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Optical Damage Inspection Based on Local Signal Enhancement
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Abstract To realize the recognition of surface damages with a low missed detection rate on large aperture optical
elements in a high power laser driver and according to the low signal-to-noise ratio characteristic of micro-size
damages, an adaptive detection algorithm is proposed based on the improved local signal intensity ratio. The signal
intensity difference between the damages and their neighbored non-damage area in signal images is adopted to
construct a filter template for the adaptive local enhancement of signal images. Thus, the damage signal intensity
can be enhanced effectively and the signal-to-noise ratio of damage on signal images can also be improved
significantly. As for the seed images, the seed selection and the adaptive regional growth are performed, and the
complete segmentation of damage regions is finished by the accurate extraction. The improved local area signal
intensity ratio algorithm can be used to effectively recognize the small-size damage points with a low signal-to-noise
ratio. Under the total internal reflection lateral illumination in dark fields, the damage points with size of about
30 pm can be recognized. The missed detection rate is lower than that of the existing local area signal strength
algorithm. The results show that the missed detection rate is below 0. 4% for damage points with equivalent
diameter of above 50 pm.

Key words measurement; damage inspection; local signal intensity ratio; regional growth; image segmentation
OCIS codes 120.1880; 140.3330; 120.4630

LA . HA 23175 5 )16 25 I R 38 T 7 A 0 7 7 o B M 5
H AT S R SC B = R T BB IR S R AT
B RBOCIK S B T B AR S MR AR RG(FICS) H Ml b 2R3 ¢ {48 36 0 I 2 W T

wt IRl TOUR A RESE N RO At R G (FODD SRAEZR W T 1 3% i 6 s

Wi EE: 2018-04-02; 1EE BHA. 2018-05-02; FHBH: 2018-05-11
HEEWB . B2 5E & TR O Y #5550 % 3 4 (CX]J-165040)
* E-mail: 46438131@qq.com

1104001-1



th i

i ot

(4 A5 Ak 38 R B0 L IR IR T A G BR AL B R,
] P R AR ' 2R 0 0 A T B R 1 BE g A T
FHOC UG A 38 4 AR B B 52 1 b F ke 25 By B, B
B RIS B R T B R R RS A0 A Y
BIAELRA DAL AR AR A T 3R G236 5K 10" ~10° pm
(4 BE 3P T R R T MR RSE & iR 300 ~
400 mm, T2 32 B H 3k 5%, 3¢ [ FICS #l FODI (1)
K B AR A 50 pm A B RCSF R85 55

BE T A 2 TT A 9 4 D9 I S5 i B A 1 A B 4
T @ o EE S A S0 LED 68 il s 3 5 1
1) 5 WE I RZ L ff P T A 486 22 ok B i 5 03 )&
FN e 4 P I S S ) ) BRI B R BT 3R AR
o i M RS LA L /0 ik 2 O AT 8K 2 7 0 3 1A
1R T R A8 1 5T DL A R 5 BE A R A R
WIEWME R A EATEH., FEERAAESE
(NIF) A6 I 22 ¢ R F 25 T )= 515 M b (LASNRO 9 4
ARG 7 0 38 A BB IR TR0 4 AR B L DL
AMERER U Ry SAE R LU AR Ay G A4 4 A S 48 £ 1R
il o W ZRIEE Tl KA i 4 1 A7 FE LASNR 7%
MLl b 4 T )R ERAE S R (LASSR) B/ 2%,
LASSR Bk F BB EE —FH R — QR A H
JRi N Y H BRSSO B0 MR A LU (R
T PR AR 2R A R b A R L B 5
17 X3 A 4 AR A 52 400 X 3. LASSR B3k 6 w5 if
1 2 1l AR 1)t A2 2% R S R E [ B LA A
FRfEEM: . [, LASSR Bk 76 H 5 R A5 5 EHR A
Xof 52 2% v A S A 1 [T B 1 55 7 K BE A L
ANIE E FR 45 11 55 00 R B AN ) B 55 ) 181 =) 38 9 1)
HROKEEEIEM R, Mk TRl 52 3 5
F1R) il 553 8 9 4 )™ L 1) 559 22 )5 P e R I R A S 0 B
HS AR,

BEOXF 3 ) B, Sy i — 20 [ AR A 55 08 1) T A
BRGARSCBETE T — e 9 R B A 5 5 B H R L
FH R A5 5 G v A 585 0 95 1 5 98 3 3 o 1 48 38
AL X B BE A R A, B T — SR AR R S
PG AT B 3 I ) 385 38 5, R I B2 v 605 1 5 98 B
{8, 35 3 55 5 R e (5 R L . B e R R
ROIEAT R BE S S G K, IR HE AT RS B 4 IO A
15 DX I ) S8 B A ) . SO IS ) SRR AT 0 R L Bk
P A 5 1 TR 0 /N BE o 1) B T L T A 8 TEAI
SRy g v D FR O B O AR TT A 3 TH T Y S AE 2k
Kol RGEHT T T 364k

2 Rt B R AR S 0 L O3 O i
8 SM N SE I ERAA T A TR0 S SR B 9

St ABTEAEN T AL Y Ry dsk P R H bR S AR BT Sz
(1) 368 A A — 5 AR X LG RE A R il A DR 3 T A Ay
NIRFFEE5E . FeT N5 RE R LASSR 5 ki
TE R IR X L 37 15 2 1 Ak BEAIL L ARy % L
FEAE AR AR , AT LB A R 0 B AT SR Y
A W LU R/ HE G
21 BEREGMESEGHER

LASSR 5530710 S5 068 5 s P R A7 K
JEBAS =TT i 500, 55 46 W1 58 g e H A, ) i £
R AR R BE ORIV KA W 5 5 S50 A X AN 7 L X it
9 P15 508 8 o i e i, 75 38 TR 4%

I,.(x,y) =max{min[I(x,y)]}, (D

A I (o) NIRRT PR . A P s 3 U 3 0 8
A A9 B J R s R

) 1 Pyt
v(x,y) J151>e.,(1,y) . eXp[I ;y .
V2To, 201

(2)
R A8 X M 7 08 388 DA /N 8 Al T P S o ST D 0 A
e 010 X e (oo ) HEAT TR0 BT UE L HRHF T (v y)
55 v U B 00 PRAGORH DA 2 B Ak 5 Hh i 22 4 1A
15 B R AR AR 5 PR T
ulx,.y)=I(x,y) —
2111(79 exp(—xzzjgyu] , (3)
A BRIE2E o, SR RL /N TR R 1 e /N H s
22 ESEGBENFIEHIERE
MK G5 ER ux,y) M Z T EE,
TEHA AR B R B (E A . BE 0 BT Ak )=y S8y 1
i BSCIG I 1) 555 R R AT 5 Y e g i Ak Jmy B8 5 S 8K
Soif WSS R EE RO . Ak T R sl 5 5 P R I e
9 I 1 555 T A 5 R ) S A L
TP PR I L ) 58 22 S A S 0 R (R AR
by ik — A B I P R X B AR AR S AT A S
SRR . RG-S EHG T B RS S o B & T
SBBRAE HARE 5 58 B2 R 5 A 3 — R AR A X
155 EUGHEAT B 3E I JR) Sl 1 5, T R 48 i 3 AR A5
TR AR W BRI 15 MR L. I DA A A T
5 DA UE PR S 3 R 9 A TR IR T
T G 5 20 SRR e A5 AR 19 e RO AR L 155 A
Bl 8 ARl B 0 A 22 (L 5 3) 6 i KK EE {45 I AL
PIME R Fe A AR A b e AR i O R R R LI 1 ()
HAL A BRIC R R A I 5 R B O K R RS
R BE AR 1 T B R 21 b i AR R a1
K1) B AR w . B w B RST 3M X

Iopm(I 7y) .

1104001-2



h =] M it
(a) BT AR TR 2T o8 B 15 BT {5 5 00 BE
w' (x,y),

: 4

BT BRI . () E5A 1R 5 (b) BEAAE 8T 19 5 5 Bk

Fig. 1 Filtering template. (a) Structural diagram;

(b) image patches in scope of template
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Fig. 3 Segmentation results before and after improvement of LASSR algorithm. (a) Original damage image;

(b) three-dimensional intensity distribution of original damage image; (c¢) result after improvement; (d) result before improvement
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Fig. 5 Signal images. (a) Before adaptive local enhancement; (b) after adaptive local enhancement;

(c)(d) three-dimensional morphologies corresponding to (a) and (b), respectively
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(a) Original damage image; (b) segmentation result
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area of optical element; (b) - (f) corresponding to
measurement results of damage points numbered

by 1-5 under high magnification microscope
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