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Abstract: An automatic quality inspection system, aiming to identify potential product defects, is es-
sential for the production of solar cells. But few papers focus on the detection of back electrodes in so-
lar cells, for which a complete algorithm is proposed to segment back electrodes and check for defects
on them. Firstly, coarse and fine positions of electrodes are obtained using the edge intensity projec-
tion and template matching method. Secondly, the edge of electrodes is extracted by the threshold
method and seed growing method. Thirdly, an edge-to-region method is adopted to generate a closed
region with edge points. Finally, a method is designed to judge whether there are defects in electrodes

or not. To verify the performance of the proposed method, an experiment is carried out. From the ex-
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periment result, the proposed segmentation method for electrodes outperforms the four famous methods
implemented in the experiment.

Key words: machine vision; defect detection; image segmentation; solar cell

AP, KFHAEE —Fh Al AR, AR S R, ATRpEe A . RRAE . 3 TR0 ,
K FHAEHL AT LK K BH e Ak o ifig, RIHCR BHBE L A B AR K A st . (HJ2, KPHAEH iy A4
MR, AEA AR T B AR B AR R A S B A 0 R AR, 3K R BB S0 H b 1 AR
ARMIE ., B, —ANBEAR A 2 X T K B g f it AR =42 2 O 2 .

Ry 1 VR A 535K B A8 H v s R T S P B A R R R, R S AR, RE R T LA Y
kv . ZESCHERL 1], Rebhi & 8& T —Fh 3 T sy 38 ) MR T 8 22 i U s A U 33, H
JEWAT S AR DG T A5 R B o SCIRL 2 [958t 1 — i FH T 3o 94 470 A4 42 1) A 4 o R B R D 7 42 .
SEJAT o T AR SCHR L3 T g F PRI AR A Y BB . Dhimish 28 42 T — R & A6 A H R F “OR”
PR AT K FH 8 F Tt S S0 T Ik o SR, PR KAl A7 SO sl 5 4 1 S RO AN — R a1
TAE. SCHRLS IR AT OTSU Y J5 e ar T T A W H AR SRAS B MR 1 SR i e b, (BR324 Rkl ik B 5
AN F A ERG . SCERL7 BT Canny™ (%%, T T A5 0 BIER I ZUY) EEEG . 0 T e IROEIEANYY
P ), SCHRL 9 JoR FH B AR 7% 78 46 (discrete cosine transform, DCT) 85 #1550, HAoREFG . ZESCHRL 10,
FIG B Bl A1 2%, ARG 25328 1 ML (support vector machines , SVM) 4328 8% K FI W AN B2 R
ERE TR EI BbR . SCERL 11 5T B 09 2 0 R0 5L I 4l 2 g R R U A shar 1, Sk 12]
K S GRS RIE XA AE R A R i AR R TR BT T 038 LRk R 2 0251 X 288U ) Sk Ao
W, anfedar, mit. WIR . FLIASE 575 SR BRI EEGE . BR T BIEE4N, MLas e H R W 7455
FHAA, W SCERL 13 14920 T 3% LED SCHRRY 5L . 7R ARE, STk 14 1450 T Ay o3 %1 5 %
S ML) SRS BR LA R — i B RO s, Bl FHAO MR E R, M HHEATF G, XE
G Bk R, P BAT )2 I 21 S B ) s g sl v

T AN 28 R e 2 A R B IR T THRR AR, 56T 4 28 I 4% 19 5 vk R AT SR i AT MR KA HE R o Chen
SR PR B A B 22 X 4 L Ml 43 5 T BRF AR SE R TR o Dong 55 FH 4 45 B 2% (fully convolutional
network , FCN)""*' [ S #& A FRAE R YN ZRBEALAR AR A3 2885, BTG TN 28] 1 i 225 4 S 2 RGN e
TEA B2 RIE, SCERL 20 J 3 17 A 5 | AR A A 28 X 4ok IR Bkl A, SR [ 21 4o FH 4 R 3 5
)BT B B R A X 35, A SEBRA A, B XS RRRE AT 55 U 2 — A I 28 A R AT SR T I B A A2 L B
AN PEREASRRE ST

AR SCNBCRFEREPI AN 7 T 25 08, B0 T 25 58 B 1Y K PH R F Tt 75 T8 PRI P S 52 0 3810 0 1 o

ISR & RN

AT B T K FH Al L T T H R A A R R S A I e e T vk, R RLE S . K . g El, X
SR B A ARSI 5 AR 4, LR AR EI A 1R .
1.1 MELL

H TR B R RE LR, Sk 1 sl 20 A 3RS () RN 5 B AN 34 5T B8 S 052 ), 75 22 A 4 LR h
BRI . 5T IE R Z I R e A S T R A T v, LA S SR

WME2Ps, et B, —3G 540 Fmatk, LLotr ey X . fE3RASaE 7 e FIH B
J CanE 2 A B o KA TEAHE ), N — 2002 8 67 AR B S 917 R 6 HI A KA B . FRRgE,  F bl ] Bl A AR i
MIREEERR I . Ik, 1 Sobel B38BT a IRREE . 2 51Eh 6, MG, THE— DR —178051 1Y
FA (I3 S KME) , FOAEGEEL, B AR R —dE i iR WOk . AN, il
HEGE, e PR YR L, & c B X -, 25805 h M FiM..

LA M, R, SR O AR AR . R R AR R 3 R . B, AU 3B 2 mia
Mgk G M, MEERICHM,. TEER TS, HEREER, wXF M, LR R 10 & B SRAL 3 TR



162 ilReazE . (HARMERRD (P30 %6l &

buke il

B ARSOTIE R AR
Fig. 1  The flow chart of the proposed method

— FENL LRI
— ITREAL

L EEL]

-

B2 JRUA PR L RO E (0 45

Fig. 2 Initial image with coarse positioning result
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Fig. 3 Main variables in the coarse positioning method
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Fig. 4 Result of the fine positioning method
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Fig. 5 The segmentation results of different methods. The raw images, ground truth, and segmentation results

obtained by DCT-T, CED, DCT-SVM, FCN, and PM are shown from top to bottom
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Table 1  Evaluation metrics of two forms
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