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NGHIEN CUU UNG DUNG MANG NEURAL NETWORK
CHO HE THONG KIEM TRALINH KIEN BIEN TU THOI GIAN THUC

A REAL-TIME SYSTEM FOR PCB AUTOMATED INSPECTION USING CONVOLUTIONAL NEURAL NETWORK

TOMTAT

Bai bao trinh bay viéc (ing dung cong nghé x{ Iy anh trong phén tich va kiém
tra linh kién dién t( trén mach in PCB trong mién thoi gian thuc. Trong bai bao
nay, md hinh mang no-ron tich chap CNN 53 I6p duoc st dung dé trich xuat dac
trung clia vat thé va dw doan mot vat thé trong mt tdm anh méi. M@ hinh thyc
nghiém duoc tich hop trén mt tram phan loai mach in PCB ¢6 ndng suat lam
viéc 120 san pham/gio. Qué trinh thir nghiém trong cac méi trang lam viée khac
nhau cho thdy hé thng c6 do chinh x4c Ién t6i 96%. Cac anh hudng nhiéu loan
khac nhau tir méi trrong ciing durgc xét dén dé danh gia hiéu qua cla hé thdng
nhu ché d6 sang, kich thuéc anhvanén.

Tir khéa: PCB, CNN, cong nghé xi¥ Iy anh, AOL.

ABSTRACT

The paper presents the application of image processing technology in
checking real-time electronic components on the Printed Circuit Board (PCB). The
convolutional neural network model is used to extract features and predict of
objects in a new image. The PCB system has a working capacity of 120
products/hour. From the experiment, it is certain that the proposed system has
an accuracy of up to 96% for PCB. The various noise effects from the environment
are considered to evaluate the effectiveness of the system such as brightness,
image size, and background.
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1.GIOI THIEU
Bang mach in hay bo mach in (PCB), déi khi goi tét la
mach in, la bang mach dién dung phwong phap in dé tao
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Nguyén Van Truong”, Nguyén Birc Linh

hinh cac duong mach dan dién va diém ndi linh kién trén
tdm nén céch dién [1]. Viéc 1&p rap bang mach in la céng
doan quan trong trong qua trinh ché tao bang mach dién
tlr. Trong qua trinh san xuat ban mach van con mot s
mach in PCB bi 16i sau khi gia cdng vi mot s6 nguyén nhan
nhu: linh kién dan léch vi tri, cAm sai chiéu, cdm sai linh
kién,... D€ dam bao chat lwvong cla san pham, cac ban
mach duoc kiém tra sau mbi cong doan gia cong hay lap
rap mach in. Trong dé, ngudi cdng nhan va ngudi kiém tra
phat hién ban mach 16i bang mat thudng & cac day chuyén
san xuét. Tuy nhién, viéc kiém tra bang mat thuong khéng
mang lai hiéu qua va nang suét cao. Ngay nay, cé nhiéu
phuong phép tién tién deoc nghién clru dé cai thién nang
sudt l&p rap mach dya trén cong nghé xi ly anh. Céng
nghé xt ly anh la mot linh vic thudc tri tué nhan tao hoat
dong theo nguyén tac trich xuét dic treng clia d6i tegng tir
dir liéu dau vao, tr d6 dva ra quyét dinh dlng/sai voi cac
di¥ liéu dau vao méi. Tich hgp cong nghé x& ly &nh vao cac
hé thong ki€ém tra linh kién dién t& mang lai hiéu qua cao,
lam tdng ndng suat va dam bao do chinh xéac.

Dua trén ky thuat xt ly anh, mét sd phwong phéap kinh
dién duoc (ng dung dé nhan dién doi tvgng nhu la haar
features [2], histogram of oriented gradients [3],... Haar
features dwoc dung dé phéat hién vat thé cé trong anh.
Histogram of oriented gradients dwgc dung phéat hién ving
vat thé co trong anh. Hai phuong phap nay dé ng dung
trong céc Iép ddi twvong don gidn. Tuy nhién, khi 'ng dung
vao viéc phat hién doi twong trén mach in PCB thi cé nhitng
han ché nhéat dinh nhu: khé phat hién vat néu tdm anh
chtra nhiéu vat thé phic tap va ving anh gan giéng nhau;
chuwa trich xudt duoc nhirng dac tring cu thé clia mot vat.

Trong ky nguyén céng nghé 4.0, cling vai si phat trién
clia khoa hoc va céng nghé, Iinh vic nghién clru chuyén
siu vé giai thuat, thuat toan nhan dién ciling dwoc phéat
trién theo. Trong dé, nhitng thanh tyu trong giai thuat hoc
may machine learning [4-8], gidi thuat hoc sau deep
learning [9-12] dwgc st dung phd bién trong cac ting dung:
mé& khod bang khudn mét, diém danh bang khudn mit,
nhan dién giong noi,.... Trén thé gi¢i da coé cac thanh tuu
vé cong nghé x& ly anh dé kiém tra linh kién dién t& trén
mach in PCB hay hé thdng kiém tra quang hoc ty déng AOI
[13, 14]. Hé thong lam viéc 6n dinh véi kich thudc linh kién
I6n hon 1mm. Tuy nhién, & Viét Nam cac nghién ctru nay
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van con han ché, dac biét Ia (’ng dung vao hé théng kiém
tra linh kién dién t.

Trong bai b&do nay, m6 hinh mang no-ron tich chdp CNN
53 l6p (Darknet-53) duoc st dung dé trich xuat déc trung
clia vat thé va dv doan mot vat thé trong mot tdm anh méi.
Hé théng thu vién anh do tac gia tu tao duoc dua vao huén
luyén trong md hinh mang CNN. Model tao ra duwgc sk
dung dé lam tin hién dau vao cho hé thong diéu khién
trong tram phan loai sdn pham. Cac céng cu hd trg nhu
OpenCV library [15], Python [16] dugc tich hgp trén hé
thong may tinh dé tinh toan va phan tich tin hiéu trwéc khi
truyén dén cho vi diéu khién. Hé thdng phan loai cho phép
lam viéc trong mién thoi gian thyc véi nang sudt 120
mach/gi¢. Cac yéu t6é anh hwéng khac khau tlr moi treong
dan t6i két qua khéng mong muén trong qua trinh x ly
anh nhu ché dd sang, kich thuéc anh va nén dwgc nghién
clru tinh toan dua trén thuc nghiém dé tim ra viing moi
treong phu hop nhat cho qué trinh xir ly anh. Két qua
nghién ctru dwoc kiEm nghiém dua trén thuc nghiém cho
thay két qua chinh xac |&n t&i 96% cho cac ban mach in.
2. MO HINH GIAI THUAT HOC SAU

Theo tai liéu [19], ki€n trdc mang no-ron tich chap CNN
(Darknet-53) dwoc str dung trong bai bao dugc mé ta nhw
hinh 1, bao gdm: mang co ban va céc |&p trich xuat théng
tin dv doan vat thé (extra layers). Trong d6, mang co ban
la cdc mang convolution lam nhiém vu trich xuat dac
trng. Extra layers dwoc ap dung dé phat hién vat thé dua
trén céac lién két dac trung clia vat thé (feature map).
Mang Darknet-53 c6 kich thuéc anh dau vao chi yéu la
418x418, 608x608. MOi mdt dau vao sé c mot thiét ké I6p
rieng phu hop véi hinh dang ctia &nh dau vao. Sau khi qua
céc 16p CNN, hinh dang ciia vat thé giam dan va cudi cling
thu dwgc mot feature map cé kich thuéce tuong déi nhé
duoc dung dé dy doan.

fully
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Hinh 1. So d kién tric mang Darknet-53 va extra layers [19]

Trong mo hinh mang no-ron tich chap CNN, dé tim cac
vling bao quanh vat thé trong anh (bounding box), thuét
toan can cac anchor boxes dé lam co s& cho viéc wéc lvong
tinh toan do6 sai Iéch. Nhitng anchor boxes nay dwoc xac
dinh trwdc va bao quanh vat thé tuong doi chinh xac. Trong
mang CNN, mdi vat thé trong hinh anh huén luyén duoc
phan bd vé mét cell trong feature map, c6 chita diém trung
tam clia vat thé. Tlr d6 cac anchor boxes bao quanh vt thé
do dwoc xac dinh. M6i mot vat thé trong hinh anh huan
luyén duwgc phan b vé anchor boxes. Trong tredng hop cé
hai anchor boxes trd 1&€n, anchor box dugc xac dinh khi co
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gia tri loU giao véi Ground truth bounding box la cao nhét.
Tuy nhién, thuat toan khong thé gan nhan khi treong hop
hai vat thé bi tring tdm nhv vi du dwgc néu trong hinh 2.
Tredng hop nay rat khé cd thé xay ra va day la diém han
ché duy nhét cta thuat toan.

Anchor box 1:

R

Hinh 2. Hai vt thé bi triing tm [19]

Pé t6i vu gia tri d liéu dau vao, nhan dién va dv doan
tén vat thé, CNN s dung ham méat mat loss. Theo tai liéu
[17], ham mat méat dugc chia lam hai phan: ham tinh toan
sai s6 kich thwéc va ham tinh toan phan phdi xéac suét phan
nhém. Trong d6, ham tinh toan sai s6 kich thuoc L4 tinh
toan do sai Iéch nhoé nhat gilta gia tri ban dau va gia tri du
doan. Ham tinh toan phan phdi xac suat phan nhém L,
tinh toan sai léch gita ca&c nhém di liéu trong khi huan
luyén mo hinh thuat toan. Muc dich la tra vé phan nhém du
doan ding cho vung chira vat thé.
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[()‘(i,)‘/i ),(v‘vi,ﬁi )J :Kich thudc ctia 6 dy doan;

1™ Ham chi dinh c6 gia tri [0, 1], xét xem & d6 c6 vat
hay khéng;

1% Cho biét tao ving thit j clia 6 thir i c6 chita vat thé
hay khéng;

C, :Biém tin cay cta 6 thir i;

C, : Diém dy doan;

c: Tap hop tat ca cac nhém;

pi(c): Ham x&c sudt cé diéu kién dé xac dinh 6 chiva d6i
twgng thudc nhém c;

P, (c): Ham x4c suét c6 diéu kién dv doan.

oord s Mnoop; - HANG SO diéu chinh ¢6 nhiém vu lam giam
gia tri cia ham mat mat.

Pé dv bao ving bao quanh clia mot vat thé duya trén
mot phép bién d6i tir anchor box va cell. Thuat toan dv
doéan céac bounding boxes sé tinh toan sao cho khéng léch
khai vi tri trung tam qua nhiéu. Vi du: modt anchor box nhw
hinh 7 c6 kich thudc (p,, pn), VO (C, ¢,) 1a kich thudc cla
mot 6 (cell). Moi bounding box du doan chira cac thdng s6:
(t, t,, t,, t;) va do chinh xéac. Cac thong s6 nay gilp xac dinh
bounding box dy doan c6 tam b(b,, b)) thong qua ham
sigmoid [12] va ham exponential nhu sau:

b, :G(tx)+cx 4)
b, =c(ty)+cy (5)
b, =p,, xe" (6)
b, =p, xe* (7)
’;‘
TN | I— P ..
e |IF b=oCtd+c,
Pz | b, ,_1 oct,) t b=o(t)D+c,
E octx) s b“=p“e‘-
. : b=p, e

Hinh 3. Udc lvgng bounding box tir anchor box [19]

Ngoai ra, do cac toa do da duoc hiéu chinh theo chiéu
rong va chiéu cao cla bic dnh nén lubn cé gia tri trong
ngudng [0, 1]. Do dé khi 4p dung ham sigmoid gilp gidi
han dugc toa dd khéng vugt qué xa cadc ngudng nay. Theo
hinh 3, hinh chi* nhat nét ditt bén ngoai la anchor box cé
kich thuoc la (p,, p). Toa do cila mot bounding box duoc
xac dinh dya trén dong thoi cd anchor box va cell ma né
thudc vé. biéu nay gilp kiém soat vi tri ciia bounding box
dy doan quanh vi tri ctia cell va bounding box ma khong
vugt qua xa ra bén ngoai gidi han nay.
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K§ thuat chon lva do thuat toan CNN dv bao cho ra rat
nhiéu bounding box bao quanh véat thé trong mot bic anh
nén ddi voi nhiing cell ¢é vi tri gan nhau, kha nang cac vung
giao nhau la rat cao. Trong trwong hop dé, gidi thuat non-
max suppression (NMS) dugc st dung dé giam bét s6 lugng
céc vung bao dugc sinh ra. Theo hinh 4, tir ba bounding box
ban dau cling bao quanh chiéc xe da giam xuéng con mot
bounding box sau khi str dung phwong phap NMS. Giai thuat
NMS duoc trinh bay ngén gon nhu sau:

- Buéc 1: Loc bd toan bd nhitng bounding box cé xac
sudt chira vat thé 16n hon mot ngudng, thwong 1a 0,5.

- Buwéc 2;: Boi véi cac bouding box giao nhau, NMS lya
chon ra mét bounding box cé xac xudt chira vat thé la Ion
nhat. Sau doé tinh toan chi s6 giao thoa loU véi céc
bounding box con lai. Néu cé bat ky box nao c¢é gia tri IOU
I&6n hon gia tri nguwdng thi loai box do.

Before non-max suppression After non-max suppression

Non-Max
Suppression

Hinh 4. Non-max suppression [18]
3. THIET KE HE THONG KIEM TRA LINH KIEN DIEN TU
3.1. Tinh toan vi tri dat camera

Khi camera chup hinh ddi twgng dé xt ly thi cé nhitng
vuing cdia hinh &nh ndm ngoai viing ma camera c6 thé xu
ly. Diéu nay lam anh huéng dén do chinh xac cla thuat
toan. Vi vay, can phai xac diph chinh xac vi tri dat camera
sao cho toan b hinh &nh nam trong ving ma camera co
thé xt ly duoc.

Vi tri dit camera

e | S I\ i tri dat vat
man anh cua A g )
may anh a\.~ =\ ‘ a

a
mm

Hinh 5. Vi tri dat camera

Khoang cach tir &ng kinh dén chip cam bién la tiéu cy clia
thau kinh. Tiéu cw cang ngan thi géc quét clia camera cang
I6n. Voi moi gia tri tiéu cu can dat camera & cac vi tri khac
nhau dé anh thu dwoc nam tron trong viing ma camera co
thé xr ly. Gia str voi camera c6 tiéu cir 4mm, goc quét o, ta
can xac dinh khoadng cach Y la khodng cach tir vi tri dat
camera dén vat. Nhu vay, can dat camera tai vi tri cach vat
mot khoang Y va vubng goc véi mit phang chiva vat.
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Y= %a. cota 8)

3.2. Hé thong kiém tra linh kién dién tl

DE kiém chirng két qua nghién ctru tir viéc phan tich x(
ly anh trong kiém tra linh kién dién tl thoi gian thyc, nhom
tac gia dé xuat mo hinh hé théng kiém tra linh kién dién ti
duoc thiét k& nhv hinh 6. Trong do6, hé théng truyén dong
(hinh 7) gdm hai dong co dién mét chiéu c6 giam t6c cling
v6i hé théng day dai rang, pulli truyén chuyén dong dén hé
thong bang tai lam nhiém vu di chuyén ban mach. Cum hé
thong tay hat ban mach duoc thiét ké nhw hinh 8. Hé thdng
diéu khién sir dung mach Arduino Mega 2560R3 dugc trinh
bay nhuw hinh 9 bao gébm module ngudn 24V-3A, module
diéu khién tdc dé déng co giam téc, module diéu khién téc
dd dong co budc, module relay 4 kénh 24V,

Hinh 8. Tay méy hut ban mach
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Hinh 9. H& thdng cAc thiét bi trong td dién

Hé théng camera va diéu chinh chiéu sang duoc trinh
bay nhuv hinh 10. Trong d6é khodng cach va cac 1ap dat
camera dugc trinh bay nhw trong muc 3.1. Hé théng kiém
tra linh kién dién t dwgc ché tao nhu hinh 11. Hé théng cé
khoi lwvong 20kg, nang sudt 120 mach/h, dé chinh xac 1én
dén 96%.

3

"f’_l‘; "‘ &7 a i
Hinh 10. Hé thng Camera va chiéu sang

Hinh 11. Hé thdng kiém tra linh kién dién ti hoan chinh
4. DANH GIA KET QUA THUC NGHIEM

Qua trinh xr ly anh dugc thyc hién trén CPU may tinh co
co vi xtr ly Core i7-3250M bd nhé RAM 4GB; sir dung camera
Aoni d6 phan giai 1080P; cung véi chip ATmega2560 c6 bo
nhé 256KB, SRAM 8KB, EEPROM 4KB c6 nhiém vu digu
khién tram phan loai bang mach (kich thuéc 12x16cm) va
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giao tiép v6i may tinh. Qua trinh huén luyén trong khodng
thoi gian 9 dén 10 tiéng, st dung GPU clia Google Colab
lam moi trvong huédn luyén. Trong dé, thong s6 ctia GPU
clia Google la Tesla 80k, v6i bd nhé RAM 12GB. 80 7

Trong qua trinh thyc nghiém, thoi gian xi ly anh st
dung ngén nglr Python trong mdi trwong Windown 10 cho
két qua xi ly trén mbi anh 0,4s, thoi gian thuc hién khoang 40

100 96 97

2 khung hinh/giay (2FPS). D& tim ra vung lam viéc hiéu qua 23

do anh hudng clia mdi truong, cac két qua thuc nghiém  * \ .

duoc trinh bay trong cac diéu kién khac nhau nhw ché do o . e

s&ng, nén va kich c& clia anh dau vao. EEN TRANG NGAU NHIEN
S6 lwvong anh st dung cho bd thi 1a 100 anh dugc chup Hinh 15. Biéu do anh hudng clia nén dén kha nang nhan dién

ngau nhién. K&t qua thr nghiém dwoc trinh bay nhu hinh
12-17. Trong d6, hinh 12, 13 trinh bay két qua dat dugc khi
xét dén anh huwong clia ché do sang. Hinh 14, 15 la két qua
trong diéu kién nén khac nhau. Hinh 16, 17 la két qua khi
xét dén anh hwdng clia kich thude anh. Nhu vay, trong diéu
kién d0 sang, nén mau trdng va kich thudc anh la
960x1280, dd chinh xac xt ly 1én t6i 96%. CO thé két luan
rang, hé thdng c6 kha ning tng dung thuc tién vao qua
trinh s&n xuét cong nghiép.

T
——

—
—conqgvayty

Hinh 12. Anh huéng clia 4nh sang dén kha ndng nhan dién: thiéu sang,
d0 sang
BIEU PO ANH HUOGNG CUA ANH SANG
97 = ;:,—‘ /
Hinh 16. Anh hudng clia kich thuéc anh dén khd ndng nhan dién:
1512x2016, 960x1280, 480x640

49 S1
BIEU PO ANH HUOGNG CUA KICH THUGC
; ANH mPASS mFAIl

THIEU SANG BU SANG

96 95
Hinh 13. Biéu do anh hudng ctia ché dd sang dén kha ndng nhén dié
19
4 5
| . g
1512x2016 960x1280 480x640

Hinh 17. Biéu do anh hudng ctia kich thudc anh dén kha nang nhan dién
5. KET LUAN

™ Bai b4o trng dung mé hinh mang no-ron tich chap CNN
: A { 53 16p dé trich xuat dac trwng trong ki€ém tra linh kién dién
Hinh 14. Anh huéng cla nén: nén den, nén trang, nén ngau nhién tlr trén mach in PCB. Hé thdng cho phép xi ly dong thoi
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nhiéu loai linh kién dién t&r khac nhau va trén céc loai mach
in PCB khac nhau. Két qua th* nghiém cho thay, hé théng
lam viéc véi do chinh xac 6n dinh 96% trong diéu kién du
sang, nén mau trang va kich thudc anh la 960x1280. C6 thé
két luan réng, hé théng c6 kha ning (ng dung thuc tién
vao qua trinh san xuét cong nghiép.
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