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1. GIOI THIEU

Gan déay, su can thiét st dung mach in PCB véi d6 chinh x&c va mat do cao ngay
cang ting trong nhiéu linh vic cdng nghiép nham d&p (rng nhu cau thu nho va tich hop
cua céc thiét bi dién tir. Thdng thuong, mdy in PCB dang mang duoc sir dung trong viéc
in PCB. My in dang mang s& ¢b dinh PCB (duoc van chuyén bang bing tai voi céc vit
chin X,Y vakep), sau d6 tién hanh in PCB véi mang lya in chim tly theo miu. PCB
hoan chinh phai qua it nhat balan in. Bdi véi PCB thong thuong, d chinh xéc yéu cau la
0,2mm. Tuy nhién, véi PCB can do chinh xéc cao thi do chinh x&c yéu cau phai nho hon
20nm. Céc nguyén nhan |am giam dé chinh xéc caa PCB bao gdm: sai sb tich liy sinh ra
boi sir co gidn caa mang lua, su khéc nhau vé kich thuéc cua PCB, sy khac nhau vé vi tri
dinh vi trong hé théng kep, ... M2

Dé diéu khién chinh xéc vi tri cia PCB dung ky thuat xu 1y anh, ta phai cha y dén
nhi€u gay ra boi sy khdng on dinh ciia ngudn sang va gid tri do xam tly thuoc vao v tri
cua khung hinh bat anh. Vi vay, khéng nhirng can phan cing dang tin cay cho CCD
camera, ngudn sang va card hinh anh ma con phai phét trién céc thuat todn thoi gian thyc
dé dam bao viéc xéc dinh chinh xéc vi tri tam caa hai diém chuan trén PCB, nghia la phai
diéu chinh sai sb vi tri caa PCB bing cach diéu khién vi tri caicban méy X - Y - g trong
thoi gian thuc. Toc do xir Iy anh phai cao va theo dau vi tri véi d6 phan giai cao. Trong
truong hop diéu khién dong co véi yéu cau do chinh x&c dén mm, chi can sai léch 1 pixel
trén anh bét dugc ciing d& anh huong dang ké dén viéc diéu khién vi tri cac ban may
X -Y-q.Do do, thujt toan dé x&c dinh tam diém chuan can phai dat do chinh xéc cao
hon, bét chap sr khéng 6n dinh caa nguon séng ciing nhu su thay ddi kich thudc caa
diém chuan.

Thiét bi giong hang chinh xé&c bao gdm cac ban méy X - Y- q va ching dugc din
dong bang ba dong co budéc, diéu khién bai vi xt Iy Intel 80C196K C. B diéu khién nhan
tin hiéu tir bo diéu khién PC-based (bo diéu khién chinh) dé 1& cac dong co dich chuyén
céc ban méy X - Y- q theo sai sb vi tri diém chuan duoc tinh toédn tir qua trinh xu 1y
anh. Hai CCD camera véi nguon sang tia cuc tim duoc sir dung dé chup anh hai diém
chuan. Céc anh huong do ngu0n sang khong 6n dinh dugc giam thiéu khi dung ngu0n
sang tia cyc tim, nén ta co thé bo qua qué trinh loc tién xu ly anh. Tam cua hai dlem
chuan duogc xéc dinh biang phuong phép binh phuong nho nhat. Téng binh phuong sai s
gitta phuong trinh dwong tron tam (Xo, Yo) , ban kinh r vatoa do cia cac anh diém bién
(boundary pixel) trén hinh chup caa c&c diém chuan duoc chon 1am ham chuan.

Do chinh xéc ciia phuong phédp binh phuong nhé nhit duoc so sanh véi phuong phép
trung binh. Tinh hiéu qua cua bo diéu khién duoc kiém chirng théng qua viéc tng dung
vao mdy in PCB thuc té. Vi tri cac ban may X - Y- q cd thé diéu khién chinh xéc dén
2,5mm véi thoi gian xir ly khoang 1 giay.



2. CAU TAO MAY IN PCB DANG MANG

k ?.__....-- ‘;:_.- -. .:.: ’ ; . -.-f A
r "_ i " E: et .. / i "|" r|_||:||:||:|
:_ ..H__ /.: j_,r i ,,J ——= ¥ Slopper
I D ﬁ"’f[rfj:lbl ment part -f'}y-‘
\[ L ,Il/‘// ¥—%-08 table
'“n"slusn& \” -
Hinh 1. Ciu tao mdy in PCB dang mang Hinh 2. Ciu tao b phan diéu chinh vi tri PCB

Hinh 1 mé ta cAu tao méy in PCB dang mang gdom bén bo phan: bo phan diéu chinh
vi tri PCB, b phan van chuyén PCB, bo phan in PCB va bo phan xuit PCB. Bo phan
diéu chinh vi tri c6 nhiém vu diéu chinh chinh x&c vi tri PCB. Ké tiép, bo phan van
chuyén cé nhiém vu chuyén PCB sau khi d& vao ding vi tri dén bo phan in va chuyén
PCB da duogc in tir bo phan in dén bd phan xuit bang cac kep chan khéng. Bo phan in
thue hién cdng viéc in PCB. Bo phan xuat s3 chuyén PCB daduocinrangod.  Hinh 2
md ta ciu tao caa bd phan diéu chinh vi tri PCB, d6 1a cac ban méy X - Y - q . Céc ban
méy tinh tién X vaY duoc dat trén ban méy xoay ¢ . Badong co budc dugc sir dung dé
diéu khién cac ban may X - Y - g . Sau cam bién gi6i han duoc gén trén ba ban may dé
ngan ching khdng di chuyén qua mic giéi han nham bao vé ba dong co. Bo chinh xéc
theo cac phuong X, Y 1a2,5mm vaquay goc g 1a0,573mdeg. Bo phan giong hang duoc
dit trén cac ban may X - Y- g vadich chuyén ciing véi PCB trong sudt qua trinh diéu
chinh vi tri. Toan b phan co khi dugc cung cip bdi mot cong ty caa Nhat chuyén ché tao
ban may chinh xac.

Hé thdng xir Iy anh bao gdm: hai CCD camera duing dé bt tAm céc diém chuan, card
hinh anh (frame grapper card) va ngudn sang. Buong kinh c&c diém chuan trén PCB la
2mm. Kich thuéc cia anh bt dugc 1& 640x480 pixel. Néu st dung nguon sang halogen
thi do sy phan xa bi khuéch tan, ta khong thé xéac dinh chinh xéac cac diém Can thiét.
Trong bai bao nay, dé bat chinh xéc anh cua cac diém chuan bat chip sy khéng 6n dinh
cua nguon sang, chiing t6i str dung ngudn sang tia cuc tim. Do do, ta cd thé bo qua mot sb
thi tuc tién xtr 1y anh chang han nhu quatrinh loc.

Pé diéu chinh céc ban méy X - Y- q theo céc tin hiéu diéu khién tir két qua xu ly
anh, vi xu ly Intel 80C196KC duoc sir dung dé |&i cac dong co. Céc bod phan in, van
chuyén va xuét PCB dugc diéu khién bang PLC. Vi xu Iy nhan céc giatri sai sb va hudng
di chuyén theo mdi truc tir hé théng xtr Iy anh théng qua truyen thdng RS232 va chirc
nang HSO (High Speed Output). Sau d6, vi xt |y s& truyén sd xung va huéng di chuyén
twong ng voi khoang cach can di chuyén cho céc dong co budc. Bong thoi, qua cac
cong input, vi xur 1y nhan tin hiéu ta cac cam bién gigi han dit trén cac ban may vatruyen
céc 1énh thyuce thi téi PLC dé tién hanh toan bd quatrinh in. Toan bo dit liéu, théng sb caa
quatrinh diéu chinh vi tri vaquatrinh in PCB ¢ thé gidm sét trén may vi tinh.



3. THUAT TOAN PIEU KHIEN CHINH XAC VI TRi PCB

Hai diém chuan trén PCB duoc dung lam diém nhin cho qué trinh xir 1y anh dé tinh
toan cac sai so vi tri theo cac phuong trong hé toadd X - Y- g . Hinh 3 vahinh 4 mo ta
anh xam vaanh nhi phan caadiém chuan nhan dugc tir CCD camera.

Hinh 3. Anh xdm Hinh 4. Anh nhi phan

3.1 Thuat toan xéac dinh tam caa cac diém chuan trén PCB

Nhu d& dé cap ¢ trén, du chi sai léch 1 pixel trén anh bét duoc ciing anh huong déng
ké dén viéc diéu khién chinh x&c vi tri caa PCB, nén thuat toan dé xac dinh tam diém
chuan can phai dat do chinh xéc cao hon, bat chip s khéng 6n dinh caa ngudn sang ciing
nhu sy thay déi kich thudc caa diém chuan trén PCB. Bé xéc dinh chinh xéc tam diém
chuén, chiing tdi st dung phuong phép binh phuong nho nhét. !
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Hinh 5. Anh khéng nhiéu Hinh 6. Anh c6 nhiéu

Phuong trinh duong tron tam (xg, yp) , ban kinh r cé dang:

(x- %0)? +(y- yo)? =r?
(@h) 7 ’

Tong binh phuong sai o E gitra phuong trinh duong tron tam (xg, yo) , ban kinh r va
toadd caa cic anh diém bién (boundary pixd) trén anh bat duoc cuadiém chuan duoc chon
nhu sau:

E=§n1[(>s % (- o) - PP
(2

trong d6 n l1asd anh diém bién va (x,y;) latoado cia céc anh diém bién.



Piat z=x3 +yg - r?. Thé z véo phuong trinh (2), taduoc:

E=Q (X - 2%+ Y - 2y, +2)°
i=1
(3) 2 2 r r r
bé xéac dinh xg,yp va z sao cho tong binh phuong sai s6 E la nho nhat, tatien hanh

tinh c&c dao ham riéng phan theo cac bién sd ndy va cho chiing biang 0. Két qua nhan
duoc cac phuong trinh sau:

dE
d——2a(>ﬂ 2% % + Y7 - 2y Y, +2)(-2%) =0
Xy i=1
dE d
2a (2 - 2% % + Y2 - 2Y,Y, + 2)(-2y,) =0 (4)
dy, &
dE

dZ—Za(x 2% %+ ¥ - 2Y,Y, +2) =0

Sép xép lai c&c phuong trinh trén, ta giai dugc c&c giatri xg, Yo Va z tir hé phuong
trinh:
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3.2 Tinh toan sai sb vi tri

NGi chung, hé toa do tong quéat ciaban may X - Y - g vahé toado dia phuong trén
khung hinh cia méi CCD camera khong song song voi nhau. Khi ban may dich chuyen
theo phuong X , diém chuan c6 tung do bang 0 trong hé toa d6 dia phuong s3 di chuyén
t6i vi tri méi co tung do bang Dy, . Diéu ndy dan dén két qua giong hang khéng chinh

x&c. Dé tinh todn sy sai 1éch gittatoadd tong quét vatoads dia phuong, ta gia sir rang:
Vi tri caiahai CCD cameralach dinh trong hé toa do tong quét.
K hoang céch giita hai diém chuan trén PCB lahang sb.
Vi tri ciia céc ban mdy X - Y- q lacd dinh véi cac vi tri ban dau xéc dinh
bang cac cam bién giéi han.
Hinh 7, 8 va9 md ta so d6 hiéu chinh sai s6 vi tri cia PCB sau khi xéc dinh duoc tam
cac diem chuan bang cac CCD camera.
Cac ky hiéu sir dung trong cac hinh 7-9 nhu sau:
k : sdlugngcamera (k=1,2).
XOY : hétoado tong quét ciacécbanmay X -Y-q.
S« : tam mau chuan trén khung hinh camerathir k .
% S Yk - hé toado dia phuong gin véi khung hinh camerathtr k .

Oy : thm ciia hai diém chuan & vi tri ban dau trén khung hinh camerathir k .



Of  :vitricia Of saukhi xoay ban may q mot goc q .
o, :vi tri cua OkR sau khi tinh tién ban méy X mot khoang DX .

Dyy :tungd¢ cua O, trong hé toadd dia phuong x, S vy .

Hinh 7. Nguyén |y hiéu chinh ban du

DxY, Dyf : hoanh do vatung d6 OF trong hé toado dia phuong x, Sy Vi .
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Hinh 8. So d6 hiéu chinh sai s vi tri
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Hinh 9. So dd hiéu chinh sai s vi tri diém chuén trén man hinh camera 1

Thu tuc dé hiéu chinh nhu sau:

Bwéc 1: Diéu chinh hai CCD camera bang tay cho dén khi tam cia hai diem
chuan trung véi tdm cua hai diem mau S va S, la ha diém tam cia ha man
hinh CCD camera. Hai vi tri ndy duoc goi lahai vi tri tAm mau chuan.

Bwdc 2: Tir vi tri chuan, quay ban méy q mét goc twong ng véi sd xung A, tacod
Dy, DY (hinh 7).

Bwdc 3: Tir vj tri chuan, dich chuyén ban méy X tuong ng véi sd xung A, taco
Dx;, Dy; (hinh9).

Trén hinh 9, khoang cach a duogc tinh nhu theo cong thurc:

a=y(Dx)* +(Dy)* (6)



Khi PCB dugc dua vao cac ban méy X - Y - g, hai CCD camera s3 bat anh caa hai
diém chuan trén PCB. Khi d6, ta c6 dugc Of. Muc dich |a didu chinh cac ban may
X -Y-q saocho O] di chuyén déndiém miu S, theo ding thir tu (hinh 8).

S6 xung can thiét d¢é quay ban méay q duoc tinh nhu sau:
N = ADY * DY)

Dyf +Dy3

S6 xung can thiét dé dich chuyén ban méy X theo phuong X &

(xung) (7)

P= A% (xung) (8

Trongdo: DX = (cosF »)y(DxR)2 +(DyR)2  Véi F,=F - Fy; tgFlz%;
R
tgF :%.

S6 xung can thiét dé dich chuyén ban méy Y theo phuong Y &

Q= AD—aY (xung) (9)

vsi DY =[xV +(oy ) .

Hinh 10 mé ta so dd hiéu chinh sai sb vi tri trén man hinh camera 1. Trudc tién, ban
méy q quay mot goc q dé dich chuyén O] dén OF. Ké tiép, ban may X dich chuyén
theo phuong X mot doan DX dé di chuyén OF dén O] . Sau cuing, ban Y dich chuyén
theo phuong Y mot doan DY dé di chuyén O] déntam miu S;. Hinh 11 trinh by so d6
khéi qué trinh diéu khién chinh xé&c vi tri PCB cho méy in dang mang diing ky thuat xir ly
anh. Budc dinh chuan (calibration) dugc sir dung khi tien hanh in PCB ¢0 kich thudc khac

véi kich thugc PCB dain truge d6, nghialavi tri caahai diém chuin dathay doi so véi truge
dé.
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Hinh 10. C4c budéc hiéu chinh sai sochinh xéc vj tri PCB



Start

PCB Load
Yes No

calibration?
move camera to set X Y stage get fiducial
! . . . move X, Y axes
fiducial mark position mark image
calibrate translate X axis get fiducial calculate error send PCB to
camera for 100 pulses mark image of center print part
get fiducial get fiducial calculate error .
) ) rotate gaxis
mark image mark image of center

save error of
moving 100 pulses

calculate error
of center

L

rotate q axis
for 100 pulses

determine center
of fiducial mark

get fiducial
mark image

calculate error
of center

Hinh 11. So db khéi quatrinh diéu khién vi tri trén man hinh camera 1

save center of
fiducial mark

4. KET QUA THI NGHIEM

Dé kiém ching tinh hiéu qua cua phuong phép binh phuong nho nhat, ching toi sir
dung 20 anh khéc nhau nhan duoc tir CCD camera dé tinh toa dé tAm caa diém chuan va
téng sai sb sir dung ca hai phuong phép: phuong phép binh phuong nhé nhat va phuong
phép trung binh. Phuong phép trung binh dyatrén khai niém gia tri trung binh cia hoanh
do [% = (Xuin + X )/ 2] Va giatri trung binh caa tung do [Yo = (Yimin + Yia)/ 2] Cla tam
diém chuan. Trong tat ca céc truong hop, téng sai sb caa phuong phép binh phuong nhé
nhat déu nho hon téng sai sb caa phuong phép trung binh. Nhu vay, vi tri tam da dugc x&c
dinh chinh x&c hon khi ding phuong phép binh phuong nho nhat. Bé minh hoa, chiing toi sir
dung hai anh khéc nhau (hinh 3 va hinh 12) dé xéc dinh tam vatinh tong sai s6 dung hai
phuong phép ndi trén. Két qua cho trong bang 1 (trong hé toadd dia phuong).

Hinh 12. Anh xam Hinh 13. Anh nhi phan

Bang 1. Két qua so sanh hai phuong phép




X0 -10,5000 -3,5000

Trung binh Yo -13,5000 124,0000

r 137,5000 156,0000

Tong sai sb 102,8999 143,8860

Xo -10,0956 -1,7541

Binh phuong nho nhat Yo -14,2565 124,3453
r 138,4048 155,2275

Tong sai sb 11,5180 8,0854

Piém chudn 1

Piém chudn 2

Hinh 14. Mach in (PCB) Hinh 15. Médy in PCB dang mang

Hinh 16. Bo phan diéu khién chinh xéc vi tri PCB
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Hinh 17. Man hinh gidm sét trén may vi tinh

_Machin (PCB) thuc té nhu hinh 14. M&y in PCB dang mang nhu hinh 15 va b phan
diéu khién chinh xac vi tri PCB‘ dung CCD camera nhu hinh 16. Hinh 17 mé ta man hinh
giam sét trén may vi tinh khi diéu chinh vi tri PCB.

5.KET LUAN

Bai béo gigi thiéu mot hé thdng diéu khién chinh x&c vi tri PCB dung k¥ thuat xu |y
anh. Hai diém hinh tron trén PCB duoc dung 1am hai diém chuan cho quéa trinh xir 1y anh
nham xé&c dinh céc sai s vi tri va huéng di chuyén cia cac ban méy X - Y - q . Phuong
phép binh phuong nho nhét dugc sir dung dé xé&c dinh tam ciaa céc diém chuan trén PCB,
phuc vu cho viéc tinh cé&c sai sb vi tri PCB. Tinh hiéu qua caa bo diéu khién duoc kiém
ching théng qua viéc tng dung vao méy in PCB thuc té. Vi tri cicbanméy X - Y-q ¢
thé diéu khién chinh xé&c dén 2,5mm vaéi thoi gian xir 1y khoang 1 gidy.
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