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Solar cell surface defect detection based on visual saliency

Qian Xiaoliang,Zhang Heqing,Zhang Huanlong,He Zhendong, Yang Cunxiang

(College of Electric and Information Engineering, Zhengzhou University of Light Industry, Zhengzhou 450002, China)

Abstract: The existing solar cell surface defect detection algorithms based on machine vision are all designed to use various types of
mathematical models to carry out the algorithm design. In order to further improve the detection accuracy, inspired by human vision
bionics, the human visual attention mechanism is firstly introduced in the solar cell surface defect detection, and a solar cell surface
defect detection algorithm based on visual saliency is proposed in this paper. First of all, the acquired solar cell surface image is
preprocessed to remove the noise and grids that influence the defect detection. Secondly, a visual saliency detection algorithm based on
self-learning features is put forward to roughly locate the defect region. Then, an algorithm that combines the visual saliency and
superpixel segmentation is proposed to precisely locate the defect region. At last, the final detection result is obtained using
morphological post-processing. The subjective and objective experiment evaluations on a test image database containing various types of
defects demonstrate that the proposed algorithm has high detection accuracy.
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Fig. 1 Defect-free solar cell surface image
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Fig.2 Example of visual saliency detection for solar

cell surface image

2.2.1  AAIFHESRIR

K 1, (o,y) RIGIIBN A b x b RN G, LRI
(G A S0% TR FRIEH X =[x, 0,] e
R™ 44 RS B 10 72 1 B4 i IR UCHEIT 3
o e R ke [1, N] 245 kAR 5 REALS
ZEH. m = b xbx3,

DL X VR INZRAEAS 4R, Rl 3E oK A T 2UHY H b eR AL
T/ MU TR RAS 2 3 27 2 FRAE S U AR -

g ]
min 3 (e - Wau 2+ ALl ()

X W= [w,w,,,w, ] e R ERFFIESR B,
w, e R" QR W5 kA~ JEm i, n AR =14
BOMHE RO R no> mo |||, |||, 2B 1 JEER 2
WHEEEH; o, e R IR RT I —Ad RS ; A 2
AT A2 (DL (5) 55 1 30) Ff gtk ( WX (5) 5 2
) B3 £ S8, X (5) ATl Mairal J 28 A 4
SPAMS T HARSLH



7

BRIGESE 45 < 5T UL 35 1 A A FF A HRL 2 T e 5z D 1573

I AT EGRI x, BRHIE ] R R A

j: = pinv (W)x, (6)
Kb fy e R ARER x, WFRHE i, pinv (- ) FREERHEFEDY
OB SR IR G RRAIE 6] 5 5, BT 75 2 4 A
FUG A HEAE IS BRIC A F = [, fouoy fu] € R™Y
2.2.2 FHPERERAE R

FRAEAERE F o] R o0

F=L+S
L = [ll’ lz’”" an € R™"
S = I:s] ’ s2"“, sn] € RnXN (7)

A L g RBRAR R, ARG PR IE B A LR 51X
B S R A ARG P RES R RIS T B A 2
F X LTS 1SR A — R AR AR A2 ) L, m] e ok
TREATR A

(L™, 8") = argmin([L], +BlS],)
s.t. F=L+8§ (8)
L L7 F1S™ 433 LA S HSRARER, || - ||, 1%
BAOEGE S, B o HAR R U5 1 RIS 2 AT
TSR, A (8) WK A T Jd i A RS B4 ) hoA% I H 31
: (inexact augmented lagrange multiplier, TALM) "™ Sz #j
2.2.3 BRI PR

IMERE G X, ke [1, N] JLRFEER:

SC(x) = s, I (9)
Kbt SCOx,) 1okt x, M9 B, S7 1GEe S” (95 & 91,

2.2, 1 prik  MRBE BRI Z [0 A S0% EE, T
A —G R TR AW DRGSR I BB R
A (v, y) BB D T A5

1 h
SC(x,y) = 4 ¥ SC(x,)
g=1

s.t. (x,y) € x, (10)
A SC(w,y) MBBRA (v, y) WRFME, h URE
FRFE N (x, y) HEHRHRIDEL, SC(x,), g e [1,h]
RFEHE ¢ MUTBREA (x, y) RGBSR B EHE.

B EAER I(x,y) W EE SC(x, y) B
KA T 2 o Sy — A B R 1 R BH B R v R R T
SRR RS X Rl AN 1 AL G DN S SE =N i E
R o DX B R 38 5 BT v s S, Dy ke e DX ) e 28
PIREE T — A REGER,

2.3 ETI52EENE GRS E R X

AN E BT 38 A5 S P ARG P LA X B o X Sl ife A
RECIWIG E AL, A I IR 00 0 3 6, AR SCHR S T —
P8 525 1 TR S B RH S G A e DI I 535
2.3.1 EgmE

R T BRI R R i 1 DX 0 A 8, AR SR R R
2R PEE 2 (simple linear iterative clustering, SLIC) i

GRS X T, (v, y) HEAT UGS H), RSB AR
8w, BEARRMER R, 3RS RERRIC N R =
IR Ry, Ry b Hop, MRS H Y XIS, 4% 73 1
DI G ZE AR T AIRKHEE, R, ¢ e [1, M]
REH ¢ NI BRR A
2.3.2  FETHLGE LA B DXOE £

R HE A SC (e, y) T XI5 0 2
Pk

SC(Re) = ﬁ(; SC(x.y) (11)

HHr: SC(Re) AREXI R, W EEE, |R | RER, 5
(R, PIRE S IANEO S

T A [ ) W i o e 28 A S X3
1, SC(Re) > iz SC(Re)

0, Hfth
L L(R) e e [1,M] B k)21 2 Bl A i 45
P B B R, A B A AR IC o 1, H ARy
Fridh 0,
2.4 JSHbIE

ARG RIS S, AR SO (R, #847 TE
SFJERE, e, X L (R,) BEAT PR A AL 3L, 3 78 R
B D3 9 2 3 5 B S, 6 L (R,) HEAT R Dl AR, 46 s
I,(R,) SR i i DX

I,(R,) = { (12)

3 KoM

3.1 XIWigit

MR . H Al I SCik I = R e, o8 T
B EAS SCRE A0 , A S5 RESCRR L 18-23 ] 41 i ik
BRI 7 =, 8 T — 007 100 1 K FH B L ith - %
T LG R T 15 P15 P [ 0, 5 A B o AR e Bk
PG o A BB 5 40 I, TCHREG 5 60 i, 7E 40
WA B G, R P TR 18 I Bk A 115 9 iR TR
B ERFAEIZR 13 5, KR 73 PR G — R 266 x 266,
SRR T B P R U o %, BT SR A I 5 R 5 LA
BB 2 [A]  FE A BE, AR S0 2 BROSCTk [ 18 ] 4802, X it
PR 5 HP R IR DI AT N DR, DA R SR

HILSEOE . AR ETF i E SR
b FEAAFE IS5,

D) EHGHGHEK b (062.2.1795) o 2.2 I ee 2%
PRI S, DAEUR B 3 AE SR oT, b KK, 153 5
AL S 2 ] LR, F-Measure (WL (13) , 1 TIF
WA SRR RE ) TR 2, RZ, TR R IR
% T F-Measure 32 =47 P o 5250 & I, 440 A RN
A 3% AT ) L BURE VR G S i i K 85 A



1574 oA & 2 38 %

BEIS F-Measure W] LA (b = 1 W) B9 95% Ay,  HERAFEIR F-Measure A4 % . SLH A, n =
T A LN TR AT DLREAG 70% 747 (RSCRERTH R R 300 BN G I, BUIN, n A 4RSEIE K, F-Measure JL-F- A

FEEFE2.27), ALEH: b = 266 x3% | = B, n WD, F-Measure 236 W8 T [
|7.98]=8, 3)(5) ()W EMTSHL A B o LKA, A BT

2) FALARIUBLRE Wl HE R n (LR (), [0.05.0.2] WARKT F-Measure YA R, 4 ZH A
(6)) . WIR(6) AR, n Yk THAFRIAFAEFtk g B <0-05 A B > 0.2, W F-Measure 4715 F . A3
HEH, n N, BRI AR I A A R IR A R g kg, BREBUE X = B = 0.1 LI F-Measure AAX T o
F-Measure FHERLZ 222, W3 UBHERIRE RO TU A%, 500

PSR W PEBRIE 5 i+ B R

(al) (a2) (a3) (ad)
() 17 S B FA) R 2 1 4%

(a) Defective solar cell surface images

) (bl) (b2) (b3) (b4)

(O Nk ONE

(b) Enlarged images of defective regions

(c1) (c2) (c3) (c4)

(c) AR &5 P

(¢) The detection results for the proposed method

(d1) (d2) (d3) (d4)

(d) AL hsiEE
(d) Manual labeling images

P 3 R AE FEL it 4 T e e 45 ) 52 4]

Fig.3 Detection examples of solar cell surface defects
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