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Improved Algorithm about Subpixel Edge

Detection of Image Based on Zernike
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Abstract The principle of Zernike moments and the method
of sub-pixel edge detection based on Zernike moments were in-
troduced in this paper. With the consideration of the limita-
tion of the subpixel edge detection algorithm by Ghosal, such
as the lower location precision of the edge and the extracted
wider edge than that of the original image, an improved algo-
rithm was proposed. On the one hand, a mask of size seven by
seven was calculated and could be applied to edge detection. On
the other hand, a new criterion for edge detection was put for-
ward. Additionally, a series of experiments were designed and
implemented. The experiment results showed that the accuracy
of the improved algorithm is higher than those obtained from
using Canny algorithm and Ghosal algorithm.
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Fig.1 The ideal model of the subpixel edge detection
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*3 Moo B
Table 3 Mo mask
0 0.0287 0.0686 0.0807 0.0686 0.0287 0
0.0287 0.0815 0.0816 0.0816 0.0816 0.0815 0.0287
0.0686 0.0816 0.0816 0.0816 0.0816 0.0816 0.0686
0.0807 0.0816 0.0816 0.0816 0.0816 0.0816 0.0807
0.0686 0.0816 0.0816 0.0816 0.0816 0.0816 0.0686
0.0287 0.0815 0.0816 0.0816 0.0816 0.0815 0.0287
0 0.0287 0.0686 0.0807 0.0686 0.0287 0
* 4 My SEHBR
Table 4 M, real mask
0 —0.015 —0.019 0 0.019 0.015 0
—0.0224 —0.0466 —0.0233 0 0.0233 0.0466 0.0224
—0.0573 —0.0466 —0.0233 0 0.0233 0.0466 0.0573
—0.069 —0.0466 —0.0233 0 0.0233 0.0466 0.069
—0.0573 —0.0466 —0.0233 0 0.0233 0.0466 0.0573
—0.0224 —0.0466 —0.0233 0 0.0233 0.0466 0.0224
0 —0.015 —0.019 0 0.019 0.015 0

®5 M BB

Table 5  M;; imaginary mask

0 —0.0224 —-0.0573 —0.069 —0.0573 —0.0224 0

—0.015 —0.0466 —0.0466 —0.0466 —0.0466 —0.0466 —0.015
—0.019 —-0.0233 -0.0233 -—-0.0233 -—-0.0233 —0.0233 -0.019

0 0 0 0 0 0 0
0.019 0.0233 0.0233 0.0233 0.0233 0.0233 0.019
0.015 0.046 6 0.046 6 0.046 6 0.046 6 0.046 6 0.015

0 0.0224 0.0573 0.069 0.0573 0.0224 0

%6 My BiR
Table 6 Mo mask
0 0.0225 0.0394 0.0396 0.0394 0.0225 0
0.0225 0.0271 —0.0128 —0.0261 —0.0128 0.0271 0.0225

0.0394 —-0.0128 —-0.0528 —0.0661 —0.0528 —0.0128 0.0394

0.0396 —0.0261 —0.0661 —0.0794 —0.0661 —0.0261 0.0396

0.0394 —-0.0128 —-0.0528 —0.0661 —0.0528 —0.0128 0.0394

0.0225 0.0271 —-0.0128 —0.0261 —0.0128 0.0271 0.0225
0 0.0225 0.0394 0.0396 0.0394  0.0225 0
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0 —0.0153 —0.0223 —0.019 —0.0223 —0.0153 0 Step 1. T8 7 x 7 B {Moo, M11, Mao, Ms1, Mao},
~0.0103 —0.0018 0.0324 0.0438 0.0324 —0.0018 —0.0103 &5 2.1 ¥4
—0.0073 0.0162 0.0333  0.039 0.0333 0.0162 —0.0073 Step 2. FIFAKINR { Moo, M1, Mao, Msy, Mao} FIEI(%
0 0 0 0 0 0 0 AF—MER RHAT BRI FAR3 {Zoo, Z11, Z20, Zs1, Zao};
0.0073 —0.0162 —0.0333 —0.039 —0.0333 —0.0162 0.0073 Step 3. W% 25, W (20) WEILLAIE 6, %
0.0103  0.0018 —0.0324 —0.0438 —0.0324 0.0018 0.0103 ff ey jfq 4 14 P12k 1%
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Table 9 Mio mask b < b (ke e 0T BUAE), W18 % A 0 0% 2, R 28
0 0.013  0.0056 —0.0018 0.0056 0.013 0 (22) WHE WA F DL AR, A0, IR\ Step 3, I F—H %
0.0130 —0.0186 —0.0323 —0.0239 —0.0323 —0.0186 0.0130  fH}}5.
0.0056 —0.0323 0.0125 0.0406 0.0125 —0.0323 0.0056
00018 —0.0239 00406 0.0751 0.0406 —0.0239 —0.0018 3 SRICRELERSHN
0.0056 —0.0323 0.0125 0.0406 0.0125 —0.0323 0.0056 T S RGIR  A AR R, A S B T =4
0.0130 —0.0186 —0.0323 —0.0239 —0.0323 —0.0186  0.0130  gya ™ 13—y gne fim \ oo b 7 0 L ok S 7 (% 22
0 0.0130 0.0056 —0.0018 0.0056 0.0130 0
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(b) Edge image detected by
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(c) Edge image detected by
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(d) Edge image 1 detected by

this algorithm

Canny

(e) Canny Skl ZR I E 5
(e) Edge image detected by

(f) ASLiLgRmEL 2
(f) Edge image 2 detected by

this algorithm

K3  Lena F{GIQZAINEE R HEL

Fig.3 Comparison of edge detection results for the Lena images
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by Ghosal algorithm by improved mask by Canny by this algorithm
NG
NN
NN
ONENENENN
NENENENN
NENESENENINN
NENENENENENE N
ENENINESENENS
NNENENINONNS
CNENENENEN
NNENENN
NN
NSNS
N

(f) ekt 45 FEMRAREIG  (g) Ghosal FyEgmilEG  (h) dodtBosm e 4 (1) Canny HEBZRMEG () AERLGK G
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board image by Ghosal algorithm by improved mask by Canny by this algorithm
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Fig.4 Comparison of edge detection results for the check board
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Bk 35; Il 3 () ATk [8] 7E Ghosal FyEHABSAHAAR, 1L
H REASERR TSR %5 B I PR X A 2k 1% B 3 (e) A2 FH Canny
BT IREUNI GRS B 3 (d) R 3 (F) A S i sk
SEAR L G R TR 15, BB S 0.2 0.1 K
T HE 1R300 % B, SR AN TR 1R 30 5 B (i o B o R R AE VT &
B S50 2 HAFBY IR Zernike 55753, W i 52
XTI, 21 = 0.2 B, AR NSO FE 21T
Ghosal Hi%. M1 = 0.1, Wl 3 (e), KW L5 5 R Canny 5
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Canny SVERINM B A %E BEE.

5 S T IR 8 x 8 BEFIAHIAIK) 400 x 400

BRI EMR. SC5 2 H B2 LU RIS K i 2 T 5 BRI AKIZRIR

HIA G MARHLIA G RPN RE . B 4 IR K S 45 R, Fig.5 Trapezia grey image

Horpr, 1 4 (a) 2R B4 (F) W 4 (a) ElTies 45°

JE R (5 1 4 (b) A 4 (g) AR Ghosal S35 % A 10 AREHES S AR

5 x 5 BRI GEG: WG EEM N k= 0.9, [, = Table 10  The hypotenuse subpixel coordinate detection

1/v2; B 4 (c) B 4 (h) S 3C#k 8] X Ghosal SLVERTARIE
17k, H 1 = 5/2v2 0% I, = 1/v2 JBHILL K, X
Ff S 5 x 5 B [ 4 (d) FIE 4 (1) &R Canny 5T ( 21)
SO R, T 4 () R 4 () Rl A SO T E"”-L”’ 21) (319562, 21) (517208, 21;
21

(

BUE 3§ ALY O R S Al b AR SCHEAS R
30.5, 21) (30.5000, 21) (30.5702,

B  GUAIT7 J5, RF 7 % 7 WOBERE, £ ke = 1.7, 1, = 925, 21) (826748, 21 (924905,
1A TR A SR UG, Tl I X B I, A8 SCHEARET 33.5, 21) (332767, 21) (33.3909, 21)
WLk 4 Vo SR K SCik (8] 40, T 5 6 SEHERSS; 117 Canny (34.5, 22) (34.509 6, 22) (34.5702, 22)
GRS UL 5% S VR R (35.5, 22) (35.2769, 22) (35.7208, 22)
SR H RN T SREUE BRI SN WAR AR ER, N (36.5, 22) (36.6748, 22) (36.4905, 22)
B, HIET 18 100 x 100 FIKEEIE, WK 5 fiw, E£F (37.5, 22) (37.2767, 22) (37.3909, 22)
BN T —AMBL B E, T2 R0 A O A1 (38.5, 23) (38.5096, 23) (38.5702, 23)
Je S 15°, BRI IAR I KR BEAB A 0, T SR N 1. B 5 (39.5, 23) (39.2769, 23) (39.7208, 23)

BB IRIATE 2 %58 30 4T, 45 20 ~ 80 FUALE L, FISCHR [8]
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Table 11 The base edge subpixel coordinate detection Cheng. Sub-pixel detection based on spatial moment and

PG R AR BOIERRR  A b AR SCEEAL R

(30.5, 55) (30.528 7,55) (30.516 9,55)
(30.5, 56) (30.528 7,56) (30.516 9,56)
(30.5, 57) (30.528 7,57) (30.5169,57)
(30.5, 58) (30.528 7,58) (30.516 9,58)
(30.5,59) (30.528 7,59) (30.516 9,59)
(30.5, 60) (30.528 7,60) (30.516 9,60)
(30.5, 61) (30.5287,61) (30.516 9,61)
(30.5, 62) (30.5287,62) (30.516 9,62)
(30.5, 63) (30.5287,63) (30.516 9,63)
(30.5,64) (30.528 7,64) (30.516 9,64)

B 6 A SO IR A5 3R AR B i 22 7] SCHR (8] A
Ghosal 5945 2 1) AA brf 22 34T 20 A BL AR B b =008
TR TEAT 5 00 AR SR (8] AL S Ghosal 5%
15 2% AR AR i 22

0.3
* ABEY
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A SRR [8] Bk
ot
5
ﬁ A A A A A A A A A A
S gob* * O* *x F ox x % % %
i
Z -0}
B
-0.2F
_03}
L ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ]
_0.4L— N N N N N N N N N
| 2 3 4 5 6 7 8 9 10

bR A
B 6 MARE AR ZE 50 BT
Fig.6 The analysis of the subpixel coordinate errors

4 25t

Wit HES 7 x 7 Zernike AR REHV S Zs1, Za0, T
T ANFF Ghosal 5321k s A Wik 4, ofcdk J5 it s A
AU BRI S A I BE D), RSN B IA A A, 1 2 A R
PR . BT AR 7 v S T AR B S 71k, B DAE A
HE T B L AT W S+ A L R EAF i pieRe . =
JE, TERET Zernike FE AR RN AT FE b, 75 Z0HEAS
BEMTHERUSE, MOSHRER, A FdE— A,

References

1 Zhang Yu-Jin. Image Segmentation. Beijing: Science Press,
2001. 9—18
(EHT. BB aH]. dbat: B HNE, 2001, 9—18)

2 Wen Shan, Li Bao-Qing. Multidirectional image edge detec-
tion based on wavelet laid. Acta Automatica Sinica, 2007,
33(5): 480—487
(ST, AT BTN R 2 7 1 BRI, AR,
2007, 33(5): 480—487)

Zernike moment. Journal of Applied Sciences, 2004, 22(2):
191-194

(TX5, XHES, kK, BT, LT MR Zernike HifTEA4
FINGATI. N HTEFA AR, 2004, 22(2): 191-194)

4 Lyvers E P, Mitchell O R, Akey M L, Reeves A P. Subpixel
measurements using a moment-based edge operator. IEEE
Transactions on Pattern Analysis and Machine Intelligence,
1989, 11(12): 1293—1308

5 Liao S X, Pawlak M. Image analysis with Zernike mo-
ment descriptors. In: Proceedings of IEEE Canadian Confer-
ence on Electrical and Computer Engineering. Nfld, Canada:
IEEE, 1997. 700 —703

6 Ghosal S, Mehrotra R. Detection of composite edges. IEEE
Transactions on Image Processing, 1994, 3(1): 14—25

7 Ghosal S, Mehrotra R. Orthogonal moment operators for
subpixel edge detection. Pattern Recognition, 1993, 26(2):
295—306

8 Li Jin-Quan, Wang Jian-Wei, Chen Shan-Ben, Wu Lin. Im-
proved algorithm of subpixel edge detection using Zernike
orthogonal moments. Optical Technique, 2003, 29(4):
500—503
(B, B2, Bk, AR, — Tk Zernike [EASH AR R
DGAMETE. a2, 2003, 29(4): 500—503)

9 Wang Mei-Hua. The Application of Invariants Theory in

Pattern Recognition [Master dissertation]|, Yanshan Univer-

sity, 2004

(B, A RIS EREYUN N [ A7 163, #lok

%, 2004)

Teague M R. Image analysis via the general theory of mo-

ments. Journal of the Optical Society of America, 1980, 70:

920—-930

Abdallah S M, Nebot E M, Rye D C. Object recognition and
orientation via Zernike moments. Lecture Notes in Computer
Science, 1997, 1351: 386—393

10

11

mtt—  PEBAGEL I A ST ST A EEERTSTT L
AL MG AL . ASCB{F/ER . E-mail: shiyi-gao@163.com
(GAO Shi-Yi Ph.D. candidate at Shenyang Institute of Au-
tomation, Chinese Academy of Sciences. His research interest
covers machine vision and image process. Corresponding author
of this paper.)

BT P EREBR L A AT SIS . TS5 R AL AL
K, AR N, IS A LA R St e 46 (K B At PR AN B AR 4
5%, E-mail: myzhao@sia.cn

(ZHAO Ming-Yang Professor at Shenyang Institute of Au-
tomation, Chinese Academy of Sciences. His research interest
covers robot mechanism, bionic robot, parallel robot, and appli-
cation research of advanced manufacturing.)

s B PERFEEBER A S BTET I ATSUAE. EERTSTT A AL
A S BB 40 FT. E-mail: zhangleil@sia.cn
(ZHANG Lei Ph.D. candidate at Shenyang Institute of Au-
tomation, Chinese Academy of Sciences. His research interest
covers machine vision and image process.)

SRUESE P EBLABEIL I A ST ST I A R AT SUTT [ L
AL S % 6. E-mail: zouyy@sia.cn

(ZOU Yuan-Yuan Ph.D. candidate at Shenyang Institute
of Automation, Chinese Academy of Sciences. Her research in-
terest covers computer vision and vision based control.)



