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TOM TAT

Ung dung xu" Iy anh dé nhdn dang vi tri cia vt thé dang di chuyen trén bang chuyén va diéu
khién tay mdy dé gap vit ra dé Zap rap la mot trong nhu"ng iing dung rat phé bién trong cong nghiép
hién nay. Tuy nhién hién nay, hau hét cac img dung déu cho cdc vit ¢6 hinh dang phang 2D. Céc
Vit ¢é hinh ddng 3D van chwa dwoc nghién civu nhiéu, nhdt la o Viet Nam do sy phirc tap trong tinh
toan va thoi gian thuc hlen lau bang phirong phap truyén thong Nghién cuu nay trlnh bay phuong
phdp ¢ thé tang néng sudt cho mét day chuyén ldp rdap bang cdch nhin dang va gap vat 3D dang
chuyén dgng trén bang chuyén sir dung xir Iy hinh dnh va tay mdy. Hé thong bao gom mét camera
dat trén cao dé phat hién vét can ldp rdp dat bdt ky hiedng va vi tri trén bang chuyén. Sau dé toa
do 3D va huwong goc cua vdt trong toa do 3D dwoc tinh toan. Cdc dir li¢u tinh toan sé dwoc truyén
xuong cho tay mdy dé thye thi tac vu gap. Qud trinh ldp rdp sé dwoc thue hién dwa trén vi tri va
hiomg cia vat da biét triede dé kiém tra sai s6. Qua thue nghiém kiém chimg, dé chinh xdc ciing
nhu thoi gian nhdn dang, hé thong chitng minh la ¢6 khd ning dp dung vao méi truong cong nghiép
ldp rdp givp tang nang sudt cho hé thong.

T khéa: Thi gidc mdy tinh; Ldp rdp,; Tay méy; Diéu khién; Xur 1y anh 3D.

ABSTRACT

The application of image processing to identify the position of moving objects on the
conveyor belt and control the manipulator to pick up the object for assembly is one of the very
popular applications in industry today. However, most of the applications are for 2D flat objects. 3D
objects have not been studied much, especially in Vietnam due to the complexity of calculation and
long execution time using traditional methods. This study presents a method that can increase the
productivity of an assembly line by identifying and picking up 3D objects moving on the conveyor
belt using image processing and manipulators. The system includes a camera placed above to
detect the object to be assembled in any direction and position on the conveyor belt. Then the
3D coordinates and angular orientation of the object in the 3D coordinates are calculated. The
calculated data will be transmitted to the manipulator to perform the picking task. The assembly
process will be performed based on the known position and orientation of the object to check for
errors. Through experimental verification, the accuracy as well as the recognition time, the system
proves to be applicable to the assembly industrial environment to help increase the productivity of
the system.

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

Yéu ciu ting ning suit va hiéu qua
trong cong nghiép hién dai, dac biét la trong
day chuyén ldp rap doi hoi phai 4p dung céac
cong ngh¢ khac cho canh tay robot. Hién nay,
hau hét cong vige lép rap déu dugc thuc hién
thi cong. Cong viée lap rap dua trén thi giac
may tinh di dugc nghién ciu cho nhidu hé
thdng san xuat ty dong. Hién nay, cac nha may
tuy dong hoa co6 s dung tay may cong nghiép
nhu ABB, Fanuc, Yaskawa, Denso, ¢ cdc cum
lap rap hay day chuyén san xuat, dong goi cac
vat thuong duoc di chuyén trén bang truyén.
Sau d6, cac vat nay sé& dugc robot gip ra dé
dong gbi hay lap rap. Hé thong chira camera
nhan dang va Scara hodc robot song song dé
gép va dat do vat. N6 da duoc st dung rong
rdi trong nhiéu nganh san xuat céng nghiép [1-
4]. Casado va cong su da sir dung nhan dang
bang cach diung mau 2D dé nhan dang va theo
ddi ddi twong chuyén dong [5]. Weiss va cong
su dé xuat mot phuong phap ap dung cac quan
hé dai sd giita cac bat bién ctia mo hinh 3D va
céc bt bién ctia hinh anh 2D cua n6 dudi phép
chiéu xa tong quat dé udc tinh cac tu thé 3D
cua doi tuong [6].

Tuy nhién, do bi che lap hay chong lan,
nén viéc ude tinh tu thé st dung hinh anh 2D
chi hoat dong khi tu thé cua chung bi gidi han
trong mot sd truomg hop. Dé khic phuc cac van
dé nay, mo hinh cad 3D dya trén nhan dang ddi
tugng dugc phat trién. Vi va cong su [7] va
Choi va cong su [8] xay dung mo6 hinh cad cua
dbi tugng va sau d6 sir dung phuong phap so
d biéu quyét dé udc tinh tu thé 6DOF va nhan
dang d6i twong ciia cac d6i twong trong thung.
A K. Jain va cong su [9] str dung cac dac trung
mo ta ddi twong 3D duge tao trén phan mém
CAD dé tao ra ca biéu do quan hé goc nhin dé
sir dung trong nhan dang ddi tugng. R. Jain va
cong su [10] da sir dung thong tin trong co s&

dir liéu CAD dé lya chon dic trung cho viéc
nhan dang dbi tugng. Menon va cong su [11]
da dé xuét thuat toan dya trén tim kiém dua trén
mo hinh 3D dé chon mot vat thé dang chuyén
dong. Thuat toan dya trén bd phiéu va tim kiém
thuong khé do thoi gian tinh toan lau va ton
tai nguyén. Co thé thdy, viéc xur 1y hinh anh
3D di budc dau duoc tmg dung thanh cong.
Tuy nhién, cac nghién ctru trén chi &p dung cho
vat tinh vi thé & cac cum ldp rap, bang chuyén
thuong phai dimg lai dé gip cac vat thé 3D
phuc tap.

Bai bao nay c6 su khac biét voi cac
nghién ctru trén. Nghién ctru nay s& két hop xir
Iy hinh anh 3D va dua vao d6 tinh toan vi tri
can gip cho robot. Hé théng gdbm mot camera
Kinect dat ¢b dinh trén cao dung dé tinh toan
toa d6 va hudng cua vat. Sau do, dya vao van
toc cua bang tai, toa do diém can gip s& duoc
tinh toan va truyén vé robot dé thyc thi tac vu
gap.

2. NHAN DANG VAT 3D

Muc dich ctia qua trinh xtr Iy anh 1a dé
xac dinh tdm, hudng va goc xoay cua vat trong
hé toa do robot. Dé ude luong tam va vector
phap tuyén, trudc tién ta can tich ddi tugng xéac
dinh ra khoi moi truong xung quanh, st dung
cac bo loc dé loai bo nhidu va giam kich thudc
dir liéu gitp tinh toan nhanh hon.

2.1. Tach vat

Hinh thu duoc tir Kinect gém nhiéu vat
trong khung hinh nhu hinh 1. Dé loai bo nhirng
diém khong can thiét trong cloud, ta st dung
bo loc PassThrough Bd loc nay glup cit bo
cac diém nam ngoai ving mong muén theo 3
phuong X, Y va Z nhu hinh 2.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 337+338, thang 1+2 nam 2026 253
cokhivietnam.vn



NGHIEN CUU - TRAO DPOI

Hinh 1. Hinh anh thu dwoc tir Kinect camera

Hinh 2. Hinh sau khi loc PassThrough

Sau khi giéi han khoang liy dit liéu
theo 3 phuong, vat thé van 1an 1on trong khong
gian xung quanh, cloud van chira di liéu diém
clia cac chi tiét nhu bang tai hay mit ban. Diéu
nay lam cho vi¢c udc lugng tdm va vector phap
tuyén cua vat khong chinh xac. Can phai tach
vat ra khoi méi trudng xung quanh dé qua
trinh tinh toan dugc chinh xac va nhanh hon,
ta thuc hién phan doan dir licu dé x6a bang tai
ra khoi cloud. Viéc phan doan dir li¢u dugc
thuc hién bang 16p SACSegmentation dé tim ra
mat phéng chinh ctia khung hinh. Dé thuc hién
SACSegmentation, ta can phai thiét lap dir licu
dau vao (dir liéu thu duogc tir Kinect) va phuong
phap phan doan anh (¢ day 1a RANSAC). Thuat
toan RANSAC Ia thuat toan lap véi muc dich
udc luong cac thong sb ctia mot mo hinh toan
hoc tr mot bo dir liu thu thap duoc bao gém
ca cac diém trong va ngoai. Cac diém trong 1a
nhing diém trong bo dit liéu phu hop (hay ndm
trong) md hinh toan hoc do, con diém ngoai

1a nhitng diém khong ndm trong mo hinh. Qua
trinh thuc hién cia RANSAC nhu sau:

« Chon mét bo nho nhat cac diém bat ky
tir dir liéu du vao, gia thiét cac diém nay déu la
diém trong.

« Tinh toan cac thong sd ctia md hinh
chira cac diém do.

« Kiém tra tat ca cac diém con lai trong
dir liéu dau vao xem chiing nam trong hay nam
ngoai mod hinh dya vao mo hinh vira tinh dugc.

« M6 hinh vira xap xi 13 t6t néu s diém
trong thoa mén yéu cau.

* Qua trinh nay duoc lap lai dé phat hién
cédc md hinh 6t hon.

Sau khi thuc hién thuat toan RANSAC,
ta s& c¢6 duoc dir liéu chua ban, sau d6 co thé
x0a dir liéu ban khoi Cloud va thu duoc dir liéu
chi chra vat nhu hinh 3.

Hinh 3. Hinh sau khi dung RANSAC

Khi str dung cac thiét bj quét 3D nhu
camera RGB-D hoac may quét laser, trong dir
li¢u thu duogc thuong xuét hién nhiing diém
nam lo ling, khong nam trong mit phang nao.
Nhirng diém nay thudng xut hién gan noi giao
tiép giita cac bé mit, hay gin cac canh cua vt
thé. Khi tinh toan cac dic trung cua vat thé thi
cac diém nhiém nay c6 thé giy ra sai léch vi
thyc ra ching khong phai 1a mot diém dir liéu
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ciia vat thé ma chi 13 nhiéu tac dong 1én cam
bién. Hon nita, viéc gia ting s6 diém trén ddm
may diém con 1am ting thoi gian tinh todn. Do
do6 trude khi tinh todn cac dac trung, ta can loai
b6 nhitng diém nhidu khong nam trén cac bé
mit ndy. Phuong phap dugc st dung phd bién
dé loai bo cac diém nhidu ngoai bé mit nay la
StatiscalOutlinerRemoval nhu hinh 4. Pay la
phuong phép tinh khoang céach trung binh tir
mot diém dén cac l1an can cua nd dé xac dinh
cac diém khong nam trong bé mit.

Sau khi phan doan va qua cac bd loc
thi chi con lai vat va cac diém dit liéu cua vat
nhung mat do diém dir liéu van con rat nhiéu
lam cho qué trinh tinh toan lau va c6 kha nang
tran dix liéu. Dé tranh tinh trang do, ta st dung
bo loc VoxelGrid dé giam mau dir liéu bang
cach dua dam may diém vao mot khong gian
gom cac ludi 3D, véi kich thudc cua ludi 1on
hon so véi khoang cach giita mot diém va diém
gﬁn n6 nhét. Noi cach khac, do phan giai cua
Point Cloud cuta vat phai 16n hon d¢ phan giai
cuia lugi Voxel. Sau d6 véi moi ludi Voxel, giai
thudt s& tinh toan tm trung binh cua cac diém
trén Point Cloud va thay thé cac diém d6 bang
mot diém duy nhét tai trong tm trung binh.

Hinh 4. Hinh loc StatiscalOutlinerRemoval
2.2. Tinh trong tam vat

Tam ctia mot cloud duoc tinh bang cach

liy trung binh cong toa d6 cua tit ca cac diém
c6 trong cloud do6.

X 210’

centroid

_ [=0yi (1)

centroid
n

>
i=0 Z

n

centroid ~

Trong do: Véi X, Y2, 14 toa d diém thi
i ctia cloud, n 13 tong so dlem c6 trong cloud.

2.3. Tinh vector phap tuyén

Céch tinh vector phap tuyén duoc tom
tat nhu sau: vector phap tuyén ctia mit phang
tiép tuyén véi mot luong diém 1an can cta diém
dang xét. Bé xac dinh mét phuong trinh mat
phang trong khong glan can xac dinh mot diém
X nam trong mat phing d6 va vector phap tuyen
7i ctia nd. Piém x dugc xac dinh bang cach liy
trong tam cac diém 1an c4n cua diém dang xét:

I el
X=p= ; i=1 Di (2)
n duge xac dinh béng cdc tri riéng cua
ma tran covariance C tinh tir toa d cua tap hop
cac diém lan can:

MR TRy 3)

Trong do, & 1a ham s ti trong cua diém
P, dé ting d6 chinh xac, cac diém cang gan tim
p thi ham s ti trong € co gia tri cang lon. Cac
trj riéng A clia ma tran covarian duoc tim bang
cach giai nghiém da thuc dac trung cua no:

P(A) = det(C— AI) =0 (4)

Céc vector riéng dugc tinh bang cong <~
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thirc ing véi cdc tri riéng dugc tim bang cong
thure:

Cv, =47, jei0,2} (5)

Néu thoa cac diéu kién trén, cac vector
riéng s€ tao thanh mdt khung truc giao. Khi
d6 co thé lay vector phap tuyén cua diém
dang xét xap xi vector riéng ung voi tri riéng
16n nhit hay 7 ~ v, (h thoa diéu kién sao cho

Ay =max{ﬂ,0,ﬂ,1,ﬂ,z} ).

Hinh 5. Két qua tinh trong tdm va vector phap tuyén
3. TINH CHINH CAMERA
3.1. Chuyén hé toa do

Tay may c6 hé toa do riéng, camera co
h¢ toa do riéng, do do dé robot ¢6 thé hiéu va
gép chinh xac vi tri ctia vat duoc nhan dién tu
camera, ta phai thuc hién tinh chinh. Qua trinh
tinh chinh 14 di tim ma tran chuyén d6i bao gdm
ma tran xoay va tinh tién tir hé toa do camera
vé hé toa d¢ robot, tir d6 ta c6 thé diéu khién
robot gap chinh xéc vi tri vat. Trong nghién ctru
nay str dung phuong phap tim cac diém trung
gian da biét trude vi tri toa do trong ca h¢ toa
dd camera va h¢ toa do robot, tir d6 ta ap dung
tinh toan ma tran dé tim ra ma tran chuyén ddi
tire thong s6 ngoai clia camera.

Mot cach tong quat, dé chuyén mot
diém tir hé toa do nay vé mot hé toa do khac, ta
can tim ma tran chuyén M.

P, =MP,
X Ry R, R; Ty|«x
- Y _ Ry Ry Ry Ty|ly (6)
4 Ry Ry, Ry T,z
L], L0 0 0 1]1],
Trong do:

P, la toa do diém trung gian da biét
trudc trong hé toa do Robot.

P_ la toa do diém trung gian da biét
trudce trong hé toa do Camera.

Ta thdy M c6 t6i 12 an can tim, vi thé
can 12 phuong trinh dc lap dé giai M. Do do, so
diém trung gian toi thiéu can xac dinh 1a 4 diém.

Str dung thuat toan Hough Circle trén
OpenCV dé xéc dinh vi tri tAm hinh tron, tuong
ung tai vi tri tdm hinh tron ta thu dugc cac toa
do thuc trong h¢ toa do camera. Di chuyén
Robot dén vi tri tim hinh tron va doc vé toa do
tuong ng. Phuong phap nay doi hoi dau do
gin trén tool Robot phai di nho, va offset chiéu
dai dau do trong bo thong sd Robot phai chinh
xac. Nhu vy, ta dd tim dugc toa do cac diém
trung gian trong ca hai hé toa do.

Hé phuong trinh (6) 1a mot hé tuyén
tinh binh thuong nén c6 thé chuyén thanh dang
ma tran dé thuan tién tinh toan:

X, [x 52000000100 [R,
Y 0 00xy,2z000010 ||R,
Z, 0 00000O0xyz001|R;,
X, X, 2,00 0000100| R,
Y, 0 00xy,2z000010(R,
Z, :0 00000x,y,z,0 01| R 7)
X, X, 3,200 0000100 || Ry,
Y, 0 00xy,2000010|R,
Z, 0 00000O0Xxy,z2001(|R,;
X, X, »,z200 00001007,
Y, 0 00xy,2z000010(7T,
1Z,] [0 00000 x,9,2,001] 7, |
& A=BK
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Vay M c6 thé dugc tim qua cac gia tri
cua vector K:

K=B'A @®)
3.2. Tinh to4n vén toc di chuyén cia vat

Qua trinh tinh toan van tdc duge kich
hoat qua diéu kién “Check speed”. Chuong
trinh s& lién tuc lay dir liéu vi tri va thoi gian
ctia d6i twong trén bang tai. Khi két thiic qua
trinh nay s& tién hanh tinh ra van toc cua bing
tai qua hdi quy tuyén tinh. Gia tri van toc duoc
cap nhat Ién hé théng dé dung cho cac muyc dich
tinh toan khac.

Ta gia dinh viéc setup van tdc bang tai
dugc thue hién qua nim xoay bién tré va trong
qua trinh hoat dong, van toc bang tai khong ddi
boi cac diéu kién khac nhau. O ph’?m trudc, viéc
tién xtr 1y anh dwa ra dugc cac ddi twong trén
bang tai, ta c6 thé tim duoc tim cia ddi tugng
d6 qua viéc tinh cdc moment anh & mdi thoi
diém khéc nhau.

Khi mot d6i twong di chuyén trén bang
tai, vdi van toc v 1a hang so, ta cd phuong trinh:

X=vt+x, 9)
Tur do, ta thu thap dugc bang s liéu sau:

Bdng 1. Bang s6 liéu thu thip

Vi tri Thoi gian
X1 T1
X2 T2
X4 T4

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

Do hé théng tach biét ving lam viéc cua
camera va vung lam vi¢c cua robot nén vi¢c
xac dinh van toc clia cua bang tai hét sirc quan
trong. N6 12 mot thong s6 quan trong dé xac
dinh vi tri cuia vat theo thoi gian va phai co sai
s6 nho dé dam bao robot c6 thé bat chinh xac
duoc vi tri ctia vat. Bé xac dinh chi tiéu nay, ta
str dung thém mot encoder ngoai hé thong va
cho bang tai chay & cac muc véan téc khac nhau
dé tién hanh so sanh két qua.

4. THU'C NGHIEM

Qua trinh thuc nghiém dugc thuc hién
trén robot Nachi 6 bac tu do, camera Kinect
duogc dat trén cao. VAt can gip di chuyén trén
bang tai nhu hinh 6. Téc d¢ di chuyén ctia bang
tai 1a Smm/s. Bang tai khong dung trong sudt
qua trinh gap.

Camera

Hinh 6. Moi truong thuc nghiém

Cho vat di chuyén trén bang tai, Kinect
lién tuc thu nhan dir liéu, déng thoi thuc hién
cac budc filter dé tach vat ra khoi nén. Khi da
dir liéu nhu yéu cau, chuyén sang cac thuat toan
wdc luong vi tri cua vat. Hién thi vat d nhan
dién duoc cung vector phap tuyén ciia bé mit
gdp. Nhan dién vi tri cta vat trén bang tai (cac

thong s6 X, Y, Z, Roll, Pitch, Yaw) nhu hinh 7. <~
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Ghi nhén vi tri ban du cua vt trén bang
tai théng qua Encoder. Di chuyén robot dén
diém doi tracking. Khi vat di chuyén dén diém
doi tracking, ra 1énh cho robot thuc hi¢én bam
theo theo va gip vat. Sau kh1 gip, di chuyen vat
dén vi tri lap. Xoay vat vé dung goc va lap vat
vao dé nhu hinh 8. Thoi gian xtr 1y ciia hé thong
dugc thé hién & bang 2.

| -l.f‘l?; 3

1.

Hinh 7. Hinh thuc nghiém tinh todan vi tri va huéng
vdt di chuyén trén bang chuyén

Hinh 8. Két quda lap ghép

Bdng 2. Thoi gian xit Iy ciia hé thong

Tinh toan vi tri Robot di
STT . ‘ 2
goc (ms) chuyén (s)
1 50 30
2 45 27
3 55 29
4 42 32
5 48 35

Nhdn xét:

* Hé théng hoat dong tt d6i voi cac vat
can gap di chuyén ¢ vi tri khac nhau.

* Thoi gian xur Iy anh téng cong khong
vuot qua 55ms, ing dung c6 thé chay thoi gian
thuc rat tot.

* Thoi gian thyce thi ctia robot trung binh
khoang 32s phu hop voi tac vu lap rap nhanh
trén bang chuyén.

5. KET LUAN

Nghién cuu da trinh bay mot phuong
phap hiéu qua dé tw dong hoa qua trinh 1ip rap
vat trong day chuyén san xuit bang cach sir
dung cong nghé xtr Iy hinh anh va tay méy cong
nghiép. Qua thuc nghiém c6 thé thiy phuong
phap co thé thay thé viéc lap rap thii cong hién
nay cta ngudi lao dong, ting niang suit cho qua
trinh 1ap rap cling nhu bao vé stc khoe ngudi
lao dong t6t hon. Cach lam ciing don gian va dé
thuc hién ciing nhu dé bao tri. bé tang do chinh
xéc, hé thong camera c6 thé dé dang thay doi.

Loi cam on:

T61 xin cam on Truong Pai hoc Bach
khoa, Pai hoc Qubc gia Thanh phd HO Chi
Minh d3 ho tro thoi gian, phuong tién va co so
vat chat cho nghién ctru nay.

Xung dot lgi ich:
Téc gia xin cam doan rang khong co6
bat ky xung dot lgi ich nao trong cong bo bai

bdo. %

Ngay nhan bai: 12/11/2025
Ngay phan bién: 24/11/2025
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