qu Chi Khoa Hoc Gido Duc Ky Thudt Sé 35B (3/2016)
Trwong Dai Hoc Sw Pham Ky Thudt TP. Ho6 Chi Minh

HE THONG KIEM TRA LINH KIEN TREN BO MACH PIEN TU
SU DUNG CONG NGHE XU LY ANH
DEVELOPMENT OF A COMPUTER VISION SYSTEM
FOR ELECTRONIC PCB COMPONENT INSPECTION

Nguyén Viét Thing', Lé Thanh Tung? Mai Vin Nam?
L2Trwong Dai hoc Su pham Ky thudt TP. Ho Chi Minh
‘Cong ty TNHH Panasonic AVC Viét Nam

Ngay toa soan nhan bai 22/12/215, ngay phan bién dénh gia 06/01/2016, ngay chap nhéan déng 18/02/2016

TOM TAT

Quy trinh san xudt bo mach in dién tu, goi tit la PCB (Printed Circuit Bo), la mot quy
trinh phé bién, thuong doi héi rdt nhiéu img dung cong nghé cao. Trong do, viéc kiém tra mot
PCB voi day du linh kién la mot viéc lam kho khan voi nguoi lao dong do tinh chat doi héi su
tdp trung cao va bén bi cia cong nhan. Dé gidi quyét van dé nay, nhiéu gidi phdp da dwoe dé
xudt, trong dé cong nghé xir 1y anh néi 1én nhir mét phwong dn tot nhat véi cdc wu diém nhie toc
dé xir Iy nhanh va dé chinh xdc cao. Tuy nhién, gid thanh ciia cdc hé thong nay thwong khda cao.
Bai bdo nay trinh bay mét gidi phdp dé kiém tra nhitng linh kién bi thiéu trén cic PCB hodn
chinh. Theo d6, mét gidi thudt phit hop dwoc dé xudt cho camera gid thanh thap, cho phép xdy
dung mét quy trinh kiém tra cé tinh don gidan va kinh té hon.

Tir khéa: kiém tra quang; kiém tra bo mach in; linh kién thiéu; xir ly anh, camera gia
thanh thap.

ABSTRACT

The manufacturing process of Printed Circuit Board (PCB) nowsaday requires several
high-tech procedures. Among them, components inspection on PCB usually requires high at-
tention concentration and labor persistence. Solutions were suggested to solve this problem,
among which computer vision emerged as one of the most suited with high speed and precise
detection capacity, but usually high cost. This paper presents a solution to detect missing com-
ponents on PCB using low cost camera and an appropriate algorithm that meets the require-
ments of the producer.

Keywords: visual inspection, printed circuit board checking, missing component, image
processing, low cost camera.

1. PAT VAN DE

Cong nghé xtr Iy anh khong phai 1a mot  [6]- Trong ndi dung bai bao nay, nhom tac gia
cong nghé méi xuat hién trén thé gisi. O thap  tap trung vao viée xay dung giai thuat xir ly
nién 80, cong nghé nay da dugc tmg dung ¢¢  cung v6i mot mo hinh phéan cimg thich hop dé
kiém tra cdc mach in dién ta, kiém tra chip, kiém tra. .
chat luong bé mat vat liéu, thic an [1], [2]. 1.1 Cac phwong 4n thiét ké phan cing:
Tuy gap nhiéu han ché [3], nhung cong nghé Theo [7], viéc lua chon thiét bi cho hé
nay van dugc cai tién khong ngimg va su thng xtr Iy anh c6 nhiéu phwong an, bao gém:

dung ngay cang nhiéu trong cong nghiép [4]. - Sur dung 4nh sang thuong (4nh sng

Trong day chuyén san xuat cic bo mach dién ngudi nhin thay, ¢ budc séng tir 0,4 -
tur, cong ngh¢ nay dac biét to ra hiru ich trong 0,75 pm. Hé thong nay ding dé kiém
viéc kiém tra cac duong mach in [5] hay kiém tra nhitng 161 bé mat nhu kiém tra bo luc

tra bado dam linh kién trén bo khong bi bo sot chua gin linh kién, kiém tra méi han
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chi, kiém tra thiéu linh ki¢n [8].

- Dung tia X (X quang, c6 budc song tur
0,01 dén 10 nm (nanomet). Hé thong xir
Iy anh dang niy dugc dung dé thuc hién
nhttng phép do nhanh va chinh xac cho
nhitng bo nhiéu 16p [9].

- Dung siéu am: Bang cach phét ra dai
song si€éu am va nhan tin hi¢u phan hoi,
hé théng nay c6 thé phat hién 18i ¢ cac
méi han chi [10].

- Anh nhiét: Sir dung cong nghé laser
hodc 4nh sang hong ngoai, hé thong
duoc dung dé do cac diém sinh nhiét khi
bo mach dang hoat dong, kiém tra cac vi
tri ngan mach hodc qua nhiét [11].

1.2 Cac phwong an trong giai thuat xir ly:
Céc phuong phéap kiém tra chét luong
cua mot PCB dung moét camera thuong kha
da dang. Tuy nhién, c6 thé phan tich thanh hai
nhom phuong phép chinh hién nay la: phuong
phép c6 tham khao dit liéu anh mau va phuong
phap khong tham khdo dit liéu anh mau.

a/ Phwong phap co tham khao dir liéu

dnh méu:

PhlIO’l’lg phap nay yeu cau phai c6 mot
anh chuan (khong cod khuyet diém nao). Khi
tién hanh kiém tra, anh can kiém duoc dua vao
phan tich cing vé6i anh chuan. Phép trir anh
chuan vé6i anh kiém tra 13 mot phuong phap
pho bién duoc sir dung trong cic nghién ciru
[12]. Theo d6, anh kiém tra dugc can chinh lai
sao cho twong dong v6i anh chuan (do sai léch
khi chup anh). Sau d6, phép trir anh chuan véi
anh kiém tra dugc tién hanh va cho ra két qua
la 4nh am va anh duong. Nhiing anh nay lai
du’oc phan ngudng, nhi phén héa, loc nhiéu va
cubi ciing duoc danh gia, xép loai mirc khuyét
diém. Mot sb tac gia khac s dung thém céc
phép bién d6i nhu bién d6i Fourier [13] hay
Haar Wavelet [13] dé phan tich nhimng dic
trung khac nhau.

b/ Phwong phap khong tham khdao di

liéu anh méu:

Thay vi phuong phdp so sanh véi anh
chuan, phuong phap nay st dung mot bo céac
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quy tic thiét ké (c6 duoc khi thiét ké mach) dé
kiém tra bo mach, bao gdm nhirng tiéu chuan
vé kich thudc, vi tri, hudng cua linh kién, dé
tién hanh kiém tra trén anh thu dugc.

Ngoai ra, nhiéu nghién ctru ciing chi ra hiéu
qué cuia viée két hop ca 2 phuong phap trén,
nghia 1a str dung ca ban thiét ké va anh chuan
dé kiém tra bo mach [14], [15].

1.3 Luwa chon phuwong an

Trong pham vi nghién ctru nay, nhom
tac gla chi tap trung vao viéc giai quyet van
dé thiéu linh kién trén bo mach. Xét theo tiéu
chi kinh té, ciing nhu do linh hoat cta thiét bi,
thi phuong &n xur Iy 4nh dung camera thuong
(camera v6i cam bién c6 thé nhan dugc anh
sang trong ving nhin thay) 1a phu’O’ng an tot
nhat. Bén canh dé, nho sy phat trién cua khoa
hoc k¥ thuat, nhiing camera ngay nay c6 do
phan giai cao, thoi gian truyén nhan dir liéu
nhanh, gop phan t6i wu chat lugng va thoi gian
kiém tra trén ddy chuyén.

Vé giai thuat xur 1y, nhom tac gia chon
phuong an kiém tra c¢6 su tham khao dit liéu
anh mau. Nguyén nhan 14 vi trong thyc té, do
tinh chat bao mat, ban thiét ké chuan cia PCB
thuong khong dugc cong bd rong rii.

2. XAY DUNG GIAI THUAT NHAN
DANG PCB THIEU HAY PU LINH
KIEN
Giai thuat kiém tra cac linh kién trén

PCB duoc dé xuit xdy dung dua trén 2 pha:

Pha huén luyén va pha kiém tra. Pha huin

luyén chinh 13 qua trinh tao ngudn co so dit

liéu cho may tinh. Nguoc lai, pha kiém tra la
pha xu ly dir liéu méi dua trén co sé da co.

2.1 Pha huin luyén: Xiy dung co s& dir

liéu cho may phan biét bo mach dat

chuén va khong dat chuin

Qua trinh huén luyén 1a qua trinh tao co

s¢ dit liéu nham giup hé thong co thé phan

biét rd céc dic diém khac nhau gitra mot bo bi
16i thiéu linh kién va mot bo chuan. Qua trinh
nay thuc hién trudc khi bat dau cong doan
kiém tra. Do d6 khong yéu cau thoi gian xir
ly nhanh, nhung can sy chinh xé4c trong viéc
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phan biét bo mach 16i hay khong 16i. Qua trinh
thuc hién bao gom cac budc sau:

- Buwéc 1: Chup anh PCB 16i (khi chua co
linh kién nao) va PCB chuan (c6 day du
linh kién theo thiét ké) lam mau.

- Buéc 2: Chon ving can kiém tra. Vi
tri cac vung chinh la vi tri cdc linh
kién can kiém tra. Qua trinh chon nay
¢6 thé dugc thuc hién bé‘mg tay hoac tu
dong. Tuy nhién, qua trinh chon tuy dong
khong chinh xac do sai s6 co khi va
ciing khong 1am thay doi dén thoi gian
thue thi khi kiém tra. Vi vay, phuong an
chon bang tay, v6i uu diém 1a d6 linh
dong cao, duoc su dung.

- Bwére 3: Khir nhiéu so bd trén anh 16i
va anh chuan bang cach ap dung b loc
Gaussian 2 chiéu kich thude 5x5 1én anh.
B6 loc Gaussian 2 chiéu c6 tac dung lam
lam gidm nhiéu trong anh. Trong khong
gian 2 chiéu, ham phéan phdi Gaussian
G(x, y) dugc dinh nghia theo cong thirc
sau:

_X2_|_y2

1 e 202 (1)

2n62

G(x,y)=

v6i 6 1a phuong sai cua phan phoi.

- Buwoc 4: Luu trit dit liéu gom anh chuan,
anh 101, va cac thong so lién quan dén
vung can ki€m tra.

2.2 Phakiém tra: Kiém tra PCB duya trén

co' s¢ dir liéu di c6 tir pha huin luyén

Pha kiém tra 1a qué trinh nhan dang mot
bo mach méi duge dua vao hé théng dua trén
co s6 dir lidu da co. Pha kiém tra 14 qua trinh
can giam thiéu thot gian xur ly nham dap ing
yéu cau san Xuat nhung van dam béao chat
lugng theo yéu cau. Qua trinh nay duoc dé
xuét gdbm cac budc sau:

- Bwée 1: Anh PCB can kiém tra s& duogc
khtr nhidu bang cach dwa qua bd loc
Gaussian.

- Buwoc 2: Xac dinh lai vi tri cia bo mach.
Do nhiing sai s co khi (sai s6 ché tao,
sai s6 do dich chuyén bo...) nén bo cin
kiém tra co thé duoc dat khéng hoan

toan khop voéi lac dit bo chuén. Viée dit
bo khong dung vi tri co thé gay sai sd
khi nhan dang. Dé khic phuc, phuong
phap khép mau (template matching) voi
phép do hé sb twong quan (Correlation
Coefficient) dugc dung dé xac dinh lai
vi tri dang cua bo mach.

Pheép tinh hé scé twong quan cho phuong
phap khop mau dwoc dinh nghia nhu
sau:

Dy (TIX y) (X+X,y+Y))
\/nyT (x y

,I'(x+x',y+y')2 (2)
VOi:

I'(x+x"y+y)=I(x+x"y+y')- ZX ) (x+x"y+y")

T'(xy") =T(x,y")-1/( w.h .z ey TXY")

Trong do: T la anh bo chuan, I la anh
can kiém tra dwoc lay tw camera (xem

hinh 2)

Qua trinh do vi tri bo mach trén anh
kiém tra duoc xem nhu viée 1ap biéu do tuong
quan (correlation map) gitra anh cuia bo chuan
v6i anh kiém tra. Trén hinh 3, hai truc theo
phuong ngang 1 hai chiéu cua anh, trong khi
truc dung (truc z) 1a truc biéu thi do tuong
quan gilra bo chuén véi timg vung cua bo
kiém tra. Diém c6 gia tri cao nhat (twong Gmg
v6i hé sb twong quan 16n nhét) dirge xem 13 vi
tri ctia bo mach trong anh kiém tra.

- Bwéc 3: Mdi linh kién (d3 duoc chon
trong pha huén luyén) s& duoc tach roi
khéi anh PCB 16n va dua vao b0 so sanh
V061 co s6 dir liu géc (da duoc tao trong
pha hudn luyén). Phuong 4n so sanh
dugc chon la do d¢ twong quan gitra his-
togram ctia anh kiém tra véi histogram
cta anh chuan va dnh 16i.

Cach tinh histogram cua anh nhu sau:

Goi H la histogram cua anh T, thi H[i]

la s6 heong pixel c6 mirc xdm i trong

anh T.

Phép do do tuong quan cua histogram
dugc thuc hién theo cong thire sau:
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Y. (H (1) H)(H,()-H,)
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2.3 Luu do giai thuat tong quat
Giai phap kiém tra linh kién thiéu trén

\/ZI(Hl([)-E)ZZI(Hz(])_E)Z () bo mach dién tr bao gdm hai pha la pha huén

luyén va pha kiém tra nhu da trinh bay ¢ muc
1 va muyc 2. Luu db giai thuat cua pha huin
luyén va pha kiém tra dugc trinh bay tom tét
0 hinh 4.

Hinh 1. Xac dinh vi tri bo mach trong anh dau vao. Hinh trdi: Anh chuéan bo mach.
Hinh phai: Qua trinh do vi tri bo mach trén anh kiém tra.

Chuyp anh board 16

va board chuan

o

Khoanh ving
céan kiém tra

<

Luuiri‘rdl”r]iaj<}:

B0 loc Gaussian

|4
N

Diénh diu fnh
kién cén kiém tra

Hinh 3. Luu do gidi thudt kiém tra linh kién bi thiéu trén PCB. Hinh bén trdi: Luu do cua pha
huan luyén. Hinh bén phai: Luu do cua pha kiém tra
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3. MO HINH HE THONG VA KET

QUA THUC NGHIEM :

3.1 Mb hinh hé thong thwc nghiém:

Mo hinh thyc nghiém gdm mot camera
duoc dat ¢ vi tri phu hop, mot hé thdng chiéu
sang va chin anh sang gay nhidu tir bén ngoai.
Mo hinh ciing bao gdm mot khay d& ¢ thé di
chuyén duoc dé dwa bo mach ra vao.

3.2 Két qua thyc nghiém:

Nhom tac gia da thur nghiém véi chuong
trinh dugc chay trén may tinh c6 cau hinh CPU
Core 15, RAM 3GB, camera c6 do phan giai
1920 x 1080 pixels. PCB thuc nghiém duoc
chon la mot bo ¢o téng s6 linh kién can kiém
1a 48. Viéc thuc nghiém duoc tién hanh trén
5 bo mach c6 dﬁy du linh kién va 5 bo mach
khong c6 du linh kién.

Thong ké két qua thiee nghiém:

- Véi 5 bo mach ¢6 du 48 linh kién: Hé

thong bao 16i gia 2 1an nhu hinh 5. O

bo bao 16i gia thir nhat, nguyén nhan vi

linh kién nady c6 d¢ sang bong gidm hon

nhiéu so v6i linh kién chuan. O bo bio
16i gia thir 2, nguyén nhan 1a vi linh kién
bi sai 1éch vi tri so véi bo chuén. Do do,
hé théng kiém tra di nhan dinh rﬁng

truong hop nay thiéu linh kién (hinh 5).

- Vi 5 bo mach thiéu linh kién: Hé thong

luoén nhan dang dung 1a bo 16i. Vi mdi
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bo, hé thdng ciing chi ra ding vi tri ciing
nhu tén cua ting linh kién bj thiéu (hinh
6).
- Thoi gian xir ly: Thoi gian dé may tinh
nhan dir li€u tir camera la x?ip xi 0.1
gidy. Thoi gian xtr Iy dit liéu anh va dua
ra két qua kiém tra 1a xap xi 0.5 gidy.
Nhu vay, tong thoi gian xir Iy cho mdi
PCB dua vao la it hon 1 giay.
4. KET LUAN

Bai bdo md td mot gidi phap gitp giam
chi phi va thoi gian xtr 1y cho qué trinh nhan
dang va kiém tra viéc thiéu linh kién trén bo
mach. Két qua cta bai bao co thé ap dung vao
viéc phét trién hé thong nhan dang va kiém tra
céc 11 khac ctia bo mach dién tir, bao gdm cac
16i nhu kiém tra linh kién dan (v6i kich thude
rat nho, s6 lwong 16n nén khong thé dung mat
thuong dé kiém tra), kiém tra diém han chi
0 chan linh kién, d0 l1éch cua cac linh kién,
hay kiém tra cic duong mach trén PCB, v.v...
MO0 rong ra, két qua nay tao tién dé cho viée
phat trién cac ung dung xir 1y anh dé kiém
tra cac chi tiét, cic san pham 15i trong nhiing
day chuyén san xuit cong nghiép. Tuy nhién,
viéc cai tién hé thong chiéu sang va camera, di
kém véi viéc phat trién cac giai thuat tinh toan
chinh xéac va t6i wu, van can duoc nghién ctru
nhiéu hon dé dat hiéu qua cao hon trong qua
trinh kiém tra.

Dén chiéu sang

Hinh 4. M6 hinh hé thong thie nghiém. Hinh bén trdi: M6 hinh nhin tir bén ngodi. Hinh bén
phai: H¢ thong chieu sang va camera dwoc ga bén trong mo hinh.
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Hinh 5. Mot s6 két qua thue nghiém voi bo co du linh kién. Hinh giita: Bo

chudn. Hinh bén trdi: Bo kiém tra véi viéc béo 16i gid (tai vi tri 6 chit nhat

mau do) do linh kién da bi oxy héa va t6i mau. Hinh bén phdi: Bo kiém tra
Vi viéc bao 16 gia do linh kién bi sai vi tri.

chit nhdat mau xanh bao hiéu co linh kién o vi tri do. Cac 6 chir nhdt mau
do bao hiéu thiéu linh kién.
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