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PHAT HIEN KHUYET TAT TREN BANG MACH DIEN TU PCB

SU' DUNG DEEP LEARNING

IMPLEMENTATION OF DEFECT PCB DETECTION USING DEEP LEARNING

TOM TAT

Ki€m tra bang mach in (PCB) tir lau da trg thanh mdt budc quan trong trong
linh vuic san xudt dién t dé dam bao chdt lugng va do tin cdy cta san pham, cat
gidm chi phi san xuat va giam san lugng san xudt. Tuy nhién, do xu hudng thu
nho kich thudc linh kién dién t& [a mot trd ngai I6n va khd khac phuc nhat vi kich
thudc cuc ky nhd bé ctia ching. Do d6, bai béo nay, chiing toi dé xuat mot thuat
toan giam sat tu dong thoi gian thuc dugc dé xudt dé kiém sodt chat lugng PCB.
Thudt todn nay c6 thé phat hién nhiing I6i linh kién 6 kich thudc rdt nh tr Tmm
- 3 mm. Tinh hiéu qué cla thudt todn dé xuat dugc xac minh bang cach tién hanh
cac thi nghiém trén cac hinh anh PCB khac nhau va nd cho thay rang thudt toan
dé xuat phu hop dé kiém tra truc quan tu dong doi véi PCB.

Tirkhda: PB, phdt hién 16i PCB, hoc sdu.

ABSTRACT

Printed circuit board (PCB) testing has long been an important step in
electronics manufacturing to ensure product quality and reliability, cut
manufacturing costs, and reduce production output. However, due to reducing
the size of electronic components, it is a giant obstacle to detect defection on
surface of PCB because of their extremely small component size. Therefore, in
this study, we propose a proposed real-time automatic algorithm for PCB quality
control. This algorithm can detect tiny component errors with size from Tmm to
3mm. The effectiveness of the proposed algorithm is verified by conducting
experiments on different PCB images, and it shows that the proposed algorithm
is suitable for automated visual inspection of PCBs.

Keywords: P(B, detect P(B defect, deep learning.
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1. GIGI THIEU

Bang mach in (PCB) dong mét vai tro quan trong trong
hau hét cac thiét bi dién ti hién dai. PCB la thanh phan bat
budc cta bat ky thiét bi dién ti nao da dugc st dung trong
nhiéu linh vyc khac nhau, nhu nganh y té, nganh cong
nghiép, san xuat trong nudc,... ciing nhu Ung dung trong
cac nganh céng nghiép may, 6 t6, cdng nghé chiéu sang va
nhu thé. Trong qua kh, linh vuc kiém tra PCB nay da cé su
phat trién vugt bac. Théng thudng, phuong phap déi sanh
mau [1] dugc st dung dé phat hién cac khuyét tat trong
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PCB. M6t phuang phap khéac dé phat hién khuyét tat PCB Ia
OPENCV theo sau la phép tru hinh anh [2]. Tuy nhién, cach
ti€p can nay [2] sé bi anh hudng khi hinh anh c6 su thay déi
vé chiéu va hudng. Hon nira, cac thuat toan phat hién nay
[1, 2] bi gi6i han & mét loai 16i cu thé ciing nhu khéng thé
phat hién ra su thi€u sot cha cac thanh phan nhé hon hodc
tham chi mot s6 khuyét tat nho nhat dinh.

Hau hét cac phuong phap phat hién muc tiéu la chiét
xuat dat trung ké hop véi sliding window [3] d€ phat hién
va dinh vi. Bén canh d6 c6 rat nhiéu cac thuat toan c6 dién
hon nhu thuat todn HOG [4], thuat todn DPM [5],... Phuong
phap di theo dudng dan dugc mé ta trong [6] nham phat
hién cac khuyét tat thanh phan trong cac packages c6 mat
dod cao. Tuy nhién, né chi danh cho nhiing ngudi cé6 mang
lugi bong. Botero va cong su [7] cling dé xuat ky thuat dao
ngugc PCB sir dung chup cat 16p vi tinh tia X (CT). Tuy
nhién, khung CT tia X doi hoi mét budc cdu hinh ton thoi
gian dé udc tinh chinh xac cadc mat khac nhau cla cau tric
PCB.

Vi sy phét trién ctia cac ky thuat hoc sdu, mang na-ron
tich hgp sau (CNN) da vugt trdi hon han so véi hién dai
trong nhiéu nhiém vu nhan dang hinh anh. So véi cac
phuong phép phat hién khuyét tat PCB truyén théng, mang
na-ron tich tu sau nhanh hon, khéng c¢6 16i va chi phi phat
hién thap [8-12]. Trong nghién cu nay, chidng t6i dé xuat
phuong phap dugc thiét ké bang cach két hop chiét xuat
dac trung ORB [13], phuong phap d6i sanh Brute-force
[14,15], thuat todn RANSAC [16] va kién tric U-Net [17]. D&
biét thém chi tiét, cac tinh ndng PCB dugc truy xuat va két
hgp vai dir liéu mau dua trén tinh ndng ORB. Sau do, ty lé
khép dugc diéu chinh bang cach st dung phuang phap déi
sanh Brute-force. Ti€p theo, su bién d8i hinh hoc clia cac
hinh anh dau vao dugc gidi quyét bang cach hé trg thuat
toan RANSAC dé xac dinh vi tri cac vung bi 16i trén bé mat
PCB. Ti€p theo, mang ResNet-50 va MobileNetV2 dugc tich
hop véi hé théng diéu khién dé phat hién cac linh kién
thi€u hoac 16i va céc linh kién ngugc chiéu.

2. PHUONG PHAP NGHIEN CUU

Nhin chung, phuong phap ma chiing t6i dé xuat co ba
budc co ban. Budc dau tién la tién x{ ly. Giai doan th hai la
tim va tao 16i ROI trong PCB. O giai doan cudi, tat ca cac loai
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I6i ROI dugc tim thdy trong budc thi hai dugc phan loai Cac hinh anh dau ra dugc chuyén d8i thanh hinh anh
bang cach s dung thuat toan ResNet-50 va MobileNetV2. nhi phan dén cac khu vuc 16i sefment dugc goi la "dém
— mau". Tuy nhién, hién tugng nhiéu c6 thé anh hudng tiéu
Qm/;‘ ! cuc dén dé phan giai va chat lugng cta két qua, phuong
T l phap MO dugc sit dung. OPENING dugc xay dung dua trén
hai phuong thic tuan tu: Delation va Erotion.
AL e Do d9, ty lé tiéng 6n bi loai bd dugc giam bét bing cach
! | st dung ba loai kim ham véi cac thong so chi tiét ctia bolob
o nhu dugc chimg minh trong nhém bat binh dadng nhu sau:
Ashgoc Calibration iah Chuyéa dah ohi phin
l l l —— w.h > Thresh,,,
o st dung RESNET-50 W.
C“‘“*‘g;“n‘-’“’“"g Chiét xuit dic tnmg Diing OPENING loc —>Th reShsolid (6)
ORB whidu S
o w h
l l mm&cze:&am W > Thresh, e
I ) T o MobilenetV2 . ’
e WA Trong d6: w la chiéu rong ctia d6m mau
l h la chiéu cao ctia d6m mau
No s la khu vuc clla d6m mau
Quay énh si dyng SOROI=0?
LU Trong bai bdo nay, mang RESNET-50 nang cao dugc ap
l . dung vai 50 I6p. Nhu da dé cap & trén, cé hai mo hinh
/Tt;;' RESNET-50 dugc tich hgp trong hé théng dugc dé xuat. Mo
; A 4 hinh d4u tién dugc sir dung dé phan loai tén cla cac thanh
Hinh 1. Luu d6 thudt todn phan bi thiéu va mé hinh thi hai dugc st dung dé kiém tra

huéng cla cac thanh phan. Sy mat mat qua entropy dugc

Hién nay nhirng camera 16 kim gia ré dugc st dung rong biu thi bing:

rai. Nhugc diém cha nhiing camera gié ré nay la ching tao

N o 2 7, e ~ " N K P
ra nhiéu su bién fjang trong anh. Véi bién d?ng Xuyén tam, E(p)=->_>_> d,mlog(p,) (7)
nhung dudng thang clia doi tugng sé chuyén thanh dudng =t k=1
cong trong nh. Cang xa tam anh, bién dang cang Ion. Hau Trong dé: N, K va P 1an lugt Ia kich thudc mini-batch, s6
tién, cac bién dang duoc viét dudi dang cac ham toan hoc  |gp va s6 pixel; dy., la Mot vecto one-hot va d, = 2 khi k I
MO ta su sai léch vé vi clia cac pixel trong anh. mot nhan ding; p, 1a xac sudt udc tinh clia mé hinh cho céac
Vi radial distortion (bién dang xuyén tam) 16p.
X corrected = X (1 +kor? kot + k3r6) (1) 3-KETQUA
Nhin chung, nghién ctu t6i uu héa bai toan phat hién
Yeorrected = x(1+k1r2 +kort +k3r6) @) thua, thi€u linh kién phé bién trén mach in thdi gian thuc
B ) ) . o s dung tri tué nhan tao vao xt ly nh. Giao dién than thién
VGi rectangle distortion [1]: (bién dang hinh ch{r nhat) dua ra cac thong tin chi tiét vé tinh trang clia mach sau khi
X — 4| 20.xv + 02 (12 + 22 } 3) kiém tra. Hé théng hoat déng on dinh trong trudng hgop du
corrected [ Py pz( ) sang vdi do chinh xac véi mach ding tir 92% - 95%, véi
_ 2 2 mach sai ti 90 - 92% va trong trudng hgp thiéu sang thi do
Ycorrected = Y+[p‘ (r 2y )+2p2ny “ chinh xac gidam manh khoang 20 - 30%. Nang suat ctia hé
Trong dé: théng dat t6i da la 400 mach/gid.
Distortion coefficients = (k, k, p; p, k;) (hé s6  bién Ht{éng phat triép ti€p theo cua E\ghicf:n c{Iu la cz,}\i tflién
dang) hé théng camera dé thu dugc hinh anh 6n dinh nhat dé cé

] ] ) thé phat hién cac 16i c6 kich thudc nhd hon. BPong thdi, téi
_Budc tiép theo, hinh anh ket qua va mau PCB dugc thay 1y hoa chuong trinh gitip hé thdng van hanh nhanh hon va

d6i thanh khéng gian mau YUV déf giam anh huéng clla dé  nang c4p cdu hinh phan cing.

choi. Toan bd su khac biét cla méi kénh trong tap di liéu

YUV nay sé dugc tinh toan.

E=l.—T] (5)
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