H37% oM % ¥ ik Vol. 37, No. 9
2017 4£ 9 A ACTA OPTICA SINICA September, 2017

ML B AT o i Rl B AR A B AR

4 Fh 2 OREETRS UBR ARE

2rp [ Bl K2, B AT 100049

N\

WE RN A5 A R 09 0 BT B, 0Ol 2% B8 25 7 A AN [m) R BE %) Al 4 i K W 28 B 4, 3 815 I8
i H AR £ ORI M L (SNRO ™ A — 8 M2, 32 1 R 40 L 2l = Jk (O 54 IR A IR T s B %
g i BUAR 10 J7 v, G5 E R BB AL G TG T S8 TUAR AR B B A 8 DT 7 AR SR THT A/ 1N 97 =F & 4t 19 1 )
BRI — D4R SR MR LG . 4007 T BT X = (0 UG AT (8 S B0 1 B0, B T T IRIROBE B 19 3l A5 B Rl & 1R
Jr s R 45 T 6% A e M R AR 5 B MR S5 B AR R 5 sk 3O 40 A R BSC(ELASE 400 T THT . 7S 43 36 IE T h A AU (E i
G AR Y 2 A Rk . 7E B 3 3R T e AR S 0 L SR = 00 SF B IR N Y R €8 AN 4 R AL R K
(CMOS) HHHL 43 FIAREL T 2 A TR S5 90 38 T 00 A5 00 = 36 38 0 R, It i 56 Geih S 4R B 3B sh A BB 41 &
7 EE M R X B IR A AL O B v A B — R A0 S R E s SNR BMR . 7E R 5 3R DL R SE B b, LA
A 0¢ JBE - 24y 768 B R BB ) 0 e S T 0 S8, B Ak V1 450 O e R R 99 3R ) g 0 A T T, #E — 2P B IR i
Pl v U LRGP 7 TR A A . B R 1 B AR LR S R G A5 T VR T A AR ARG 1 R R M R R I R e
KBRS REEN ; ISR AHE: SR A

FESES TN247 MERARIRAS A

doi: 10.3788/A0S201737.0912002

Dynamic Spectral Coding Fusion Imaging Detection
Technique of Surface Defects

Miao Jie"?, Li Zhan®, Cui Zijian*, Liu Dean', Zhu Jianqgiang'
' Key Laboratory of High Power Laser and Physics, Shanghai Institute of Optics and Fine Mechanics ,
Chinese Academy of Sciences, Shanghai 201800, China ;
2 University of Chinese Academy of Sciences, Beijing 100049, China ;

Abstract When the surface tiny defects are illuminated by the light with different wavelengths, their optical image
exist nonlinear and amplified distortion phenomenon with different degrees. It has certain effects on target extraction
and signal-to-noise ratio (SNR) of the imaging information. An approach that defect image illuminated by red, green,
and blue light source is used for dynamic spectral coding imaging is proposed. The image synthesis with high
redundancy can be realized through pixel-level image fusion. Then it can further enhance SNR while fetching rich
details of micro defects on the surface. The spectral coding theory is analyzed based on three-primary-color images,
and then the dynamic weight fusion imaging method is proposed based on the image gradient. The corresponding
noise analysis model of spectral nonlinear amplified signal is given. The effectiveness of dynamic weight fusion
reducing standard deviation is fully verified by both theoretical analysis and numerical simulation. In the bright field
surface defect imaging experiment, color complementary metal oxide silicon (CMOS) camera of three-primary-color
equilibrium response is adopted to obtain three-primary-color filtering image of single micron-size defect point on the
surface. By comparing with the results of traditional edge extraction, non-dynamic weight combination, and other

methods, it is proved that the proposed optimization method can get a high SNR image with richer details. In the dark
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field surface defect imaging experiment, image gray level mean gradient and extracted defect quantity as evaluation
parameters, namely two aspects of optimizing image quality and defect recognition ability, are used to futher verify
the effectiveness of high fidelity and low noise. The study of this dynamic spectral coding fusion imaging method can
effectively reduce the noises from spectral nonlinear amplification.

Key words optical devices; surface defects; dynamic spectral coding; high power laser technology

OCIS codes 230.0250120.3940; 240.6700; 300.6490; 160.3380

[
Ju

|
o JOT R 0I5 T A o v Z RO IR Bh A 14 T R a0 2 — G R TEDE o R PR L S e B O R
SRR R TUERAE 1. AL 7RG AR AR 1 0 T A BRI 2 46 00 A5 5 e v, D o T0 A% 178 14 3 TRDIE A A 1 7l
o H ORI B0 T AR e 4 R AR R AR B TN RS Y R A A I T e AT T AL AR F
F2 A BORARLAT LR R 2 PR g 2 9 23 ) R I A2 2 TRDIE o A6 I -5 20 A B AR A i 1 B 0O I i R BF i )
A B b B N SR 57 A8 A o 5 R T 58 S 0 R AT AR I G CHE B ONTE) i i P
KT PIARR AR D62 0 f PR R T A 4B IR R G O P RE NIF OGS & i R I Wi & # 7 H %
PEREY . A8 RO AR U T B0 14 S B B o (BB X e RS R R 10 A8 3 THAEE g 1140 AR 0 5 R 2B AR A DG i 3
07 A AFAEAR K K ez ], TCie 2 W1 3 AR G 2 W 3 B A G G R 3 9 2 Xof 3 TR AR 3 52 B o R L 55
175 1 L LB 33K 0 2SR AE DRAIE B3/ INBE g A5 30 5 195 B 940 T 42 ) PSS R WS MAC R RIS 3o R o ) 1% R
P TS ) JoX 4 SC R B 1 119 DR R BR 1 AU 2R 8 1A Pk RE b S TR] A BT ey G 3% 280 = B0 B/ N E i 1Y
TG A R W A ) 25 B W B A B DR R TR o A e R i e A 0 P A 7 A 1 Ol 1 R
LR I 1 D) AO R GE R T 2R T /INIE A S BT S 0T 4 R AR AR R R B R

Btoeh bR TR A SCHRE T — A T = (0 R Y B A5 R (0 G 1 e £ R L AR R A A D s . — D T, SR
PR RO oo a4 2 AUAL S8 10 PR R BOE T A8 1 T8 0 0 P = e (8 P45 DA K PR Rl 5 B 40019 22 5%, 20 B RO
D 5 2R THUBE A A 1T 52 B AR5 AR DG IR 5 D T8 A5 SR B 3 TR AR AR I AR L — 20 G PR AR 1Y
YR 5 o5 — 5 T, MR AT AN ] A ARG I 0 G R BRI, 5l 25 R Rl S B ASU(E 20 I, AT SRR A SR T (/N S Y e R
FLF G {5 e LU PR T2 Tn O iR DN R . Oy B S o A5 O 0k T A AR SO Se 23 B = S B RO
GBS BRE S SEOGTE AR Sk R M PR L 3 A B T SR THE A PR A5B JEE 1) B AS AUEL TR Bl 5 BT i B A
1 17 % LU B MR B8 o 9% U 7 91 e B 40 3 e P S S 3 TR AR v 45 1 A2 T 0 ) I 3 G B AL ) 2 AT Bl 2
PG R S I B0 0E . 76 flG AR 30 TE S 36 v, SR ] = % €8 5467 1) B2 (9 7 68 B 4D 42 ) S8 AL 2k 1R (CMOS)
43 530 3J BRI AR i o 2 TR 19 21 L ¢ 0 = 0 PRI, R A == i P A 100 K B2 A6 B2 A7 Rl UMD A - Rl 5 1A
— g 00 = Y o A TR L AR

i
i

~

2 AR R LA LR BT B

TE 185 H AR PO C IR Bl #F ZR SR N R Ol oo e 1 A S THDIE A B R PR T B T B0 A SR BE A i
AR RE 1 o PN A Rk SCHROMIE S 1 R ST A A0 e v A O TR R PR HEAT T IR A BTt T E
8 DI A PO AT i B e, 23 6] 8 B0 A 5 AR 2 A B IR DR O PRI AR ] RLE BRI o D't o) 98 1 4
XI5 22 PO B B O 005 B9 5 W S A 28 5 . FESEER I TR O [ B8 BIE S 68 RN Ol 2 s I A N 4 OC
TE R TSR] AR I B BE L AL A BOK RUT B RF AR RS S 32893 B et 5 £ 627 0 T B BE xR S AR 22
KDL B S LA G 5 TR V8O 2R 8 10 FH 43 BT B B o 6 LA 380 AROK it 08 o R~ 4 o 0% L AR AT
TR WA LA AL G BB AT A% RSV LA 2 5y 7 A i B 0 Al 2 o 0 A KA 2 % i B
5N RIAL )7 A R AR AR IR A R R D RO RGP G R X A

T2 SUAT 41 T8 A 2 TBE A A I B AR v o), — MR B — I L OB T 20 AN e AT BB AR i 7 2
HRPOE R GE b i g S 9 SR 2 GOE A R I F 33X 2K A% 8 M8 W 5 A 7 MR P i R i 25 2 Jy ¥ 40 1 ) R
XS H T T Gl MR A [ 90 I B T IS, 7 A A [ R 8 A P o R iy 2 W52, o 4 3 TR g A 00l SR AR
ARG A AN T i T A BOGBE PG40 405 1A 0paE

0912002-2



ot % % i1

21 MEHBRBEGRATE

FE 43 R £ O TO 2 R 1 = 35 €0 i1 S B 38 ok 3R B % €6 8O JO 28 A IR AR Rl B 40 4 i = 3
PR, 5% 35 BTl 45 %) 4 12 1A T s S BUMEL P Ak » S8 LA 8 B Jn = & A48 38 R & o AT E A 1 R AE TR
B, SR 2 0 A EE R

PR Tl A F AR A A5 3 0 e E 530 0 e 58 20 5310 45 D 2000 e kb s D 538 B8 016 2 I 2 1 2 T B I AR
i) R0, Sy SIS AOK i 5 PR P R 0 A % 5, — R FH e G B I IR R O R A . L R B R R e X = 0k
0, T GORF 17 1) A5 38 2R AT A T HE JR 5 % — 6 €0 BRI B 3 D — 2 1) R B8 B 0 R % ol A 1 UL 4
[ T o < = W S S = i - (1 3 IR T

4{ red light illumination image }—
—{ green light illumination image |

" blue light illumination image |—

“ image matching

| feature extraction H fusion assessment H image fusion H dynamic weight calculation

Bl 325 R 60 G 7 PR A 0 s 7 I
Fig. 1 Main flow chart of dynamic spectral coding image fusion
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Fig. 8 Dynamic spectral coding image fusion effects. (a) Red light; (b) green light; (c¢) blue light;

(d) average weight; (e) optimized fusion image
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Fig. 8 (d) 0.33 0.33 0.33
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Fig. 9 Comparison of surface defects imaging and image fusion. (a) Red light; (b) green light;
(c¢) blue light; (d) optimized fusion image
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Table 2 Objective evaluation of the image

Red filter Green filter Blue filter Fusion image
Vime 1.5595 1.4678 2.1353 2.5365
Number of surface defect 23 36 45 53
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