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A fast, robust and precise method for measuring scratches on optical surfaces

CHEN Shaojie' , LI Bailin' , ZHAO Wenchuan®, XIONG Ying' , LIU Jiajia'
(1. College of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. The Institute of Optics and
Electronics, Chinese Academy of Sciences, Chengdu 610209, China)

Abstract: In order to improve location and width measurement precision of optical surface scratches, a sub-pixel edge
detection algorithm based on discrete orthogonal polynomial surface fitting was proposed. Sub-pixel edge detection was realized by
fitting the edge points and their neighborhood into surfaces instead of by curve fitting only in the gradient direction of the edge
points. By using the acceleration strategy of the region of interest and the method of fast solving surface equation parameters based
on discrete orthogonal polynomial, the processing time was greatly reduced. In terms of width calculation, the Euclidean distance
of each section was calculated after the scratch was divided into a series of small segments adaptively and then the maximum width
was the width of scratch. The experimental results show that the proposed method has high accuracy and strong robustness. Mean
error of width is less than 5.2% and standard deviation of width is less than 0.3 of the same scratches measured under different
visual windows by this algorithm. In terms of processing time to solve the surface model parameter, the processing time of
acceleration strategy is 7.35% of the least square method and is greatly reduced. This method can meet the requirements of fast
and high precision measurement in engineering application.
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Fig. 1 Algorithm flow chart
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Fig.2 Edge detection comparison of a scratch image by different edge de-

tection operators
a—Sobel edge detection operator b—Roberts edge detection opera-
tor c—Prewitt edge detection operator ~d—Canny edge detection

operator
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Fig.3 The schematic diagram of the scratch division
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Fig.4 The common area under different field of views of the same scratch
Table 1 ~ Comparison of the results of each section point of the common area

with three algorithms

section results of the four scratch images/pixel
algorithms

point 1 2 3 4
curve fitting 5.684  6.570 6.137  7.103 0.606

standard

deviation

least squates ¢ 510 6 139 6.011  6.695  0.298

surface fitting

our algorithm 6.362  6.211 5.913 6.534 0.263

curve fitting 7.785  7.871  7.142  8.203 0.443

least squares

6 S 2317 7.139 7.182 7.593  0.205
surface fitting
our algorithm 7.415  7.219 7.152 7.643 0.220
curve fitting 6.581  6.803  6.810 7.586  0.440
g leastsquares o0 o091 6804 7.222  0.210

surface fitting

our algorithm 6.713  7.174  6.974  7.157 0.214
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Table 2 Comparison of the results of the common area with four algorithms

results of the four scratch average error

standard

algorithms images/ pixel compared with .
0 deviation
1 2 3 4 calibration value
calibration 7 7 7 7
value
threshold ) 74 12,350 0.7288 10.493  53.05%  1.143
segmentation

curve fitting  7.785 7.871 7.142 8.203 10.75% 0.443

least squares

7.317 7.139 7.182 7.593 4.75% 0.205

surface fitting

our algorithm 7.415 7.219 7.152 7.643 5.10% 0.220
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Table 3 Comparison of the processing time through least square method and our algorithm

scratch image

elapsed time of different algorithms/s

average elapsed time /s

1 2 3 28 29 30
our algorithm 0.016 0.015 0.016 0.016 0.015 0.016 0.016
least square method 0.187 0.203 0.265 0.266 0.250 0.219 0.217
average ratio of elapsed time 1:13.6
A T SR A R R, AR S AR R I T A e ) 2 £ X #

I E A R K RRAR, B TE] LB IR B T 1 0 13,6, BAE T
ARSI S

4 & g

DA 2 1 S JRBE A PG A o1, %8 I i el
JRRE V1 B J3E 0 2 R SR ) 1), 76 Canny 10 2546
DA | 48—k 3 TR AlE 52 2 100l U5
WARZ A GG I 5 GE BN BB, AR R RIR K
JE & 3B , A BEs B QRS S S X el i
Ay RETETEAS, FE00F T T 300 5 i JRy ¥ V45 AR K JRE 93 A1

AL TR 2 )68 PGP B9 A, 20 17 I R Y 52
Wiy, e T RS BE T e EA T - 2R U Tk 1R e T
T G5 5 81 B 9 BT R L 5 X ot T A 2 2 5K i
T AR A 2k ELRB IS A TR] T, R IUJ M DX S i 54 s 5
BT R HOE S 22 3 1 75 e S e R EOR A7k H R
HEAT 090 3 T3 58, Heat B A 29 0 B/ Rk Y
7.35% o W FRRETREW A SCOR R T %S T
SEPL AR PRASCR g RIIRAR R (O G P L% 5 R I e R R
B HARE , Bt ER AN, 207 k0
PG B 30 30 G5 A6 DN R 58 B2 00 6 s LA AR 4 1) A 2

[1] PANY Q, LIU P. Visualized detection of surface scratches on optical
elements[ J]. Journal of Xi” an Technological University, 2012, 32
(6) :447-450(in Chinese).

[2] CHEN XY, LIUD, WANG ST, et al. Research on digital calibra-
tion method for optical surface defect dimension[ J]. Proceedings of
the SPIE,2012,8417 ; 84173 L.

[3] ZHUC,YUGT, LIBL, et al. A new algorithm for measuring de-
fects width on precise optics lens surface[ J|. Computer Applications
and Software, 2014, 31(12) ;259-261 (in Chinese) .

[4] HERMOSILLA T, BERMEJO E, BALAGUER A, et al. Non-linear
fourth-order image interpolation for subpixel edge detection and locali-
zation[ J]. Image and Vision Computing, 2008, 26(9) ;:1240-1248.

[5] SUNQ C, ZHOU Y Z. A sub-pixel edge detection method based on
cubic spline interpolation[ J]. Control Engineering of China, 2014,
21(2) :290-293 (in Chinese).

[6] LIANG ZJ, WANG K F, GU G Q, et al. Digital speckle image cor-
relation method base on particle swarm optimization algorithm [ J].
Laser Technology,2014,38(5) :603-607 (in Chinese).

[7] WUP,XUHL, SONGW L, et al. A non-linear quartic image inter-
polation based subpixel edge detection algorithm[ J]. Journal of Har-
bin Engineering University, 2015, 36(2) :1-6(in Chinese).

[8] DA F, ZHANG H. Sub-pixel edge detection based on an improved
moment|[ J ]. Tmage and Vision Computing, 2010, 28 (12) . 1645-
1658 (in Chinese) .

[9]7 QUY D, LIRD, BALY H, et al. A high-speed Zernike moments
edge operator based on 9 X9 masks[ J]. Journal of Optoelectronics *
Laser, 2010, 21(11) :1683-1687 (in Chinese).



382

Wt o R

2016 45 H

[10]

[11]

TAO Z, CHEN S G, ZHANG B, et al. A fast subpixel edge detec-
tion method for image of micro-part[ J]. Proceedings of the SPIE,
2013,8783:87831H.

CAI'Y, YE L X. Non-contact measurement for outside screw-based
on a modified sub-pixel edge detection algorithm of zernike moments
[J]. Journal of Shanghai Jiaotong University, 2014, 48 (10) ;1468-
1472 (in Chinese) .

GAO SY, LIANG Y Q, YANG K Z. Defect detection of laser weld-
ing seam of unequal-thickness blank based on structured light vision
[J]. Laser Technology,2011,35(4) :440-443(in Chinese).
FABIJANSKA A. Gaussian-based approach to subpixel detection of
blurred and unsharp edges[ C]// Proceedings of the 2014 Federated
Conference on Computer Science and Information Systems. Warsaw,

Poland ; Federated Conference on Computer Science and Information

[14]

[15]

[16]

[17]

Systems 2014 :641-650.

CHEN X Y, HU Y, BIF L. Precision Location of sub-pixel edge in
CCD optical imaging systems[ J]. Information and Control, 2014,
43(2) :176-180(in Chinese).

CHEN X W, XU C H. Universal sub-pixel edge detection algorithm-
based on extremal gradien[J]. Acta Geodaetica et Cartographica
Sinica, 2014, 43(5) :500-507 (in Chinese).

ZHAO P, ZHAO W, DUAN Z, et al. Subpixel precise edge extrac-
tion algorithm based on facet model[ C]//2012 Fourth International
Conference on Computational and Information Sciences ( ICCIS).
New York, USA :IEEE 2012 :86-89.

LIS, LU R S. Sub-pixel edge detection algorithm-based on gauss
surface fitting[ J]. Tool Engineering, 2011, 45(7) :79-82(in Chi-

nese) .



