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Abstract

Aiming at the circuit defects caused by the manufacturing process problems of Flexible Printed
Circuits (FPCs), a FPC defect image repair model based on global and local feature fusion is pro-
posed. The model uses the Context Encoder (CE) as the framework, and com-pletes the basic re-
pair within the defect area of the FPC by referring to the context infor-mation around the defect
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area of the FPC; then, by analyzing the local information repair details of the defective part, the
conclusion is drawn that the receptive field is expanded, and the dilated convolution is used in-
stead of the original ordinary convolution to im-prove the ability to extract local information.
Then, we extracted global features from the entire FPC image, analyzed the prior information
structure of the FPC image that is more consistent with sparsity, and integrated this information
structure into the global feature extraction process to enhance the consistency and coherence of
global information. In this way, the extracted local information and global information are fused to
jointly guide the repair results to be more efficient. Finally, we conducted qualitative and quanti-
tative experiments using existing popular methods and the method in this paper, respectively, and
proved the effectiveness of the method in this chapter for large-scale defect repair from many as-
pects, meeting the requirements of repairing FPC image defects in actual industrial scenarios.
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RAIEENHI LR HAR, fAIFK FPC, DRI HSRHPCRFIEAL f 77 dh K Ty S 4 7 SHfi[1], Zeis K2 o
REARIRENS, MR AR R, H BRI T2 ORVE (2B S, BRI g A s . H
I A EEXT FPC I RIR 1 B AE N TANEIE B, AR, BORAG, CRER L TIZTR, A sk
MR IHE R R H AT R HAT, iR S 2 7 s e B R B 5 A T i AR S 7 2]
Jrike AEARGTTETTI, Bert S8 N[2PKRF EE 0 CRME B GETT R PR T ok kX, BLEZMERE
& Chan % N33R SINEBAE PR BB RS, ik TR HEEEL T BRI RRE.
Efros 25 A [415 B TR0 X I0RH B E S5z o FROAE A S ) BT X 8, 1 1 +h 2= R I SCER AR 77 . Wed 8 A
[SIRM T 2 2@ T B A s, 8> 1SR a) o A% G5 0 B B A AR AR BB FEAS AR (BLRE i
Hep M B T BUS /XIS A R (B o TR AR 3 B AN 58 1, A2 T R T AR SRR B i
WA R RCRIRALAE, HRRIARREE BN @ S AN Tt e A IR ST HoR 1Y
KIE, FETHRE MG B R SR MNIE A . RS SIT75T7H, Goodfellow 55 A[6]H2 Hi i) —F
M A 2 R AR TN A AR I 5 M SR, R TR S SRR T R eI R B P A AR LU vt (Y R 1
Yan S5 N [7]5 HAE B 7 E1 AT AR P52 X1 408 454 e PR TS S KU AR IR R 2, R iE R e DX gk
TR BRI AR A DX S3R o R FBE 25 30 757925 75 5 ERAR AT DS 1) 2 A PR B AT A2 SR A48 DX 3, EL 36 FPC
XM SERR TV SRR, ARG T AL BEANER, #h R EETL G A E TSR A, TR RE N T
Kb Tz S BB E TR, APL T SR R FER. T, £S5 EEHEK
JTEFER E, R HN TR Tl sbrdserh, Oy 72 SERR Tk 5t FPC SkEEE R IR, S 17 —Ff
BT 42 R JR BRI AR5 (¥ FPC ki R IB AR

2. FTXCmBSERIIERTE
2.1. YrtSEE R IEEEE TIE/RTE

DOI: 10.63313/CS.8003 34 THENUR) 4 2


http://creativecommons.org/licenses/by/4.0/

PNEERR. 2l fE

it as (encoder) T ZEINREZBMURMA B R IR GEF 51, FFRE IS R 4500 [ 52 IO IR 4 17
TR, EAFERMR AR AR RORE S, DET RSN ML AT AR, RSNl 5
MATT T RFEEREM R, BN REER, BREEGEEE, 3 8—MNEEHRENRERR, £
AR RRE T iR E R RIE . AR ETNE 1 PR.

ool e
Encoder
E %
Fi 5AM G T RPN B 2

Figure 1. Encoder structure diagram
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Figure 2. Decoder structure diagram
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Figure 3. A comparison of the structure of the connected data

3. EEERREEAIXT L E

Wk 3 P, 2 I8 2x2 KIRHIE B FEIT B AR 2 e 0 2x2>x2=8 > IR iR R, 584
MZITTILREHIAEZSH N 8 A, XFETHE N E 8x8=64 NS4 IR 2 HIEERE, UFHEH
2x2=4 NSRBI Ry 2 N IEIE 2 T SRR M 2T HEAT VLD, XA TR 5 2 8x4=32 N2,
KK 7 SR HE

3. ET 25 EEFHEMER FPC BREREEEREE
3.1. B{kEEH

BAEET 2R BRI AL A R RSB R 7 M 2R S5 U T 1 4 B EARKIARHA] CE 4
FEAT P2 G, AR s R A BT SO AR A B, BT A B R A R, e T 2 RE R LA,
RAMBE e 50 5 B PR ARSI TN &, 38 B R 2R S R KB R AR . 55,
FEF PRI B, 20 TR FH A ) g e A ol P55 B R AT I i s JR P ) i T 48 A I 0 )
AL . BARIT S, 4 Jm s R 2oy e R AR O HN 1 J A 31 6 R 28 S0Ks L 56 ) X 8 FEL )
/NGRS AR 4 R 2% R R B AR O R RS S 2 B, B BRI A
BEVRLE R . SRR R RS B2 /E BT ERA S, 8RB RSN FPC BE.

DOI: 10.63313/CS.8003 36 TR NUR 4R 2



PNEERR. 2l fE

SRR

TR RIS i
807 or 32

gl EEIEES

Figure 4. Network structure diagram of large-scale defect repair method based on global local feature fusion
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Figure 5. The process of compressive sensing for image restoration
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FERR KA TP, R w R RAISE, RS ER s (BT log ) -
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OB A, AT T LA N K B 7 A O B 3 B 8
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Figure 6. Schematic diagram of sensory characteristics of the sensory field
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—HREEAEA R B O R T BB SRR A D TR ERIGEE S, JUHR LR XIS ECR B 2
HAEN, BIERREN A XY RIEZEF, BN 4% A R ok I 8 70 5 BUR BAR O 25k — 2dk
B, AR KEAR AR DRI, TR G AR RENS I 2% 2" 58 22 10 Ja Bl DX I, AT A B A 3
B BRIBRER. [N, RGBSR R R B RGO, e 1A a6 g
IS 2 R B U RS Bt R v 5 4 4H

B4, FIRBRIERWEEE SN M AR (dilation rate) K2 REZREZE, H13M%
FEAR AR AR REME AR RISC B A BRSO B o 00 T AR B AL 35 45 ARV BBl S5 M i R I B AR 55 0N
HE, BFONEREH A AEAN R R R LR B R AT M R 8 R SR THE R ACR s 4 AN
B, T 7 szl AR B .

(a) (b)

Figure 7. Schematic diagram of a dilated convolution

E 7. =REREREE

SR, ARG EE R OSUE T E R S A R PR CUE R LR BSR4,
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PRI Z 0 B R UE R, IREIBEE RN . R R AL FORTE 6k K B A SR IE I
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4. SEWERE 5

I EERATE S 1000 5K 4975%4975 () FPC 8 AL AR FR AN A R SF U1 B3 20000 5KA7
R8P SRS AEZY (iZ A PR o 9 T BN 1 3 5 ME AT B Tk s i S, BUIE 5% ek AR
BEALHTZR, 4EAR AT 20000 5K BB FEIAT TRENLE . FLiZBE 4R B Wi 1 ORE AR B 11
BB, EATRANA—, A B AT E X 2k B bS5 e gt ht, Bk B IR EHE R 1000 5K
B IR EE SRS EAN TR, 3070 PR A 2R 5 XA B 2 e 75 s, BT U381 1 RO AAN B — Ak 7
BRI, AP SR Tl 55 b el T 22 BB D T Je RS KRS 7 22 42 0 W I R, 3 2 S B Tk g s rp (9 AR
WL, MIUEEA WIS R IR BIE R, KEdRESE 48 FPC-DET. [FIFEH, K ab sl 5 i 8ds
8, IR 9:1 L BIBENLRI 2 NI 2B ieibds, RIVIZRAE 5 18000 Tk MG, IRIEAE AL S 2000 7KK .

SEIG AT Windows10 $:1E R 48, S5 # 45 N NVIDIA GeForce RTX 3060 GPU, e A He
opencv-python 5E i, IR 2% I HESEN Pytorch 2.1.0, CUDA JiRANA 12.1, {HH python3.10 15 5 17 4mfE -
BHARKINZR R R 1 iR

Table 1. Training parameters

= 1. &S

Parameter FPC-DET
Epochs 5000
Batch_size 64
workers 8
input_size 256%256
Ir 0.0002
optimizer Adam
H T BB EAR S5 A [ € R PR R PP A R RCR IR, Ragil i NIRRFAME B AR I IFIR,

BT AFRANT 5 2% FPC KR SRS AT 55 (0 45 AT VP4l B R RO AT — e i b . %
TH WAL A 5 AR ST HH (25 T4 JR) R S AR AR R 90 KRB e | A AE BRATT B AT HIE ) FPC %4
4 FPC-DET ##ade LilbA7s85s, kA RIS BIR BT, P 5 BHR B LU 73 70 78 0.2-0.3
0.3-0.4 2 [i], FHEMEY FPC #4E4E FPC-DET 454, AEME MR R EE FPC 4R BUR, &AL
JE5 AT CE M4, Edge Connect P25 3EAT RCR BIXT LG, T8I = Fh 5 1L B0 LB B A SR A KRE
FPC 0 HME E AR

BABERCR W T E 8 Frn, M AR X8 FPC BRI LLBILE 0.2-0.3 Z[A]Rf, =Fp7520%
BIARZER, 22 EH NREVERARAE . 10 S B R HE X 38 5 FPC BUR 1 ELBIFE 0.3-0.4 2 [H]
B, Wi 9 FioR, FEBEE SR XS AR K, = FOmE AR Z R, ARSI A ik S
HoK. CE MZEAI7E FPC-DET IR HIL T ZRBR 4500 R B, 15 5 2R IVR % 1) n) @, Edge Connect M
ERUAE CE ML IEAL -, AP BO TIEE, S S g rns, mikEhsha S BEa
SR G e, BAREL CE MERIAE T —@Mitm, HREMIBERIRNIATRE, a4
BERK, BRI ST S S BRI, A ST 4R R R A R s is =
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Figure 8. The proportion of the damaged rectangular mask area to the FPC image is between 0.2-0.3
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(a) RIREE (b) FIEE & (c) CE (d) Edge Connect (OF S @b

Figure 9. The proportion of the damaged rectangular mask area to the FPC image is between 0.3-0.4
B 9. FEIRFEREARX IS s FPC BIRBLLBIZE 0.3-0.4 Z /8]

N T B PIRUE AR SR R, A SR PP G 0T B WA (S e b (PSNRD AN M AR{BLRE
(SSIM) DL S AR MR (ECP) FIFEZEXHERZE (MAE) DU EMGAE ST BURVEAN R AR R X A ST F
P47 B BT . 2 ¥ CE 4% . Edge Connect W48 AR S AT Y (135 T 42 3 3 B4 AL ji 5
(R REE SRS 5 M 25 £ FPC-DET #¥a4E Hit T8 S 45 RAXTLL,  [RIREE A [F) RS i KRR A,
B o5 BUR B LU 43 Al #E 0.2-0.3 0.3-0.4 2 [A], W44 S FPC #dls 4 FPC-DET 456, AERC& A RIK
JE FPC AR S, o0l 5 ESCHR I DU Rl BB B AR PPN 4R bR, XTHLIE SRR 2R, WK 2
Fii7Re

Table 2. Quantitative comparison of different models with different mask ratios on FPC-DET

% 2. TE#ERE FPC-DET A RISBELEEXTEL

N7 o e Sl ﬁﬁg]$

s e 02-0.3 03-0.4
CE 26.55 23.33

PSNR (db) Edge Connect 27.83 24.12
Ours 27.94 27.15

CE 0.78 0.42

SSIM Edge Connect 0.81 0.69

Ours 0.83 0.81

CE 0.09 0.25

ECP Edge Connect 0.09 0.23

Ours 0.08 0.09

CE 0.09 0.24

MAE Edge Connect 0.08 0.21
Ours 0.07 0.09

gr Lk, MWEEDMIINMERE, AT KT 25 5 B RHIE R & IR RERHR B 2535, M
BT CE M4 Edge Connect %, EBRFIRE. tHEMCEMEBRIESET R U BRI, JoHE
£ FPC K RUEMS B R A, BATRME 2 NMEIER SR &, 5022k Sl (10 4 R e ik A ol A T
FRITFRERFAEAA, A JRRHIE R AR RV A RFAESE 30, W AR BRI R BB A — MR AT R AR T, X
JE R AER A KR S2 B ) T BUE IR A 2, R &R AR AR ERL &, L FR S A s A2
WA DRI, Tl 72 FPC MR AE R R SAGI, EREHI I 4070 2 SRR 2% (14 7]
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