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Tém tit - Trong bai bao ndy nhom tac gia dé xudt giai phap dé
nang cip day chuyén han day cho san phim anten Midrange trén
xe 0 t0 ¢ nha may Premo Vi¢t Nam, trong do, cong doan kiém tra
chét lugng mdi han bang phuong phap thii cong s& dugc thay thé
hoén toan bang phwong phap kiém tra tyr dong dya trén ky thuat xir
ly anh. Trudc tién, viéc thiét ké két cdu co khi, lya chon thiét bi cho
hé théng dugc trinh bay. Tiép do, thuat toan xtr Iy anh dé kiém tra
chit luong méi han ding phan mém NI Vision Builder s& duoc dé
xuét. Bén canh d6, mot giao dién nguoi dung trén may tinh thuan
tién cho viée giam sat, thong ké ciing dugc xay dung. Hé thong sau
khi phét trién di duoc tich hop vao diy chuyén san xuat hién tai.
Két qua van hanh cho théy hé théng hoat dong dn dinh, chét luong
méi han duge kiém tra va phan loai chinh xac, thoi gian kiém tra
dugc rat ngén chi con bing 1/8 so vai trudc day.

Tir khoéa - Kiém tra mdi han; xit Iy anh; NI Vision Builder

1. Dt van d@é

Tu dong hoa qua trinh san xuit dong vai tro quan trong
trong viéc nang cao nang suat lao dong, tao ra san pham c6
chat luong cao, cai thién diéu kién lam viéc cua cong nhan
va dac biét nd la yeu t6 co ban dé t6i wu hoa cong nghé
thong tin va chuyén ddi sé. Hién nay, voi su phat trién cua
khoa hoc cong nghé, su doi hoi cia viée phat trién bén viing
va su canh tranh gay gét cua thi trudng, cong nghé tu dong
hoa di duge nhiéu doanh nghiép dau tw dua vao tng dung
trong san xuét, kinh doanh. Tuy nhién, mic do ty dong hoa
van chua dat duge 100%, trong mot $6 cong doan cua day
chuyén san xuét, cac tic vu van dang duoc thyc hién mot
cach thu cong. Do do, viéc nang cap hé thong dé dat murc
d6 tur dong hoa hoan toan 1a yéu cau cép thiét.

Hién nay, & nha may Premo Viét Nam, mot trong nhiing
quy trinh cong nghé cin duoc tw dong hoa hoan toan do 1a
day chuyén han day cho san pham anten Midrange trén xe &
t6 (Hinh 1). Quy trinh han day gdm cac cong doan nhu sau:

- Cong doan 1: San pham sau khi dugc quin day s&
duoc dua 1én bang tai dau vao dé chuyén dén tram dinh vi.

- Cong doan 2: Canh tay robot s& gip san phdm dén cac
khay (cavity) dugc gan trén mam xoay.

- Cong doan 3: Mam xoay chuyén san phim dén bé
nhya thong dé nhing nhya thong vao cac tai ciia san phim

- Cong doan 4: San ph?im sau do6 duoc chuyén dén tram
gia nhiét dé gia nhiét ¢ nhiét d6 khoang 130°C.

Abstract - In this paper, we propose a solution to upgrade the
soldering line for antenna Midrange products on cars at the Premo
Vietnam factory, in which, the manual solder joint quality
inspection task will be completely replaced by an automated
inspection system incooperating with an image processing
technique. First, the mechanical structure design and equipment
selection for the system are presented. Next, the image processing
algorithm for solder joint quality inspection using NI Vision
Builder software was proposed. In addition, a convenient user
interface (Ul) for monitoring and statistics is developed. The
designed system has been integrated into the current product line.
The experimental results show that the system operates stably, the
solder joint quality is inspected and classified accurately, and the
inspection time is shortened to only 1/8 compared to before.
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- Cong doan 5: Sau khi gia nhiét, san phém duoc dua
dén tram nhung thiéc

- Cong doan 6:‘ Két th}'lc cong doan han, san phém duoc
dua 1€n bang tai dau ra dé di chuyén san pham dén khu vuce
ki€m tra chat lwgng moi han

- Cong doan 7: Kiém tra c’hét lugng méj han va phén
loai san pham (moi han dat chat lwong va moi han 161)
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Hinh 1. San pham han ddy

Toan b thiét bi va cic cong doan cia quy trinh quy
trinh han day san pham hién tai & nha may dugc mo ta nhu
trong Hinh 2. Hién nay, cac cong doan tur 1-6 dugc thuc
hién ty dong hoan toan béng may moc, riéng cong doan 7
- ngoai quan moi han van dang thyc hién thi cong. Mdi
ngiy can c6 02 cong nhan luan phién lam viée cho cong
doan nay. Cong nhan s€ phai quan sat mdi han va danh gia
vé chat luong cua mdi han. Theo quy dinh cta nha san Xuat,
san pham c6 mdi han dat yéu cau thi phai dam bao d6 phu
thiéc dat it nhat 2,5 vong day dong & mdi bén tai (mdi tai
dugc quin 3 vong ddy). Hinh 3 minh hoa san phim c6 m01
han dat yéu cau va san pham ¢6 mdi han khong dat yéu cau.
Viéc kiém tra chat lugng mbi han thu cong nay di dan dén
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mot sé nhuge diém nhu ton thém nguén nhén luc, ton thoi
gian, do anh huong ciia yéu té moi thi lyc nén dan dén sai
sot va khong dong nhat trong qua trinh nhén dién 15i san
pham. Pic biét, khi nhu cau san xudt tang 1én, c6 thé xay
ra tinh trang ton dong san pham trong qua trinh kiém tra,
dleu nay s& anh huong dén hidu suat cua cia cac cong doan
tiép theo trong day chuyén san xuét.

™ A . 18 S, ..
| Be nhya thong
Hinh 2. Cum {hiét bi va cdc cong doan cia qud trinh han day
san pham hién nay tai nha may Premo Viét Nam

Hinh 3. San phcfm cé méi han dat yéu cci:u (trdi) va sin pham c6
moi han khong dat yéu cau (phdai)

Hién nay, c6 rat nhiéu phuong phéap di dugc dé xuat dé
phat hién 16i mbi han, d6i v6i cac mbi han thép thi phuong
phap phd bién 14 sir dung k¥ thuat tia X [1] hodc két hop
Vi cac thudt toan va xir 1y hinh anh tién tién nhu mang no
ron tich chép (CNN) [2] hay mang no ron nhén tao (ANN)
[3]. Trong nganh coéng nghiép dién tir, viéc kiém tra chat
luong moi han trén cac bo mach in (PCB) da tr¢ thanh cép
thiét, rat nhiéu phuong phap kiém tra, phan loai mdi han
dya trén k¥ thudt xit Iy anh ciing da dwoc dé xuét [4-6]. D&
thu dwoc hinh anh t5t vé mdi han giup cho qua trinh xtr ly,
phat hién 16i dugc chinh xac hon thi viéc thiét ké hé thong

chiéu sang cho qué trinh chyp anh ciing dugc nghién ctu
va dé xuit, mot sé phuong phap chiéu sang co thé ké dén
do 1a sir dung dén huynh quang [7], phuong phap chiéu
sang theo tang mau [8], hay su dung cac vong LED [9].
Bén canh d6, véi su hd trg ciia mot sb phan mém chuyén
dung nhu Labview, NI Vision Builder, viéc phat trién cac
hé théng ty dong Kiém tra 13i ¢ su hd trg ciia may tinh da
tré nén thuan tién, d& dang ap dung trong thuc tién [10].
Trong bai bao nay, nhom tac gia de Xuét giai phap dé cai
tién cong doan kiém tra chit luong rn01 han bang cong ngh¢
xtr Iy anh. Bén canh viéc thiét ké két ciu co khi, lua chon thiét
bi dé chup anh san pham, chuong trinh xir Iy anh phat hién 15i
mdi han s& duge xay dung trén phan mém NI Vision Builder.

2. Giai phap tw dong héa cho qua trinh kiém tra chit
lwong mdi han

Yéu cau cua giai phap 1a cong doan kiém tra chat luong
méi han phai dugc thuc hién mét cach ty dong, dugc tich hop
vao day chuyén san xuét hién c6 va khic phuc dugc tit ca cac
nhugc diém cua phuong phép kiém tra thii cong nhu da dé cap
& trén. Quy trinh cong nghé cai tién dugc mé ta nhu Hinh 4.
Trong d6, san pham sau khi duoc nhiing thiéc s& dugc dwa dén
tram kiém tra, & d6 san phém s€ dugc chup anh (mat trén va
mit dudi), hinh anh cua san pham s& duoc truyén dén may
tinh dé xtr 1y phat hién 16i mbi han. Céc san pham c6 mdi han
khong dat yéu cau s& duoc dua vao khay chira, cac san pham
dat chét luong s€ dugc dua vao bang tai déu ra dé dua dén cac
cong doan tiép theo ctia day chuyén san xuat.

Phét hién san pham 13i bing
phudng phap xi ly anh Q Nleon Builder
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Hinh 4. Quy trinh céng nghé han day cdi tién
2.1. Thiét ké phan ciing

Bén canh céc rang budc vé kich thudc, kha nang tich
hop vao trong day chuyén san xuét hién co,... thi mot trong
nhimg yéu cau quan trong cua hé thong cai tlen 1a tong thoi
gian ctia cong doan kiém tra chat lugng mdi han (bao gom
thoi gian chup anh mat trén, mét dudi san phém, thoi gian
xtr Iy anh) phai nh6 hon hoic bang thoi gian chd ctia cong
doan 14u nhét (46 1a cong doan gia nhiét, khoang 9s) cong
v0i thoi gian xoay mam (khoang 1s). Diéu nay nham dam
bao viéc bd sung cong doan kiém tra chét lugng mbi han
khong lam anh huéng dén quy trinh van hanh ciia hé théng
hién tai. Trén co s& do, co 2 phuong an kha di cho viée thiét
ké phan ctng ciia co cdu chup anh nhu sau:

Phuong an 1: Str dung 1 camera két hop voi 1 dong co.
V6i phuong an thiét ké nay, trinh tuy chup anh san phim duoc
thuc hién nhu sau: 1- Chup anh mat trén san phém, 2-dong
co quay dua camera xudng phia dudi, 3- chup anh mat dudi
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san pham, 4-dong co quay dua camera 1én phia trén.

Phuong an 2: Str dung 2 camera dinh vi cb dinh & phia trén
va phia dudi san phdm dé thyc hién chup anh cing mot lic.

Sau khi phan tich thi phuong an 2 mac du c6 gia thanh
cao hon nhung s& dap ting dugc yéu cau vé thoi gian chup
anh. Do d6, phuong an sir dung 2 camera dong truc duoc
st dung trong bai bao nay.

Co c4u phan cling nay bao gdm mét truc cb dinh, trén dé
¢6 gin cac dé (phia trén va phia dudi) dé cb dinh camera va
cac vong LED. Co cdu niay dugc v& bang phan mém
Solidworks nhur Hinh 5. Trong thiét ké nay, nhom tac gia sir
dung 2 camera chuyén dung trong cong nghi¢p loai
Mars5000S-20gm/gc~ két hop voi  ong  kinh
LEM1614CBMPS. Bén canh d6, d¢ nang cao chat luong clia
hinh anh chuyp, 2 vong LED loai VT-LT2-HR duogc lép dat
trude dng kinh ciia camera. Cac san pham trén duoc cung
cap boi hang Vision Datum [11]. Mot vai thong sb k¥ thuat
clia camera, ong kinh, vong LED dugc cho nhu Bang 1.
2.2. Thiét ké phian mém xir Iy anh phdt hién 16i méi han

Hinh anh sau khi chup boi camera (gdm 2 anh chup mit
trén va dudi ciia mbi han) s& duoc truyén dén may tinh dé
xur ly. Py 1a cong doan quan trong thuc thi cac tac vu gdm
thu thap hinh anh tir camera, xr Iy va phan tich hinh anh
trong thoi gian thyc, tinh toan ddc trung va ra quyét dinh
vé chét lugng mdi han (Pass/Fail).

LED chiéu
sang

Hinh 5. Co cdu dinh vi camera
Bing 1. Céc théng sé co ban ciia camera, éng kinh, vong LED

Focal Length 16mm
LEM1614CB FINO 14
MP8 Angle of FOV | 37,3%30,3%23°
TV Distortion 0,1%
— Resolution [H*V]| 2448 x 2048
Mars5000S- w Frame Rate [fps] 20
20gm/gc Mono/Color Mono/Color
Data Bit 12bit
Input voltage 12 vDC
e Color(f;m?ee)rature 6500-8500K
VT-LT2-HR é Lifetime 20,000hrs
’ Red: 620-630nm;
Wavelength range |Blue: 460-475nm;
Green: 520-530nm|

bé thye hién cac tac vu trén, ¢ day nhom tac gia s dung
phin mém chuyén dung NI Vision Builder dwoc phat trién

bdi hang National Instruments [12]. NI Vision Builder cung
cép quy trinh 1am viéc theo huéng menu dé gitp ngudi thiét
Kké xay dung hé théng kiém tra, nhin dang béng hinh anh.
Béng cach str dung cac cong cu (tools) dugc tao sin trong
menu, ngudi thiét ké c6 thé thiét 1ap cau hinh camera, tily
chinh qua trinh xr 1y dnh tir hang tram thuat toan va cac budc
kiém tra, kha nang thiét ké giao dién lién két voi phan cting
tu dong hoa ciing nhu hién thi két qua kiém tra, nhan dang.

Start

/) default
Read PLC

Transition 2

’ Transition 1

~ default ult @

" default
;hu

— default

Hinh 6. Thudt todn xir Iy anh

Luu d6 téng quat xur 1y anh dugc mé ta nhu Hinh 6.
Chtre ning cua timg khéi 1énh dugce mé ta nhu sau:

- Read PLC: Poc tin hiéu tir PLC dé camera thyc hién
chup anh;

- Acquire Cam 1: Camera 1 chup anh;

- Acquire Cam 2: Camera 2 chup anh;

- Process Image 1: Xt li anh mat trén san phém duoc
chyp tir camera 1;

- Process Image 2: Xir li anh mat dudi san pham dugc
chuyp tir camera 2;

- Result: Tinh toan két qua va hién thi trén giao dién
nguoi dung;

- Write PLC: Tra tin hiéu vé két qua san phdm Pass/ Fail
cho PLC dé PLC diéu khién phan loai hang dugc 1én bing
tai hay ddy xudng khay hang 15i.

Chi tiét cua ting tac vu dugc 1ap trinh trong NI Vision
Builder nhu sau:

Read PLC:

Lénh nay thyc hién viéc doc trang thai tir PLC (st dung
chuin truyén thong OPC UA dé giao tiép) dé khéi tao
chuong trinh lam viéc trong ché d6 ty dong (Hinh 7).
Chuong trinh ciing c6 thé dugc khoi tao & ché do thu cong
bang cach nhan nat “TEST” trén giao dién ngudi ding.

State: Read PLC

1 > > ~ W O

— oec ua
» -
Logic Calculator 1 OPCUA 1

Hinh 7. Cdu Iénh doc trang thdi tir PLC dé khéi tao chuong trinh
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Acquire Cam:

Tac vu nay bao gdm ciu hinh viéc thu thap hinh anh tir
camera theo chuin IEEE 1394 hodc Gigabit Ethenet hodc
USB va sau d6 thuc hién viéc luu anh (Iénh Image
Logging) (Hinh 8). Do ¢ day st dung 02 camera, nén tac
vu trén s€ dugc thuc hién cho tirng camera.

State: Acquire Cam1
> > > W O
] S,
oo )

Acquire Image (1394, Image Logging 1

GigE, or USB) 1

Hinh 8. Cdu Iénh thiét ldp cau hinh camera, chup anh va luu anh
Process Image:

Pay 1a tac vu quan trong nhét ciia qua trinh xtr ly dé
kiém tra chét lvong mdi han. Trong bai bao nay, nhém tac
gia tinh toan dién tich mau sic ddy ddng chwa dwoc phu
thiéc (thong qua s lwvong diém anh pixel) dé danh gia cht
luong mdi han. Néu s6 luong diém anh mau dong vuot qua
gia tri ngudng duoc thiét 1ap trudc thi chat luong mdi han
duogc danh gia 1a khong dat (fail). Qua trinh xu 1y nay duogc
thuc hién g6m cac budc nhu Hinh 9.

State:  Process Image1

| S 3 > ra mI 0 Display Result Image for this
I~ I~ I ST

Select Image 1 Adv.Straight Edgel Adv.Straight Edge2 Geometry 1 Set.Coord.System1 Count Pixels 1 Count Pixels 2

Hinh 9. Chudi Iénh xir Iy dnh dé kiém tra chdt lwong méi han
Sau khi Iya chon hinh anh, cac 1énh Adv.Straight Edge
1 va Adv.Straight Edge 2 thuc hién dinh vi cac doan thing
theo phuong doc va phuong ngang 1én ving anh dugc quan
tdm. Lénh Geometry s€ thuc hién xac dinh giao diém cua 2
duong thang ¢ trén (nhu Hinh 10).

= 7

. I
Hinh 11. Dinh vi ving danh quan tam dé kiém tra chat lwong moi han
Tiép theo 1énh Set Coordinate System dugc su dung dé
xay dung h¢ toa do dua trén vi tri va hudng da dugc xac dinh
¢ lénh Geometry. Khi vi tri dugc xac dinh nay thay ddi tir
anh nay sang anh khac, hé toa d¢ sé di chuyén. Do vi tri cia
6 khay (cavity) trén mam xoay co sai 1éch, nén cin phai tao

ra 1 hé toa do géc dinh vi dya trén vi trf thuc té cia san phém
trong khung hinh tir d6 xac dinh chinh xac ving anh quan
tAm nhu mo ta & Hinh 11 (¢ ddy 1a ving anh chitra méi han).

Sau khi xac dinh dugc ving anh quan tim, cac 1énh
Count Pixel 1 va Count Pixel 2 s& thyc hién dém s luong
diém anh mau ddng xuét hién trong ving anh. Trong do,
ché d¢ mau HIS véi cac thong s6 Hue (0-37), Saturation
(137-255), Intensity (115-190) dwoc thiét lap cho mau
ddng cua day quan, nhu duge moé ta & Hinh 12.

Main = Settings Limits

Color Model |HSI preview Color [l

sevron [

137 |5 255 £

sty

115 1% 190 14| v

Percentage of Pixels in Intensity Range:  3.20
Number of Pixels in Intensity Range: 916

Hinh 12. Thiét ldp ché @¢ mau cho viing dnh quan tam

Qua trinh xtt Iy anh dugc thye hién trong ty voi hinh anh
thir hai ctia san pham. Trong do, viéc dém so0 lugng cac di€m
anh mau dong trong hinh anh tht hai cta san pham duoc
thuc hién boi cac 1énh Count Pixel 3 va Count Pixel 4.

Tiép theo, viéc tinh toan tong sb luong diém anh cua
mdt moi han va so sanh vai gia tri ngudng dét trudc cling
nhu hién thi két qua xtr 1y dugc thyc hién nhu Hinh 13.

State: Result

> > > | Z W O

BB (B (§ ¥ (@

Calculator 1 Calculator 2 Calculator 3 Set.Inspec.Status1 Set Variable 1 Delay 1

Hinh 13. Chuo;i, Iénh tinh todn s6 lwong diém anh mau dong ciia
moi han va so sanh voi gid tri nguong
Trong do, 1énh Calculator 1 thyc hién viéc tinh téng
diém anh mau déng clia 2 mit trude, sau ctia mot mbi han
(Count Pixel 1 va Count Pixel 3) va so sanh voi gia tri
ngudng dit trudc, két qua tra vé trang thai True/False, nhu
duoc thé hién & Hinh 14.

Process Image1 - Count Pixels 1 - Pixel Count Total Pixel 1

EE phize]

> &>

Step Result

Process Image 2 - Count Pixels 3 - Pixel Count Variables - User Interface Control - Min Pixel

fiz3h iz

Hinh 14. Chi tiét cua lénh Calculator 1

Tuong fu, Iénh Calculator 2 thuc ,hién tinh téng diém
anh mau dong 2 mat trudc, sau ciia moi han con lai (Count
Pixel 2 va Count Pixel 4).

Lénh Calculator 3 s€ thyc hién phép toan logic AND tir két
qua True/False cua Calculator 1 va Calculator 2. Két qua cua
Calculator 3 1a True (nghia 1a san pham dat yéu cau) khi va chi
khi ca 2 moi han déu dat yéu cau (Calculator 1 va Calculator 2
cling c6 gid tri la True), nhu duge mo ta & Hinh 15.

Dé xéc dinh gia tri ngudng, 600 mau thir dugc lwa chon
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va kiém tra chat hrorng mdi han can than bang mat thuorng,

trong d6 300 mau co chat luong mdi han dat yéu cau,

300 miu khong dat yéu cau. 600 mau nay sau d6 dugc dwa

vao xir Iy trén phan mém, két qua tinh toan cho thay néu sb

luong diém anh mau déng ciia mdi han 16n hon hoic bang

250 diém thi mdi han d6 dwoc xac dinh 1a khong dat yéu cau.
Calculator 1 - Step Result

N

L e

Step Result

Calculator 2 - Step Result

LFFL]

Hinh 15. Chi tiét ciia Iénh Calculator 3

pé thuén tién cho cho viéc giam st qua trinh kiém tra
chét lugng mdi han cta san pham ciing nhu cap nhat, luu
trit thong tin trong qué trinh san xut, mot giao dién nguoi
dung ciing duoc thiét ké nhu dugc mé ta & Hinh 16. Giao
dién ngudi ding nay co cac tinh nang nhu hién thi hinh anh
chup mat trén, mat dudi cua mébi han, hién thi sb luong
diém anh mau dong cta timg mdi han, két qua so sanh va
két luan cudi cung vé chat luong mdi han (Pass/Fail). Bén
canh d6, cac thong tin vé s6 lugng san pham duoc kiém tra,
s6 luong san pham dat, s6 lugng san pham khong dat ciing
dugc tinh toan va hién thi trén giao dién nguoi ding.

VISION SOLDERING MIDRANGE >

-

PREMO

he

Hinh 16. Giao dién phan mém kiém tra chdt heong méi han

3. Két qua thwe nghiém

Hinh 17. Céng doan kiém tra chat lwong méi han trieée va
sau khi cdi tién

He¢ théng sau khi thiét ké da duoc tich hop vao quy trinh san
xuat hién tai ciia nha méy, ning cép day chuyén han déy san
pham dat mtc do tw dong hoéa 100%. Hinh anh vé cong doan
kiém tra chat lugng méi han trude va sau khi cdi tién duoc mo

tanhu Hinh 17. Trong qua trinh chay thir nghiém, két qua kiém
tra chat luong mdi han tw dong da duoc so sanh bang phuong
phap kiém tra thi1 cong truyén thong bang mit, két qua cho thay
hé théng tw dong dat do chinh xac 100%. Tong hop két qua
kiém tra trong 4 ca 1am viéc duoc mo ta nhur trong Bang 2.
Ngoai ra, thoi gian ¢& may tinh kiém tra xong mot san
pham 13 01 gidy so voi viéc kiém tra thu cong bang mit
thuong 1a 08 gidy. D1eu nay c6 y nghia quan trong trong
viéc nang cao ning suit ciia toan bo day chuyén san xuat.

Bing 2. S6 lrong san pham dwoc kiém tra tw dong trong
4 ca lam viéc

N Téng san | S6 luong | S6 lwong
Thoi gian Ngai/réllqem phém san phdm | san pham
kiém tra dat khong dat
Ca 1: 6h-14h 2500 2221 279
15/5/202
Ca 2: 14h-22h 5/5/2023 2500 2198 302
Ca 1: 6h-14h 2500 2217 283
Ca 2: 14h-22h 16/5/3023 2500 2203 297

4. Két luan

Trong bai bao nay, nhom tac gia da dé xuét giai phap tu
dong hoa khau kiém tra chét lwong mdi han trong day chuyén
han day cho san pham anten Midrange trén xe 6 t6 & nha may
Premo Viét Nam. Bai bao d trinh bay viéc thiét ké phan cting,
lya chon trang thiét bi va viéc img dung cong nghé xir Iy anh
dé phat hién cac san pham c6 méi han 16i. Giai phap dugc dé
xuét da duge dua vao tmg dung trong thuc té san xuat. Két
qua thyc nghiém cho thiy hé thong van hanh t6t gop phan
nang cao chat luong, giam nhan lyc lao dong, rat ngan thoi
gian kiém tra méi han so véi phuong phép thu cong trudc day.
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