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TOM TAT

Ung dung xir Iy dnh d@é nhdn dang vi tri ciia vt va diéu khién tay may dé lap rdp la mét trong
nhitng g dung rdt phé bién hién nay. Tuy nhién, hién nay, nhwng ung dung lap rappho bién déu la
cho vdt tinh dirng yén trén bang chuyen hodc la vét dwoe gdp ra tir bang chuyén va lap rap trén vit
tinh. Diéu nay lam cho néng sudt ciia hé thong bi gzam Nghlen cutu nay trinh bay phuwong phap co
thé tang ndng sudt cho mét dday chuyén ldp rdp bang cach lap rap cho vat déng dang chuyén déng
trén bang chuyén Sw dung xie [y hinh dnh va tay mdy. Hé thong bao gom mot camera ddt trén cao
dé phat hién vit can ldp rap dat bat ky hudng va vi tri trén bang chuyén. Sau dé, toa do va huéng
ciia vt dwgc tinh todan. Cdc div liéu tinh todn sé dwoc truyén xuong cho tay mdy dé thiee thi z‘ac vu
lap rap. Qua trinh lap rap sé dwoc thwc hién dwa trén vi tri va huwong cua vat da tinh toan va téc do
ciia bang tai. Qua thiee nghiém kiém chitng, do chinh xdc ciing nhw thoi gian nhdn dang, hé thong
chting minh la ¢é kha nang dp dung vao méi trwong cong nghiép ldp rdp givip tang ning sudt cho
hé thong.

Tw khéa: Thi gidc may tinh; Ldp rap; Tay may; Diéu khién; Xir Iy anh.
ABSTRACT

Image processing application to identify the position of objects and control manipulators
for assembly is one of the most popular applications today. However, currently, common assembly
applications are for stationary objects on a conveyor belt, or the object is picked up from a conveyor
belt and assembled on a stationary object. This causes the system's productivity to decrease. This
study presents a method that can increase the productivity of an assembly line by assembling
moving objects on a conveyor belt using image processing and manipulators. The system includes
an overhead camera to detect objects to be assembled in any direction and position on the conveyor
belt. Then the coordinates and direction of the object are calculated. The calculation data will
be transmitted to the manipulator to perform the assembly task. The assembly process will be
performed based on the calculated position and direction of the object and the speed of the conveyor
belt. Through experimental verification, accuracy and recognition time, the system proves to be
applicable to the assembly industry environment to help increase system productivity.

Keywords: Computer vision, Assembly; Manipulator, Control; Image processing.
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1. GIOI THIEU

Ngay nay, ¢ cac nha may tu dong hoa
c6 su dung tay may cong nghi¢p nhu ABB,
Fanuc, Yakawa, Denso, & cac cum lép rap hay
day chuyén san xuét, dong goi cac vat thuong
dugc di chuyén trén bang chuyén. Tuy nhién,
hién nay dé thuc hién tac vu lép rap hay gép
vat, bang chuyén can phai dimg lai trong mot
khoang thoi gian [1-4]. Piéu nay lam cho ning
suat cia h¢ thong bi anh hudong. Cac hing san
xuat robot hi¢n nay dang tap trung giai quyet
van dé trén bang viéc dé xuit mo hinh lap rap
vat di chuyén trén bang tai ma khong ding
béng tai nhu dé xuat caa ABB [5]. Viéce lap rap
Iac vat di chuyén la mot bai toan thach thic
hon rat nhiéu so voi vat tinh do hé théng phai
dam bao sai s6 nho ciing nhu kha nang bam d6i
tugng trong thoi gian thuc.

Phat hién ddi tuong chuyén dong da
duoc st dung rong rai trong dinh vi ty dong,
giam sat an ninh. Tuy nhién, ing dung trong
viéc lap rap chi tiét trén bang chuyén van chua
duoc ung dung rong rdi do phai két hop giira
chuong trinh xtr Iy anh va co céu chdp hanh.
Trong nhimg nim gan déy, c6 rat nhiéu nghién
clru vé viée bat ddi twong chuyén dong nhu:
Li et al. [6] da nghién ctu thuat toan phat hién
d6i twong chuyén dong bang cach sir dung cac
ddc diém anh va thong s6 mau dé trich xuat dic
diém dé phan doan tién canh chuyén dong theo
thoi gian thyc va chinh xac trong cac canh phirc
tap nhu thay d6i do sang va nhiéu nén dong. Jin
et al. [7] da d& xuat phuong phap phat hién doi
tugng chuyén dong dwa trén mo hinh biéu do
Vl‘mg trong khong gian thudc tinh mau, nham
khic phuc nhitng thiéu s6t cia phuong phap
truyen thong dua trén dic diém mau sic va
diém anh. Dau tién, khong gian mau RGB duoc
anh xa t6i khong gian thudc tinh mau ¢ chiéu
thAp manh m& hon va biéu d6 duogc thiét lap

trong pham vi cuc bd cua pixel vdi thude tinh
mau lam doi tuong dac trung. Déng thot, thong
tin cua pixel trong mdi phan ving cia biéu do
dugc ghi lai dé tao mo hinh nén cua timg pixel
va mdi biéu dd s& cho cac trong sb khac nhau
tiy theo mirc @6 phtt hop ctia nd. Tuy nhién, rat
kho dé thiét 1ap cac thong sb trong sb trong qua
trinh van hanh thyc té cia phuong phap nay va
két qua bi anh huéng rit nhiéu boi cac thong
sb trong sb nay. Yin et al. [8] dé xuat mot thuat
todn phat hi¢én vat dua trén su bat thuong dua
ctia nhimg thay d6i thuong xuyén. Pau tién,
thuat toan phan doan vung dua trén phuong
phédp khac bi¢t ba khung hinh dugc sir dung
dé phan doan hinh anh thanh ving nén tinh va
ving nén dong bao gdm cac ddi tuong chuyén
dong, dong thoi phan chia ving nén tinh va
vung nén dong. Thuat toan Surendra dya trén
ba khung hinh khac nhau dugc st dung dé trich
Xuat ving nén tinh thong tin va thiét 1ap mo
hinh nén. Ding [9] dé xuidt m6 hinh nén voi
cac tinh ning mau sic va canh dé giai quyét
van d¢ vé tinh niang don 1¢ trong mo hinh nén
truyén thong phuong phap. Van dé nhiéu, diém
dut doan va 16 hong bén trong trong viéc phat
hién dbi twong chuyén dong din dén phuong
phédp chénh léch ba khung hinh da dugc giai
quyét va két qua xir Iy hinh anh dugc bu dap
dua trén phuong phap xur 1y hinh thai. Nhung
nghién ciru khong giai quyét duge van dé nhiéu
hinh anh gay ra boi chuyén dong cta muc tiéu
trong hinh anh video. Mic du phép trir nén
truyén thong cac thuat toan da duogc str dung
rong rai trong cac moi truong khac nhau nhung
chiung van phai d6i mat v6i nhiéu thach thirc
khac nhau [10]. Mot trong s6 d6 1a vat thé ¢
tién canh thudng khong hoan chinh va c6 nhiéu
nhiéu, nghia 1a n6 chira cac 16 hoic manh vo rai
rac [11, 12]. Nhitng khiém khuyét nay c6 thé
gdy ra viéc phat hién sai va anh huong dén higu
qua cua cac trng dung nang cao nhu nhan dang
vi tri muc ti€éu va ngoai hinh [13, 14, 15].
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Bai bdo nay c6 sy khac biét vdi cac
nghién ctru trén, do 1a sy két hop phat hién vat
chuyén dong trén bang chuyén thong qua phan
ngudng va loc Morphology dé xac dinh vi tri
ctia vat 1ap rap va két hop tay may dé thuc hién
viéc lap rap nay.

Lo lép ¢o kich thudc d6 sau 18 mm,
chiéu dai 30 mm va chiéu rong 30 mm. Vit lap
rap 1a khéi vudng c6 chiéu sau, dai va rong 1a
29 mm.

O

Hinh 1. Hinh anh vt va kich thude cac 16 can ldp
rdp trén vt khi di chuyén

2. XU LY ANH

Trong hé théng nay, camera duogc st
dung dé phat hién vat thé chuyén dong trén
bang tai. Sau do, camera chup anh va PC xu ly
anh dé trich xuat cac diac diém cua d6i tuong
nhu hinh 2a, sau d6 1a phat hién mau den cua 15
phia trudc. Thong thuong, hinh anh dugce doc
trong khong gian mau RGB va phuong phap
phan doan don gian nhét 1a phan ngudng. Tur
mot hinh anh trong khong gian mau RGB duoc
chuyén sang mau xam va sau dé sir dung thao
tac ngudng dé phat hién. Tuy nhién, phuong
phap ndy van c6 qua nhiéu nhiéu ciing nhu phat
hién mau sic khong tt vi chi st dung kénh
mau xam. Dé trich xuit mot ddi tuong mau,
sir dung khong gian mau HSV va dat ngudng
hinh 4nh HSV cho mét pham vi mau nay la
mot phuong phap hiéu qua vi HSV dé thé hién
mau hon khong gian mau RGB nhu hinh 2b.

Sau khi trich xuit d6i twong mau den, phuong
phap bién d6i hinh thai duoc sir dung dé c6 két
qua t6t hon (loai bé nhidu) trude khi phat hién
duong vién cua d6i tuong. Cac phép bién doi
hinh thai dugc chon vi nd thuong dugc thuc
hién trén anh nhi phan. Hai toan tr hinh thai co
ban la Erosion va Dilation dugc ap dung dé loc
b6 bét nhidu. Pé tinh trong tim va hudng cua
vat thé can phai thuc hi¢n nhiém vu tim duong
vién. Nhiém vy nay c6 thé dugc giai thich don
gian 1a mot duong cong ndi tat ca cac diém
lién tuc (doc theo dudng bién), cd cung mau
sic hodc cuong d6. Puong vién 1a mot cong cu
hitu ich dé phan tich hinh dang, phat hién va
nhan dang d6i tugng. Tir két qua cua bude tim
duong vién, diéu can thiét 1a chi léy duoc mot
duong vién tir anh. Vi vay, y tuong 1a sir dung
dién tich duong vién dé chon nhu hinh 2¢. Sau
khi tim dugc duong vién, ta c¢6 dugc hinh chit
nhat bao quanh né. Ap dung phuong phap Hu
moment, ta tinh trong tdm va hudng cua duong
vién duy nhit d6 va do ciing chinh 1a vét ta can
tim nhu hinh 2d. Qua trinh xtr Iy anh dugc tom
tat nhu hinh 3.

@ ®)

(c) (d)

Hinh 2. Hinh RGB (a), Hinh sau khi loc nguong
HSV (b), Hinh sau khi tim dwong vién (c), Hinh
tinh toa do trong tdm va goc (d)
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Hinh anh Bién déi
diu vao loc HSV hinh thai
v

Tim duwong
vién va 1o den

Tinh trong tam
va huéng

Hinh 3. Giai thudt nhan dang vdt trén bang chuyén
3. TINH TOAN TQA PQ THAT CUA VAT
3.1. Tinh chinh camera

Céc tac vu xtr 1y hinh anh tra vé toa do
pixel va huéng cua ddi tugng. Tuy nhién, robot
khong thé hiéu gia tri cua toa do pixel va can
phai hi€u chinh camera. Hi¢u chinh camera la
mot qué trinh dé chuyén toa do pixel cua u, v
dén vi tri tuong ung trong toa do ban co, ¢ dang
X, Y va Z. Céc gia tri toa d dugc tinh toan sau
do6 s€ dugc so sanh véi céc gia tri da biét trude
d6 trén bang ban c& dé xac minh tinh chinh xac
cua chung.

Cong thirc tong quat:
1 X

s [v =KI[R T] l;
1

Trong do:

- K: Ma tran thong s6 ndi camera;
- [R T]: Ma tran thong s6 ngoai camera.

(1)

Qua trinh calib camera dugc thuc hién
trén Matlab, dung ham calib dé lay tat ca cac
anh chup duoc ¢ 16 vi tri khac nhau nhu hinh 4.

Hinh 4. Cac hinh anh ban co cho qua trinh calib

Sau d0, ldy 04 goc ciia ban co nhim tim
ma tran thong $6 noi, lam lién tuc voi 15 hinh
con lai. Sau khi xong qua trinh trén, ta thu duoc
ma tran thong s noi:

6674 0 3244
K=| 0 6665 241.05 2)
0 0 1

Sau khi tim duoc ma tran thong sb noi,
ta s€ dat ban co Ién mat trén cung cua vat thé
16n va chup anh dé dung dé tim ma tran thong
s6 ngoai:

-91.23 0.0034 0 0.0197
T=-6453 | R=| 1  —0.0032 -0.01 3)
281.94 -0.01 00197 -1

3.2. Tinh todn vén téc di chuyén cia vat

Qua trinh tinh toan van tdc duoc kich
hoat qua diéu kién “Check speed”. Chuong
trinh s€ lién tuc léy dr liéu vi tri va thoi gian
ctia d6i twong trén bang tai. Khi két thuc quéa
trinh nay sé& tién hanh tinh ra vén tdc ciia biang
tai qua hoi quy tuyén tinh. Gia tri van toc duoc
cap nhat lén hé théng dé dung cho cac myc dich
tinh todn khéc.

Ta gia dinh viéc setup van tde bang tai
duogc thyc hién qua nim xoay bién tré va trong
qua trinh hoat dong, van tdc bang tai khong doi
bdi cac diéu kién khac nhau. O phan trudc, viée
tién xir Iy anh dua ra dugc cac ddi tuong trén
bang tai, ta c6 thé tim duoc tAm cia d6i tuong
d6 qua viéc tinh cdc moment anh & mdi thoi
diém khac nhau.

Khi mot ddi tuong di chuyén trén biang
tai, véi van toc v 1a hang so, ta c6 phuong trinh:

X=vt+x, 4
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Tur do, ta thu thap dugc bang $6 liéu sau:

Bdng 1. Bang s6 liéu thu thdp

Vi tri Thoi gian
X1 Tl
X2 T2
X4 T4

Céc gia tri thu dugc 1a két qua quan sat
cua mot doi tuong.

Do hé théng tach bi¢t vung lam viéc cua
camera va vung lam viéc cua robot nén viéc
xéac dinh van tdc cia cua bang tai hét sirc quan
trong. N6 1a mot thong sb6 quan trong dé xéac
dinh vi tri cua vat theo thoi gian va phai c6 sai
s6 nho dé dam bao robot c6 thé bt chinh xéac
duoc vi tri cua vat.

Dé xac dinh chi tiéu nay, ta st dung thém
mot encoder ngoai hé thong va cho bang tai chay
& cac muc van tde khac nhau dé tién hanh so
sanh két qua gitra hai phép do nhu hinh 5.

Biéu db sai léch gitra céc lan do vén téc khac nhau
V_mode = 100 mm/s V_mode = 150 mm/s
1100 160.0
— gié tri do duoc

—— gid trj do dugc
1075 W gid tri chudn 100 mm/s | o0 o W gia tri chudn 150 mm/s

105.0 1550

3 1025 1525
E

3 1000 1500
-]
&

> 915 1475

95.0 1450

25 1425

90.0 1400

2 4 8 10 2 4 8 10

6 6
Lén do Lén do

Hinh 5. Sai s6 ciia vdn toc do bang camera
3.3. Chuyén ddi toa dd tir ban cd vé robot
Sau khi hiéu chuian dau tool, ta di

chuyén dau tool ngay trén ban cd dé xac dinh
toa dd ban co trong toa do gan voi robot. Piém

dau tién 1a gbc cua ban cd tudn theo quy udc
ctia quy tac hiéu chuin may anh. Diém thir hai
va tht ba 1an luot 1a cac diém nam trén truc x
va y cua ban co.

Toa do ban co c6 thé tinh toan boi cac
diém bén trén nhu sau:

rabut)? _ 1)2 _1)1
banco - |P —P|
2 1

roboty; __ })S_Pl (5)
banco™ T |P _P|

3 1
robot 77 __ robot v robot vy
bancoZ - bancoXX buncoY

Trong d6: P1 1a gbc, P2 1a diém nam
trén truc X, P3 1a di€m nam trén truc Y.

4. KET QUA VA THAO LUAN

Qua trinh thuc nghiém dugc thyc hién
trén robot Nachi 6 bac tu do, camera 2D duogc
dat trén khau cudi cta robot nhu hinh 6. Vat
can lap nam trén bang tai. Toc do di chuyén cua
bang tai la S0mm/s. Bang tai khong diung trong
sudt qua trinh lip rap.

Encoder

2D camera,

Tay may nachi
MZz07

DPong co
USM315

Hinh 6. Moi triwong thyc nghiém

Qua trinh hoat dong cua thuc nghiém
duoc tom tat nhu sau:

- Budc 1: Tay may gép chi tiét nho vé vi
tri goc. Camera ludn chup anh & budc nay. PC
st dung xu 1y hinh anh dé phat hién mau vat
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16n dang di chuyén trén bang tai nhu hinh 7a.
Ngoai ra, cac tac vy xur Iy hinh anh tra vé thm
pixel ctia 16 phia trude, hudng ciia no va tim
pixel ctia d6i tugng 16n.

- Budc 2: Thread 1 cua PC duogc khoi
dong, két ndi voi bo ma hoa dé lay gia tri vi
tri cap nhat. Bo vi diéu khién nhan lénh “Bit
dau” tir bd ma hoa, sau d6 n6d doc va gui lién
tuc gia tri mdi ciia b ma hoa dén PC. Dua trén
toa do pixel va gia tri cia bd ma hoa, PC tinh
toan vi tri hién tai cua 16 phia trudc trong khung
robot. Ludng 2 dugc khoi dong, PC gui vi tri
hién tai va 1énh di chuyén t&i robot. Robot theo
ddi chuyén dong cua vat thé ciing nhu giam dan
tryc Z dé thuc hién nhiém vu lp rap nhu hinh
7b. Néu robot dat dén vi tri 15 phia trudc, hiy
1ap phoi nho vao nhu hinh 7c.

- Budce 3: Sau khi dua phoi nhd vao,
robot s& kep mdt phdi nho khac nhu hinh 7d.
Vi diéu khién cling tiép tuc gui gia tri cua bd
ma hoa t&i PC. Vi tri 16 bén hién tai cua 16 bén
dugc tinh toan bang PC nho ndi suy lién quan
gitra 16 bén va 16 bén trude. PC sé du doan vi tri
16 bén céach vi tri hién tai 200 mm, sau d6 robot
di chuyén dén vi tri nay va giam khoang cach
dé hoan thanh cong viéc chén nhu hinh 7e va
hinh 7f.

Hinh 7. Qud trinh nhdn dang va gdp chai nhua

Bdng 2. Thoi gian xit Iy ciia hé thong

Thoi gian nhén Thoi gian
dang va tinh toan vi | robot thuc thi
tri (ms) (s)
Lan 1 164.67 1.88
Lan 2 180.23 1.91
Lan 3 201.45 2.12
Lan 4 180.1 1.93
Lan 5 188.39 1.88
Lan 6 160.97 2.15
Lan 7 188.31 2.04
Lan 8 178.86 2.13
Lan 9 212.38 1.95
Lan 10 218.75 1.99
Nhian xét:

e Hé¢ théng hoat dong tdt dbi vai cac
vat can lap ¢ vi tri khac nhau.

« Thoi gian xtr 1y anh tong cong khong
vuot qua 0,25s, img dung c6 thé chay thoi gian
thyc rét tot.

* Thoti gian thyc thi cua robot trung binh
khoang 2s phu hop véi tac vu ldp rap nhanh
trén bang chuyén.

5. KET LUAN
Nghién ctru da trinh bay mdt phuong

phap hiéu qua dé tu dong hoa qua trinh 1ap rap
vat trong day chuyén san xuat bang cach su

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
IIN TAP CHI CO KHI VIET NAM, S6 3114312, thing 1+2 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

dung cong nghé xur Iy hinh 4nh va tay may cong
nghiép. Tir day, vat trén bang chuyén khong
can phai dimng lai cho qua trinh lip rap ma van
c6 thé di chuyén lién tuc. Qua thuc nghiém cé
thé thiy phuong phap c6 thé thay thé viéc lap
rap thu cong hién nay ctia nguoi lao dong, tang
nang suat cho qua trinh lap rap ciing nhu bao
vé stic khoe ngudi lao dong tot hon. Cach lam
cling don gian va dé thuc hién ciing nhu dé bao
tri. Dé tang do chinh xéc, hé théng camera co
thé dé dang thay doi.

Xung dot loi ich:

Nhom tac gia xin cam doan rang khong
co bat ky xung dét loi ich nao trong cong bo bai
bao.

DPong gop cua tac gia:

- Lé buc Hanh: Dua ra y tudng, phan
tich va viét bai.

- Lé Buc bao: Thuc nghiém, thu thap

dir liéu va phan tich. s
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