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Abstract To solve the non-uniform background problem induced by the illumination with uneven light intensity in
the system of detecting surface imperfection on large-aperture optical components based on the machine vision, an
image background correction method is adopted based on the mathematical morphology. An image segmentation
algorithm of image gradient in combination with Otsu method is proposed. The experimental results show that the
proposed method has the good anti-noise performance and high extracting accuracy for the blurred images at a
certain degree.
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Fig. 1 Flow chart of improved algorithm for segmentation of imperfection image
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Fig. 2 (a) Original image and (b) background-corrected image
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Table 1 Evaluation factors of images before and after background correction

Image Image detail Luminance uniformity Luminance mean Standard deviation
Original image 4.3898 4.2939 34.4857 5.7349
Corrected image 4.3677 0.6414 5.1516 3.2017
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Fig. 4 Segmentation results for scratch image. (a) Original image; (b) gray histogram; (c¢) segmentation result from

traditional Otsu method; (d) segmentation result from proposed method
iR AE R b R B — S 2, Dy R ADL T — R A0 — Sl A RS R b3 T v i i e A%
AL B 1 98 BE L LA BT 32 5 ¥R Tl R R R e i aE . 5 Ca) BT R D B IRHR /Nl 512
pixel X 512 pixel; ¥ 5(b) Fr7R b 345 B e/ Sb 45 REE 75 B IRT AT UL e /DN A 4 6 00 16 6 il o 188 D I RS T il &
LG8 E L A Al BE 5 5 1 DT SRR 5 18T 5 Cod Bz S ) e 4 5 vk DN A5 1) 9 82 23 A it 2k . AT MEER ¥5 B
A AR 3 A

@

L (©)

Width /pixel
(V] =~ t (e} |

[\]
T

1 1 1 1 1 1 1 1
50 100 150 200 250 300 350 400
Image row coordinate

5 (B ; (b) de /NMEREIE 8 B (o) 56 B 40 A il 26
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Fig. 6 (a) Original image without noise; (b) image with Gaussian noise (m =0 and 6=5) ; results extracted by

(¢) proposed method and (d) traditional Otsu method from (b); (e) image with Gaussian noise (m =0 and 6 =25);

results extracted by (f) proposed method and (g) traditional Otsu method from (e)
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(c) sizes of scratches extracted by proposed method

T Bk LA b ELAE R A R R AR s R SR AR AR AN [R] AR T AR HEE AR (ISO 14997) Hig
HEXIR Grade 0.025 BYEIR , HEAR IR 11 W& EHER R AR ECH 200, R K/INA 2048 pixel X 2448 pixel R ITR
1R 0.32485 pm/pixel, FRUERIIE R SF (58 X KN 6.3 pum X 100 pm, 2> BIECEE 1,6, 11 i B4R 8 R 38 ok
BE, QB 8Ca) TR , AT LA Y Bl 5 B A e 3 0K, SR B R BRSO 5 161 8 (b) Sy 11 1 JE1 45 % Iz 19 ¥t WA 5 4 ity
LR E B WG S S 7 () (5 ELAE 2L, I 8 I 25 5. m i, 224 Kl 9 P A A ) L 48 335 AR s (AR 52
grp E=>2X10") K BE I i 25 B S AE R IR 25V O 10 ~2 %05 SERE I s 45 R 22 R KON 3 A2 L
K BEMC R BE A8 W 2 SE PR A DU 22K . ) &b, X T e B R i £ R AR A5 i I An I 8 () 2R 11 i RIS L R
JUEE G L RO R R R, I R 22 O £ B T R T A N T I RS DL R AT — E ARORY R 1 R SR
e Ay oy MR RO

4 4 ©

e Sl T B ) 2 T DE 7 P14 o b 0 6D A0 8 b T — 7 T o 4 B R PO B L T R R e
T BR S 3550 468 DR 22 3 G 1 PR 5 5 R 449 5 ) S ) T 488 S 10 360 T 25 2 100 75 A L 50 L R 1940 75
SEHEATAME . S 5 S E T TR O v B R RN R L PR T S R A A B KRR B . SRS
FH L4085 182 0 Otsu M55 4 0 ik P 430 0 7 AR JBOBE S LA, 5 R T A5 48 Ortsu 395 % MR 75 i A G 8 o
4 55 /N EAR B B . 5 A AT BRI M I O T DR B b o A 7 T 4 T 4
VEHEAT T AL L 4% SR 2 A T 4R 5 R 0 5 A SR 0 SR 7 065 T 3 T RE s A ik K T 7 A LA — 5 P2
A

0911004-8



@ -
28 b ®
2.6 | °
[ [+]
« 24 F
(=]
= L
Y °
L ° o
L °© o
2.0 ° o
18 R 2 N . .
0 2 4 6 8 10 12
Image No.
- Y — | . —p— 10.0 0.10
10 (©) Od,’om ° - - ° L (d) —o— length error
95 b o —0O—length 49.5 —O— width error
—&A—width 0.08 |
90 | 19:0 g !
£ 8 185 £ @ 0.06
2 = o |
= 80 F 48.0 £ =
% . 2 0.04}
g BF . § |
0 maa 17.0 0.0z b
65 F & A A A A 46.5 3
ok
60 L ' ' L L 6.0 L 1 L 1 A
1.8 2.0 2.2 24 2.6 2.8 1.8 2.0 2.2 24 2.6 2.8
E/10* E/10*

B8 (a) AN [R) 5 Wi BE AR 5 (b) 37 B JEE i 4 5 (o) Jal R 00 o {1 fh 2 5 (D I o 15 2% T 4%
Fig. 8 (a) Images with different definitions; (b) definition curve; (c) measuring value curves of scratches;

(d) measuring error curves

2 £ x W
Xie Shibin, Yang Yongying, Liu Dong, et al. Digital evaluation algorithm of American standard in defects inspection of
precise surface[J]. Journal of Applied Optics, 2015, 36(2): 266-271.
R, B, X R, SRS R EDIE A DU SR B A SE BB R [T DS, 2015, 36(2): 266-271.
Gomez S, Hale K, Burrows J, et al. Measurements of surface defects on optical components[J]. Measurement Science
and Technology, 1998, 9(4): 607-616.
Miller P E, Suratwala T I, Bude J D, ez al. Initiation of laser damage at surface imperfections on fused silica optics[C] .
International Optical Design Conference and Optical Fabrication and Testing, 2010: OWAS.
Jiao Zhaoyang, Zhang Yanli, Zhang Junyong, et al. Influence of phase distortion on near field beam quality in final target
system[]J]. Chinese ] Lasers, 2014, 41(5): 0502004.
FEJRPH, sR¥wN, SR, 5. Ao oA AL AR XTI g6 R B s 2 [T] . T EOG, 2014, 41(5): 0502004
Wang Wei, Zhang Lei, Feng Suya, et al. Using fluorescent microscopy method to study subsurface defects in Nd-doped
phosphate laser glasses[J]. Chinese J Lasers, 2014, 41(9): 0906001.
E OB, k&, SR, RN MO0 BT I IE B vk R £ WO B AY I R B (] EOE, 2014, 41(9):
0906001.
You Kewei, Zhang Yanli, Zhang Xuejie, et al. Influence of relative position of optical component surface defects on near
filed beam quality[J]. Chinese ] Lasers, 2015, 42(3): 0308004.
JuRHE, sk, SKREIE, S O TT kR BRI AR X B 4 A I g 0 R B R RS2 (7). o EOL, 2015, 42(3):
0308004 .
Wang Shitong, Yang Yongying, Zhao Limin, et al/. Numerical simulation research on scattering light imaging of surface
defects of optical components[J]. Chinese J Lasers, 2015, 42(7): 0708005.
FUE, e, R, SF . LR T R R R OO R BB AT S D] T EOG, 2015, 42(7): 0708005.
Stolz C J. Status of NIF mirror technologies for completion of the NIF facility[C]. SPIE, 2008, 7101: 710115.

0911004-9



ot % % i1

10
11

12

13

14

15

16

17

18

19

20

21

22

23

24

Thompson C E, Knopp C F, Decker D E. Optics damageinspection for the NIF[C]. SPIE, 1999: 921-932.

Baker I. R. On-machine measurement of roughness, waviness, and flaws[C]. SPIE, 1990: 248-256.

Wang Chuanke, Kuang Longyu, Wang Zhebin, et al. The stimulated Raman scattering from interaction of 351 nm laser
light with hohlraum[J]. Nuclear Fusion and Plasma Physics, 2006, 26(4): 310-313.

EALH, Stk EPOR, & MOL Kb =5 B006 2 8 Raman U RE R A 40 A I (1] BORZE 558 7R3,
2006, 26(4): 310-313.

Mascio L. N, Logan C M, Martz H E. Automated defect detection for large laser optics [J]. Engineering Reseach,
Development and Technology, 1997: 25-30.

Li Aixing, Yang Tianyi, Zhang Ying. Preliminary research of surface defect recognition based on machine vision[]J].
Journal of Chongqing University of Posts and Telecommunications (Natural Science), 2007, 19(4): 442-445.

FUR, BRI, 3k B ST LA RS 85 005 J0 8 3R T L UM R0 B BF 5T [T . T PRMR i K22 2 4R (AR D)
2007, 19(4): 442-445.

Fan Yong, Chen Niannian, Gao Lingling, et al. Digital detection system of surface defects for large aperture optical
elements[]]. High Power Laser and Particle Beams, 2009, 21(7): 1032-1036.

WOH, BREE, MER%, S R HRR SR IO R AR I R e U] RO SR TR, 2009, 21(7): 1032-1036.
Yang Yongying, Lu Chunhua, Liang Jiao, et al. Microscopic dark-field scattering imaging and digitalization evaluation
system of defects on optical devices precision surface[J]. Acta Optica Sinica, 2007, 27(6): 1031-1038.

Bmse, M, B, S OGS Iu kR T B A 09 AU 3 AR BOBCE T R g 1] AR, 2007, 27(6):
1031-1038.

Hu Min, Li Mei, Wang Ronggui. Application of an improved Otsu method in image segmentation[J]. Journal of
Electronic Measurement and Instrument, 2010, 24(5): 443-449.

O A M, TESRS. BN Otsu BEIETERMG A S i i O] . f I 5 ALER 244, 2010, 24(5) ¢ 443-449.
Otsu N. A threshold selection method from gray-level Histograms[J]. IEEE Transactions on Systems, Man, and
Cybernetics, 1979, 9(1): 62-66.

Wang Haihong, Zeng Ni, Lu Wei, et al. Edge detection of laser imaging radar based on wavelet transform and
mathematical morphology[J]. Chinese J Lasers, 2008, 35(6): 903-906.

T, Ye, B B, A BET/NEUB SRR IR S 2 0O BUR R IS B GG I [T . O, 2008, 35(6)
903-906.

Zhu Kehan, Yang Ming, Jiang Jintao. Correction method for microscope transmittance uneven illumination images[]J].
Journal of Computer Applications, 2013, 33(S1): 190-192.

RENDL, B 09, e, BEEE NGRS EEEIE T ). AP, 2013, 33(S1): 190-192.

Zhao Wenda, Xu Zhijun, Zhao Jian, et al. Enhancement of infrared image details based on gradient histogram transform
[J]. Optics and Precision Engineering, 2014, 22(7): 1962-1968.

Wik, SLRRZE, B g, S SETRRE E OV EAR SR AANEMR R 4l (U] . O RS TR, 2014, 22(7): 1962-1968.
Zhu Cong, Yu Guangting, Li Bailin, et al. A new algorithm for measuring defects width on precise optics lens surface
[J]. Computer Applications and Software, 2014, 31(12): 259-261, 286.

dOWR, TR, ZEAAk, S — ORI O B R 2 TG TR & Ok (1] TSR ALRE A S o, 2014, 31(12):
259-261, 286.

Tamayo P, Slonim D, Mesirov J, et al. Interpreting patterns of gene expression with self-organizing maps: Methods and
application to hematopoietic differentiation[J]. Proceedings of the National Academy of Sciences, 1999, 96 (6): 2907-
2912.

Cui hui, Liu Shijie, Zhao Yuan'an, et al. Study on total internal reflection microscopy for subsurface damage[J]. Acta
Optica Sinica, 2014, 34(6): 0612004.

B8, XA, Bonde, 5. 2 R B REOR PRI 2 m S AT T A5 (] ObeE s, 2014, 34(6): 0612004
DuQL, Lan X S, Yuan L, et al. An optical imaging simulation method for inverted microscope and its application in

automatic cell manipulation[J]. Advanced Materials Research, 2012, 490: 1981-1985.

0911004-10



