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(A Robust Center Estimation of the Circular Parts Based
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Abstract

In this paper, a technique to estimate center positions of the circular parts under noisy condition
is presented. The circle chords are segmented from the circle with successively varying angle and
weighted to reduce the center estimation errors effected by the orientations of the circle chords. The
weighting factors for variable length chords are adaptively determined according to the error
contribution of each chord in center estimation. Robust estimation of the center positions of the
circular parts are possible even though the edge informations are partially contaminated by the
non-uniform lighting or the background textures. Computer simulations for several images which
are obtained for same object under real environment by camera, show that the proposed technique
yields 1.85 and 2.77 of estimated error-distribution for center position and radius in mean square
error, that the proposed has more robust estimation than those of the conventional methods.
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Fig. 1. (a) The relation between circle chord and

pixel point on the perimeter for center Po
and (b) the geometry of a circle.
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Table 1. MSE for estimated center position

and radius of each algorithms.
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Table 2. Mean square error of the center and
the radius for each algorithm.
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Centeriod Hough | Landau
#1 #2
do 6.72 559 425 361 185
Ar 844 532 6.35 543 277

F 2014 & 5 gl nbe} o] Al Akl widt
AfellXE qlelz WA dddstel vl st
£ 25 o T bl wigte] 2R me
24 %<l shizte H53 ol disixx 32
A A9} el edgiel ad 102 27 99l =4

H galgol tizle] Asksl whioeR FAISA W oub
S¢ 39 Azl
T
DO OO
(a) (b) (c) (d)
Vs ( ( .
+ + + +
J \_ J ’
L
(e) ) (g) (h)
~
(q (—;\i + ) +
\ |~
i) 6)) k) )]
a8 10. 23 99 PCBAAtoZRE 23 HFe
2 4907
Fig. 10. Extracted boundaries and the centers from

the PCB images of the Fig. 9.

A 23] el 2% exhurks zue] u]
Fe gel B39 W FUNA 39 ek el b
htos, WAE exte Az 2ol WA 4E o
o) 25je) Wlrk UF W w wel WAk

(801)

BUE Ch FI0R 57

V. &8

U

Ry LR

wrelite Akl el BS54 gle 99
3ol @_&H PCB Aellx 485789 3AAAE

AP R RES o83l Y S sle W
e ARl d9Hes BANA A5 AR
Yol el AP A5t Y o2 7HA] el H53
TUT AFFT QP st A 2 A
Ak whe] 1] WSl vldte] oo EAjst
€ Aol oy ke o £ slglen, pEAe
2 At 2ASYEE 4 dFele] v 3 3
o WzEl7E oF 0.02 o]l 2 A ofie] 2Ak2
FANA 2 S 34T F ek PCBel| A&
A REe i FHNA R uREe] 3 oA
¥E= MSEZ 242 185 3k 2 2773k Axw
7|1E H&ﬂ*iv} e 2AE depdigdiet webA Ak

= whe PCBA AlEl 3 HEe) A gl

Al zo] ¥AAS A A Se] Bk A=

A FAIAE FEY + 2ee & 5 sk

2o ed

[1] M. Moganti, and F. Ercal, “Automatic
PCB inspection algorithms: A survey,”
Computer Vision and Image Under-
standing, vol. 63, no. 2, pp. 287-313, Nov.
1995.

[2] C. Kimme, D. H. Ballard, and J. Sklanski,

“Finding circles by an array of accu-
mulators,” Communication of ACM vol.
18, no. 2, pp. 120-122, Feb. 1975.

A. M. Wallace, “Grayscale image pro-
cessing for industrial applications,” Image
Vision Computing, vol 1, no. 4 pp. 178-
188, Dec. 1983.

J. Hlingworth and J. Kittler, “The adaptive
Hough transform,” IEEE Transactions on
Pattern Analysis and Machine Intelli-
gence, vol. 9, no. 5, pp. 690-697, 1987.
E. R. Davies, “A modified Hough scheme
for general circle location,” Pattern Re-
cognition Letters, vol. 7, no. 1, pp. 37-43,
Jan. 1988.

E. R. Davies, “A High speed algorithm for

(3]

[5]

(6]



[7]

[8]

AFA} $H AEE 014U AYHE FYAAY 4R 24

circular object location,” Pattern Reco-
gnition Letters, vol. 6, no. 5, pp. 323-333,
1987.

U. M. Landau, “Estimation of a circular
arc center and its radius,” Computer
Vision, Graphics, and Image Processing,
vol. 38, no. 3, pp. 317-326, June 1987.

S. H. Peckinpaugh and R. ]. Holyer,
“Circle detection for extracting eddy size
and position from satellite imaginery of
the ocean,” IEEE Transaction on (Geo-
science and Remote Sensing, vol. 32, no.

M # BIEER) % 344 Ch 5 19 B8R

SRR EL ELRE RS R
4 g FReRs A%,
A 59

X Xt 2K

(802)

[101]

[11]

BER

2, pp. 267-273, March 1994.

S. D. Shapiro, “Feature space transforms
for curve detection,” Pattern Recognition,
vol. 10, pp. 129-143, 1978.

B. B. Chaudhori and P. Kunduy, “Optimum
fit circular fit data to weighted data in
multidimensional space,” Pattern Reco-
gnition Letters, vol 14, pp. 1-6, 1993.

G. Fuller and D. Tarwater, Analytic
Geometry: 7th Edition, Addison-Wesley
Publishing Company, Massachusetts, 1992

# B X(EGR) % 3448 CR £ 15 2R

WA A% 27} IR 24
FHAlFol= wadxle] AlAq 9
2 44 59



