE Bid 2ex
A defR) wbgs wlastel Akd whie] 584S
g5stalct.

#1g

{11 W. A. Perkins. “A model based vision
system for industrial parts,” IEEE
trans. Comput., vol. C-27, pp. 126-143,
Feb. 1978.

[2] W. Eric L. Grimson, “The combinatorics

of heuristic search termination for
object recognition in cluttered
environments.” JEEE trans. Pattern
Anal. Machine Intell. vol. 13. pp.

920-935, Sep. 1991.

(3] W. FEric L. Grimson and T.
Lozano-perez. “Localizing overlapping
parts by searching the interpretation

IEEE Pattern Anal.
Machine Intell., vol. 9., no. 4, pp.
469-482, 1987.

[4] N. Ayache and O. D.
"HYPER: A new
recognition and positioning of
two-dimensional objects,” JEEE trans.
Pattern Anal. Machine Intell., vol.
PAMI-8, pp. 44-54, Jan. 1986.

[5] J. W. Gorman. O. R. Mitchell and F. P.
Kuhl, “Partial shape recognition using
dynamic programming.” IFEE trans.
Pattern Anal. Machine Intell., vol. 10,
no. 2, pp. 257-266, March 1988.

[6}] H-C. Liu and M. D. Srinath., "Partial
shape classification using contour mat-
ching in distance transformation,” IEEE
trans. Pattern Anal. Machine Intell.,
vol. 12, no. 11, pp. 1072-1079, Nov.
1990.

(7] W. Eric L. Grimson. “On the
Recognition of Curved Objects.” IEEE
trans. Pattern Anal. Machine Intell.,
vol. 11, no. 6. pp. 632-643. June 1989.

[8] C.-H. Chien., and J. K. Aggarwal,
“"Model Construction  and  Shape

tree,” trans.

Faugeras,
approach for the

( 1108 )



1995% B8R ®ETFI£EHmGE

Recognition from Occluding Contours,”
IEEE trans. Pattern Anal. Machine
Intell., vol. 11, no. 4, pp. 372-389,
April 1989,

[9] M. Das, and M. J. Paulik, and N. K.
Loh, ”“A Bivariate Autoregressive
Modeling Techniques for Analysis and
Classification of Planar Shapes,” IEEE
trans. Pattern Anal. Machine Intell.,
vol. 12, no. 1, pp: 97-103, Jan 1990.

[10] W. Eric L. Grimson. and D. P.
Huttenlocher, "On the Verification of
Hypothesized Matches in Model-Based
Recognition.” IEEE trans. Pattern Anal.
Machine Intell., vol. 13, no. 12, pp.
1201-1213, Dec. 1991.

[11]1 C. C. Lin, and R. Chellappa. “Classifi-
cation of Partial 2-D Shapes Using
Fourier Descriptors, IEEE trans.
Pattern Anal. Machine Intell., vol. 9,
no. 5, pp. 686-690, Sep. 1987.

[12]Y. He, and A. Kundu, "2-D Shape
Classification Using Hidden Markov
Model,” [EEE trans. Pattern Anal
Machine Intell., vol. 13, no. 11, pp.
1172-1184, Niv. 1991,

{131 J. L. Turney, and T. N. Mudge. and R.
A. Volz, "Recognizing Partially Occlude
Parts,” IEEE trans. Pattern Anal.
Machine Intell., vol. 7, no. 4, pp.
410-421, July 1985.

w®® —(Eg8)

19661 24¥ 23YA1. 19884 2
o wutw ARt
(ZRAD, 19904 24 =3l
=% A7) @ Axpgba (A4},
19959 2% =ERPrled A
71 % Axppat(atah). 1995
Q3 2% ~ A LGAHA dArit]e] 974 AddT
g F P Bolx "ol 9 gakxz], Al
A& o|-8%t 2E5}, DSP Ael 7|4 % Real Time
OSE <83t AAI7F Aejrie 5.

X XA

T #f BUEER)

% 32 % B#® % 8% 65

[(14] B. Bhanu, and O. D. Faugeras. "Shape
Matching of Two-Dimensional Objects.”
IEEE trans. Pattern Anal. Machine
Intell., vol. 6. no. 2, pp. 137-156,
March 1984.

[15]1 M. W. Koch, and R. L. Kashyap. “Using
Polygons to Recognize and Locate
Partially Occluded Objects.” IEEE trans.
Pattern Anal. Machine Intell.. vol.
PAMI-9, no. 4, pp. 483-494, 1987.

[16]1 N. Ansari, and E. J. Delp, “Partial
Shape Recognition: A Landmark-Based
Approach,” IEEE trans. Pattern Anal.
Machine Intell., vol. 12, no. 5, pp.
470-483, May 1990.

[17]1 H. J. Wolfson. "On curve matching.”
IEEE trans. Pattern Anal. Machine
Intell., vol. 12, no. 5, pp. 483-489, May
1990.

[18] W. Eric L. Grimson, “Recognition of
Object Families Using Parameterized
Models,” Proc. of First Int. Conf
Comput. Vision, pp. 93-101, 1987.

(191 S. Umeyama, “Parameterized Point
Pattern Matching and Its Application to
Recognition of Object Families.” IEEE
trans. Pattern Anal. Machine Intell., 9
vol. 15, no. 2, pp. 136-144, Feb. 1993.

{20] b5, H3d, "3 HEE o83 o]}
o) A BA 1A, diAREE] =7
#3148 BH, 73, pp 917~927, 1994.

A 31¢¥ BHE A 7% A=,
A ARAe)e W] R A

T3} 4

( 1109 )



