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TOM TAT: Bai bdo gidi thiéu mét hé thong diéu khién chinh xdc vi tri board mach dién
tir PCB (Printing Circuit Board) cho mdy in dang mang dimg ky thudt xi ly anh. PCB dugc
diéu chinh chinh xdc vi tri béi cdc ban mdy X —Y —6. Cdc ban mdy nay dugc truyen dong
bang ba dpng co bube va bg diéu khién sir dung vi xir Iy Intel 80C196KC. Hai hinh trén nho
trén PCB la hai diém chudn cho quad trinh xir Iy anh dé xdc dinh. sai léch vi tri cua PCB theo
cdc phuong trong hé toa dé X —Y —6. Hai CCD camera v6i ngudn sdng tia cuc tim dugc sir
dung dé chup anh hai diém chudn. Tam cuia hai diém chudn dieoc xde dinh bang phuong phdp
binh phirong nhé nhat. Tinh hiéu qua ciia bg diéu khién dioc kiém chimg thong qua viéc img
dung vao mdy in PCB thuc 18. Vi tri cdc ban mdy X —Y —6 c6 thé diéu khién chinh xdc dén
2,5 1m véi thoi gian xir Iy cao (khoang 1 gidy).

1. GIOI THIEU

Gan day, su cAn thiét sir dung mach in PCB v6i d6 chinh xéc va méat do cao ngay cang tang
trong nhiéu linh vuc céng nghlep nhim dap (ng nhu ciu thu nho va tich hop ciia cac thiét bj
dién to. Thong thudng, may in PCB dang méng dugce sir dung trong viéc in PCB. M4y in dang
mang s& ¢6 dinh PCB (duoc vén chuyén bing bang tai voi cac vit chan X,Y va kep), sau do

tién hanh in PCB v&i mang lua in chim tly theo mau PCB hoan chinh phai qua it nhit ba lan

in. Bbi véi PCB thong thudng, dd chmh x4c yéu cau la 0,2mm. Tuy nhién, vdi PCB can do

chinh xé4c cao thi d§ chinh xdc yéu cAu phai nhé hon 20pm. Céc nguyén nhan lam giam do

chinh x4c cua PCB bao gbm: sai s6 tich luy sinh ra bdi su co gidn cua mang lua, su khac nhau
vé kich thuéc ciia PCB, su khéc nhau vé vi tri dinh vi trong hé théng kep, . (2]

Pé diéu khién chinh x4c vi tri cua PCB dung ky thudt xir ly anh, ta phaz chii y dén nhidu
gdy ra bdi su khong én dinh cua nguon sang va gia tri do xam tuy thudc vao vi tri cua khung
hinh bit anh. Vi vay, khong nhiing can phén cimg dang tin cdy cho CCD camera, ngudn sing
va card hinh dnh ma con phai phat trién céc thudt toan thoi gian thuc dé dam bao vigc xéac dinh
chinh x4c vi tri tdm cua hai diém chuén trén PCB, nghia 12 phai diéu chinh sai s6 vi tri cia PCB
bing cach didu khién vi tri c4c ban may X -Y -8 trong thoi gian thyc. Téc dd xir ly anh pha1
cao va theo ddu vi tri véi do phan giai cao. Trong trucmg hop diéu khién dong co véi ycu cau
dé chinh xac dén pm, chi cin sai léch 1 pixel trén anh bt dugc cling dé anh hudéng dang ké dén
v1ec diéu khién vi tri cac ban mdy X -Y-86. Do do thudt toan dé xéac dinh tam diém chuin
cin phai dat do chinh xé4c cao hon, bt chép su khong dn dinh ciia ngudn séng ciing nhu sy thay
ddi kich thudc cua diém chuén.

Thiét bi giéng hang chinh Xéc bao gdm cac ban mdy X -Y -6 va chung duogc din dong
bing ba dong co budc, didu khién boi vi xir ly Intel 80C196KC. BO diéu khién nhan tin hiéu tir
bo diéu khién PC-based (bd didu khién chinh) dé l4i cic dong co dich chuyén céc ban méy
X -Y -0 theo sai sb vi tri diém chuén duoc tinh toan tir qud trinh xir Iy anh. Hai CCD camera
véi ngudn sdng tia cuc tim dugc sir dung dé chup anh hai diém chuén. Cac anh hudng do ngudn
sang khong On dinh dugc giam thiéu khi dung nguon sdng tia cuc tim, nén ta co thé bo qua qua
trinh loc tién xir ly anh. TAm cua hai dlem chuén dugc x4c dinh bing phuong phip binh
phuong nho nhét. Téng binh phwong sai sé giita phuong trinh dudng tron tim (xg,y,), ban
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kinh » va toa d ctia cdc anh diém bién (boundary pixel) trén hinh chup cua céc diém chuin
duoc chon 1am ham chuén.

D6 chinh xéc cia phuong phap binh phuong nho nhét duoc so sanh véi phuong phép trung
binh. Tinh hiéu qua cia bd diéu khién duoc kiém ching théng qua viéc ng dung vao mdy in
PCB thyc té. Vi tri cc ban may X —¥ — @ c6 thé didu khién chinh x4c dén 2,5um véi thoi gian
xir ly khoang 1 giay.

2. CAU TAO MAY IN PCB DANG MANG
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Hinh 1. Cu tao mdy in PCB dang mang Hinh 2. C4u tao bd phén diéu chinh vi tri PCB

Hinh 1 m3 ta cu tao méy in PCB dang mang gdm bén bd phan: bo phan didu chinh vi tri
PCB, bd phan vén chuyén PCB, b6 phan in PCB va bd phan xuét PCB. B3 phan diéu chinh vi
tri ¢6 nhi¢m vy diéu chinh chinh xdc vj tri PCB. K& tiép, bo phan vén chuyén c6 nhiém vu
chuyén PCB sau khi da vao dung vi tri dén bo phan in va chuyén PCB d duoc in tir bd phén in
dén bo phan xuét bang cic kep chén khéng. B phan in thuc hién céng viéc in PCB. B6 phan
xut s& chuyén PCB di dugc in ra ngodi.  Hinh 2 mé ta cdu tao ctia bd phan diéu chinh vi tri
PCB, d6 la cdc ban mdy X —-Y —@. Céc ban mdy tinh tién X va ¥ duoc dét trén ban may xoay
6. Ba dong co budc dugc sir dung dé diéu khién cdc ban mdy X —Y —6. Séu cam bién gici
han dugc gin trén ba ban méy dé ngin chiing khéng di chuyén quéa mirc gi6i han nhim béao vé
ba dong co. D§ chinh xac theo céc phuong X, ¥ 13 2,5um va quay gdc € la 0,573mdeg. Bo
phén giéng hang dugc dat trén cac ban may X - ¥ —6 va dich chuyén cling v6i PCB trong sudt
qué trinh diéu chinh vi tri. Toan b phdn co khi duge cung clp bdi mot cong ty cia Nhit
chuyén ché tao ban may chinh x4c. :

Hé théng xir Iy anh bao gdm: hai CCD camera dung dé bét tim céc diém chuén, card hinh
anh (frame grapper card) va ngudn sang. Puong kinh céc didm chuén trén PCB 1a 2mm. Kich
thudc ciia anh bit dugc la 640x480 pixel. Néu sir dung ngudn sang halogen thi do su phén xa bj
khuéch tan, ta khong thé xéc dinh chinh xéc cac diém can thiét. Trong bai béo nay, dé bét chinh
xéc anh ciia cdc diém chuln bét chdp sy khong én dinh cia ngudn séng, ching t6i st dung
ngudn séng tia cyc tim. Do d6, ta c6 thé bé qua mot sb thi tuc tién xir Iy anh chéng han nhu
qua trinh lgc.

DE diéu chinh céc ban mdy X ¥ -@ theo céc tin higu diu khién tir két qua xir Iy anh, vi
xir ly Intel 80C196KC dugc sir dung dé I4i cac ddng co. Cac b phén in, van chuyén va xuit
PCB dugc diéu khién bang PLC. Vi xir Iy nhan cc gié trj sai s§ va huong di chuyén theo m3i
truc tir hé thong xir ly anh thong qua truyén thong RS232 va chiic ndng HSO (High Speed
Output). Sau d6, vi xir ly s& truyén s6 xung va huéng di chuyén tuong ing véi khoang c4ch cén
di chuyén cho cac dong co budc. Dong thoi, qua cac cbng input, vi Xt y nhén tin hiéu tir cac
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cam bién gidi han dét trén cac ban may va truyén céc 1énh thuc thi téi PLC dé tién hanh toan bd
qua trinh in. Toan bo dir lidu, thong s6 cta qué trinh didu chinh vi tri va qua trinh in PCB c¢6 thé
giam sat trén may vi tinh.

3. THUAT TOAN PIEU KHIEN CHINH XAC VI TRi PCB

Hai diém chudn trén PCB duoc dung lam diém nhin cho qué trinh xir 1y anh dé tinh toan
cac sai s vi tri theo cac phuong trong hé toa dd X -Y 6. Hinh 3 va hinh 4 m6 ta anh xam va
anh nhj phan cta diém chuén nhén ducrc tir CCD camera.

Hinh 3. Anh xdm Hinh 4. Anh nhj phan

3.1 Thuit todn xdc dinh tim ciia cic diém chuin trén PCB

Nhu da dé cap & trén, du chi sai léch 1 pixel trén anh bat dugc ciing anh hudng dang ké dén
viéc diéu khién chinh xéc vi tri cua PCB, nén thuat toan dé xdc dinh tam didm chuén can phai
dat do chinh xac cao hon, bat chap su khong & bn dinh ciia ngudn sang cting nhur sy thay ddi kich
thuéc cia diém chudn trén PCB. D& xac dinh chinh x4c tdm diém chuan, chiing téi sir dung
phuong phap binh phuong nhd nhit. ¥

o Yo X O &
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Hinh 5. Anh khéng nhiéu Hinh 6. Anh c6 nhiéu

Phuong trinh dudng tron tdm (xg, yg) , bdn kinh » c6 dang:

(x-x0)2 +(-yo)? =r? 1)

Tbng binh phuong sai sb E gitra phuong trinh dudng tron tdm (xg, yp) , ban kinh r va toa do
clia céc anh diém bién (boundary pixel) trén anh bit dugc cia diém chuén dugc chon nhu sau:

E= Z[ %)+, =y) -rT @)

trong do n 12 s anh diém bién va (x;,»;) 14 toa dd cua cc anh diém bién.

Dit z=x3 +y§ —r. Thé z vao phuong trinh (2), ta dugc:

Trang 25



Sclence & Technology Development, Vol 9, No.12 - 2006

E= Z(xrz —2x.%5+ sz =2y, + z)z (3)

i=l
Pé xac dinh x,y va z sao cho tdng binh phuong sai s5 E 1a nho nhét, ta tién hanh tinh céc

dao ham riéng phan theo c4c bién s6 nay va cho chiing bing 0. Két qua nhan dugc cac phuong
trinh sau:

c‘;_E =2) (x - 2x,xy+ ¥} - 2y,y, +2)(-2x,) =0
0 i=l

@ = ZZ(x =2x,%,+ Y} =29,y +2)(=2y,) =0 )
0 i=1

‘ %zzz(x?_zxr‘xo"'yiz_zyiyﬂ+Z)=0

i=l
Sép xép lai cac phuong trinh trén, ta giai du'oc céc glé tri xg,yg va z tir he phuong trinh:

4Zx, 4Zx,y, —ZZx 22:: +2ny,
i=l i=1

xo r::l

42”: X Vi 42 .}'iz _22 Yi{i ¥o:| = 22 J/, +22 xl Yi (5)
i=l i=1 i=1 i=1 i=1

—Zix, —Ziy, n i —Zn:xf-iyf

b i=1 i=1 i=1 i=l

3.2 Tinh toan sai sb vi tri
Noi chung, hé toa dd tdng quat ctia ban may X —Y -0 va hé toa do dia phuong trén khung
hinh ctia moi CCD camera khéng song song v6i nhau. Khi ban may dich chuyen theo phuong
X, diém chudn cé tung do bing 0 trong hé toa do dia phuong s& di chuyén t6i vi tri méi cé
tung do bing Ay, . Diéu nay dan dén két qua giéng hang khong chinh xéc. DE tinh toén su sai
l&ch giira toa d6 tdng quat va toa do dia phuong, ta gia sir ring:
e Vi tri cua hai CCD camera la c¢b dinh trong hé toa dd téng quat.
e Khoang cich giita hai diém chuin trén PCB 1 hing sb.
e Vi tri cia cdc ban may X —Y — @ 1a c6 dinh v6i céc vi tri ban d4u xac dinh bing cac
cam bién gidi han.
Hinh 7, 8 va 9 mo ta so dd hiéu chinh sai s6 vi tri cia PCB sau khi x4dc dinh dugc tam céc
diém chuan bang cac CCD camera.
Céc ky hiéu sir dung trong céc hinh 7-9 nhur sau:
o k :5sb luong camera (k=1,2).
e XOY :hétoadd tdng quat ciia cic banmay X -Y 6.
e 5 : tim mAu chuén trén khung hinh camera thit & .
® xS,y hé toa do dia phuong gén véi khung hinh camera thir & .
e O} :tAm cua hai diém chudn & vi tri ban ddu trén khung hinh camera thir & .
e OF :vitricia Of saukhixoay ban may 6 mot goc 6.
e OF :vitricia OF sau khi tinh tién ban my X mot khoang AX .
o Ayf : tung do cia 0, trong hé toa do dia phuong xSy .

o AxR, Ay®  :hoanh d vatung dd OF trong hé toa d dia phuong x; Sy yy .
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Hinh 9. So d hiéu chinh sai sb vi tri diém chuén trén man hinh camera |

Thu tuc dé hiéu chinh nhu sau:

e Buée 1: Didu chinh hai CCD camera bing tay cho dén khi tim cta hai diém chuén
tring v6i tdm cta hai diém mAu S; va S, Ia hai diém tdm cta hai man hinh CCD
camera. Hai vi tri nay duoc goi 12 hai vi tri tim mAu chuan.

e Buéc 2: Tir vi tri chudn, quay ban may 8 mdt géc tuong (ing v6i sb xung 4, tacé Ay,
A8 (hinh 7).

e Buc 3: Tir vi tri chuéin, dich chuyén ban mdy X twong tmg v&i s6 xung 4, ta cé Ax,
Ay, (hinh 9).

Trén hinh 9, khoang cach a dugc tinh nhur theo céng thirc:
2 2 ;i
a=y(8) +(&n) (6)

Khi PCB duge dua vao cc ban may X —Y —@, hai CCD camera s& bét anh cta hai diém
chuén trén PCB. Khi d6, ta c6 duoc Of . Muc dich 1a diéu chinh cdc ban méy X -Y -8 sao
cho O] di chuyén dén diém mau S, theo ding thi tu (hinh 8).

S6 xung cn thiét dé quay ban mdy 6 dugc tinh nhu sau:
N=d M +8y3

(xung) @)
af +ay§

S6 xung can thiét d& dich chuyén ban mdy X theo phuong X la:
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P= A% (xung) (8)

Trong d6: AX = (cos¢2)\/(Ale)2 +WiH? v @y = O-Dy; 12D, = %; 1gd= =4 %
1 1
S6 xung cin thiét dé dich chuyén ban mdy ¥ theo phuong ¥ la:

Q=A"“7Y (xung) ©)

vei AY =y(ax”f +(ay7 ) .

Hinh 10 mé ta so dd hiéu chinh sai s6 vi tri trén man hinh camera 1. Truéc tién, ban méay &
quay mdt goc @ dé dich chuyén O dén OF . Ké tiép, ban may X dich chuyén theo phuong X
mot doan AX dé di chuyén O dén O . Sau ciing, ban ¥ dich chuyén theo phuong ¥ mét
doan AY dé di chuyén O dén tim mAu S,. Hinh 11 trinh bay so dd khéi qué trinh diéu khién
chinh x4c vi tri PCB cho méy in dang mang ding k¥ thuét xir Iy anh. Budc dinh chuén (calibration)

duogc sir dung khi tién hanh in PCB c¢6 kich thude khéc véi kich thuée PCB da in trude do, nghia 1a
vi tri cuia hai diém chuén da thay doi so véi trudc do.

¥ W

b

a X

Hinh 10. Cac budc hiéu chinh sai séchinh xac vj tri PCB

PCB Load
l Yes calibration? Mo ]
move camera to set X Y stage get fiducial
fiducial mark position l I mark image fnove XiT.xan

l R v 5 l

calibrate translate X axis get fiducial calculate error send PCB to
camera for 100 pulses mark image of center print part

calculate error

get fiducial get fiducial
of center

mark image mark image

|

calculate error
of center

get fiducial
mark image

calculate error
of center

Hinh 11. So d6 khdi qu trinh didu khién vj tri trén man hinh camera 1

determine center
of fiducial mark

save error of
moving 100 pulses

rotate g axis
for 100 pulses

save center of
fiducial mark
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4. KET QUA THi NGHIEM

Pé kiém chimg tinh hiéu quéa cta phwong phép binh phuong nhé nhét, chung t01 str dung 20
anh khac nhau nhan dugc tir CCD camera dé tinh toa d6 tam cua diém chuén va tong sai s6 sit
dung ca hai phuong phéap: phuong phép binh phuong nho nhit va phuong phap trung binh.
Phuong phép trung binh dya trén khai niém gid tri trung binh cia hoanh do
[x, = (X, + Xma )/ 2] va gid tri trung binh cua tung d0 [y, = (Y + Yuax)/ 2] clia tdm diém

chuén. Trong tét ca cac trudong hop, tong sai sb cua phuong phép binh phuong nho nhét déu
nhé hon tdng sai sé ciia phuong phép trung binh. Nhu vay, vi tri tdm da duoc xdc dinh chinh xéac
hon khi ding phucmg phap binh phuong nhé nhét. Dé mmh hoa, ching t6i sir dung hai anh khac
nhau (hinh 3 va hinh 12) dé x4c dinh tam va tinh tdng sai s6 dung hai phuong phép noi trén.
Két qua cho trong bang 1 (trong hé toa d¢ dia phuong).

Hinh 12. Anh xam Hinh 13. Anh nhj phin

Béng 1. Két qua so sanh hai phuong phép

Phuong phap Hinh 4 Hinh 13
X0 -10,5000 -3,5000
Prung ok Y0 -13,5000 124,0000
N 137,5000 156,0000
Téng sai sb 102,8999 143,8860
X0 -10,0956 -1,7541
Binh phuong nho nhat Yo -14,2565 124,3453
r 138,4048 155,2275
Tbng sai s 11,5180 8,0854

Diém chudn 1

Diém chudn 2

Hinh 14. Mach in (PCB) Hinh 15. Mdy in PCB dang mang
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Hinh 17. Man hinh gidm st trén mdy vi tinh

Mach in (PCB) thuc té nhu hinh 14. May in PCB dang mang nhu hinh 15 va b phén diéu
khién chinh xéc vi tri PCB dung CCD camera nhu hinh 16. Hinh 17 mé ta man hinh gidm sét
trén mdy vi tinh khi diéu chinh vj tri PCB.

5. KET LUAN

Bai bdo gidi thiéu mot hé thong diéu khién chinh x4c vi tri PCB ding ky thuét xir ly anh.
Hai diém hinh trbn trén PCB dugc dung lam hai diém chudn cho qua trinh x& 1y anh nhim xéc
dinh céc sai s& vi tri va huéng di chuyén cua cac ban méy X -Y -6. Phuong phap binh
phu'ong nho nhét dugc sir dung dé xéc dinh tdm cua cic diém chuin trén PCB, phuc vu cho
viéc tinh céc sai s vi tri PCB. Tinh hieu qua cia bd diéu khién dugc kiém chlmg thong qua
viéc ung dung vao méy in PCB thyc té. Vi tri c4c ban may X —Y -8 c6 thé didu khién chinh
xac dén 2,5um véi thoi gian xur ly khoang 1 gidy.
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PRECISION POSITION CONTROL FOR PCB SCREEN PRINTER USING

IMAGE PROCESSING TECHNIQUE

Bui Trong Hieu'”, Kim Sang Bong®
(1) University of Technology, VNU-HCM
(2) Pukyong National University, Pusan, Korea

ABSTRACT: In this paper, a precise position control system of PCB (Printing Circuit
Board) screen printer using image processing technique is introduced. Two fiducial marks on
the PCB are used as the sensing points for the image processing lo recognize the position
errors in directions of X —Y -8 coordinates. The precise alignment device is composed of

A—L—

@ tables. These tables are controlled by three stepping motors which are driven by

80C196KC microprocessor based controller. Two CCD cameras with ultraviolet ray type of
light source are used to capture the image of two fiducial marks. The centers of the fiducial
marks are obtained by a least square error method. The effectiveness of this precise position
control system is proved through applying for a practical PCB screen printer. It realizes the
precision about 2.5um in position control of X —Y —@ tables, and the high speed processing
time about 1 second.
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