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TOM TAT

Bai bdo nay trinh bay mét hé thong thi gidc robot dwoc phdt trién nham tw dong cap phéi
cho may tién CNC. Hé thong phan cirng bao gom camera 3D RealSense gin trén canh tay robot
Igus véi 5 bdc tw do. Phan mém diéu khién dwoc xdy dung dwa trén cong nghé xir Iy anh 3 chiéu két
hop hoc sau. Camera 3D thu nhdan hinh anh cac doi twong duwoi dang dam may diém, tir d6 thudt
toan thi giac 3D dwoc phat trién dé xac dinh chinh xdc vi tri va hwong cua vat thé. Céc thong tin
nay dwoc s dung dé diéu khién robot thuwe hién thao téc gcfp va ddt vt thé vao vi tri xac dinh trude.
Tinh kha thi va hiéu quad ciia hé thong da dwoc xdc minh théng qua thiee nghiém. Két qua cho thdy
hé thong cé thé gap va dat chinh xdc cdc vit thé dwoc sdp xép ngau nhién trong khéng gian lam viéc
cua camera 3D.

T khéa: Robot gap vit; Xir Iy anh 3 chiéu; Cong nghé hoc sau; Pinh vi doi twong; Cap
phoi ty dong.

ABSTRACT

This paper presents a robotic vision system for automatic workpiece feeding on a CNC
lathe. The hardware setup includes a 3D RealSense camera mounted on a five-degree-of-freedom
Igus robotic arm. The control software is developed using 3D image processing and deep learning
technologies. The 3D camera captures point cloud data of objects, and a 3D vision algorithm
is employed to determine their position and orientation. This information is used to guide the
robotic arm to accurately pick and place the objects at predefined locations. The feasibility and
effectiveness of the developed system are validated through experiments. Results show that the
system can accurately handle randomly positioned objects within the camera’s workspace.

Keywords: Robotic bin picking, 3D image processing; Deep learning; Object localization;
Automated workpiece feeding.
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1. PAT VAN PE

Trong nganh cong nghi¢p hién dai,
canh tay robot duoc Gmg dung rong rii dé thay
thé con ngudi trong cac coéng viée nhu dong
goi, cap phoi, gia cong va lap rap. Trudc nhu
cau xir Iy cac san pham c6 hinh dang phtc tap
ngdy cang ting, robot can c6 do linh hoat va da
ning cao dé dap ung san xuat nhanh, hiéu qua
va dé dang tuy chinh cho nhiéu loai san pham.
Mot trong nhitng giadi phap hiéu qua la tich hop
hé thong thi gidc mdy tinh vao canh tay robot

[1].

Tuy nhién, vi¢c xac dinh vi tri va huéng
ctia vat thé trong khong gian 3D van 1a mot
thach thic 16n. Nguyén nhan chi yéu do dit
liéu dau vao tir camera chi cung cip thong tin
khong diy du hodc bi che khuat. Ngoai ra, cac
vat thé co thé dugc dat ngiu nhién, tham chi
tiép xtic hodc chdng 1én nhau, lam phirc tap qua
trinh nhan dang. Dé giai quyét van dé nay, cac
hé thdng thi giac 3D di duoc tich hgp nham hd
trg nhan dang va dinh vi vét thé nhanh chong
va hiéu qua, phuc vu qua trinh giap — dit bang
robot [2-7].

Céc hé thong thi giac 3D truyén thong
thuong sir dung camera 3D chuyén dung nhu
camera 4nh sang cdu trac hodc ToF (Time-of-
Flight), dugc gan truc tiép trén robot. Nhiing
camera nay gitp thu thap thong tin chiéu sau,
tr d6 xac dinh chinh xéc vi tri, huéng va hinh
dang ctia vat thé, ké ca khi duoc sip xép ngau
nhién. So v&i hé thong thi giac 2D, giai phap
nay mang lai hi€u quéa vuot trdi trong cac moi
truong phuc tap [2].

Hién nay, cong nghé thi giac 3D tich
hop Al dang tao ra bude dot pha 16n, gitp robot
tuong tac tinh vi hon v6i moi truong. Bang cach
két hop dir liéu do sdu véi cac thuat toan hoc

may tién tién, robot ¢6 thé nhan dang va thao
tac chinh xac vé&i cac vat thé trong moi trudng
khong cau triic, nhu thing chira. Cong nghé
nay lam ting dang ké hiéu suit va do chinh xac
ctia cac hé thong tu dong hoa trong san xuét
hién dai [3-7].

Mic du ca thi giac 3D truyén thong va
thi giac 3D tich hop AI déu c6 thé dugc tmg
dung trong bai toan gip — dat, diém khac biét
16n nhét ndm ¢ kha nang xir Iy méi truong phiic
tap va thay doi lién tuc. Cong nghé truyén thong
gip khé khan khi d6i mat v6i vat thé co vi tri,
huéng khong ¢ dinh, trong khi cong nghé dua
trén Al lai c6 kha ning hoc va thich tmg tdt,
mang lai tinh linh hoat cao hon.

Bai bdo nay dé xuat mot hé thong két
hop xtr Iy anh 3D véi cong ngh¢ thi gidc may
tinh dya trén Al dé giai quyét bai toan cap phoi
tu dong cho may ti¢n CNC. B cuc bai bao
nhu sau: Phan 2 trinh bay tong quan hé thong.
Phan 3 mé ta phuong phap nhan dang va dinh
vi vat thé. Phan 4 gidi thiéu céc thi nghiém va
két qua. Cudi cung, phan 5 1a két luan va dinh
huéng phat trién tiép theo.

2. TONG QUAN HE THONG

Hinh 1 minh hoa hé théng robot cip
phoi tu dong duoc xay dung trong nghién ctu
nay. Hé théng s dung cénh tay robot Igus
Robolink DCI-5S-M véi 5 béc tu do, c6 tam
vo1 680 mm, dJ chinh xac 0,5 mm va kha nang
tai 0,5 kg. Camera 3D Intel RealSense D435i1
dugc gan ¢ dinh trén robot, hd tro thu nhan
hinh anh véi d6 phan giai RGB 1920 x 1080 &
30 FPS va do phan giai chidu sdu 1280 x 720 ¢
30 FPS, trong pham vi do tir 0,2 m dén 10 m.

Vi tri va hudng cua vat thé duoc xéac
dinh thong qua thuat toan nhan dang va dinh vi
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3D dua trén cong nghé tri tué¢ nhan tao. Sau do,
bo kep gan trén tay robot s€ dugc di¢u khién dé
gap va dat vat thé vao vi tri xac dinh trudc.

Canh tay robot

Phanmém
diu khién

Hinh 1. Hé thong thi gidc robot cdp phéi t dong
cho may tién CNC.

3. PHUONG PHAP NHAN DIEN VA XAC
PINH VI TRi CUA VAT

Hinh 2 m6 ta quy trinh gdp va dit phoi
sir dung hé thong thi giac cap phoi tu dong
duogc phat trién. Khi hé thong khoi dong, phan
mém s& tién hanh khoi tao camera 3D, két ndi
véi robot, tai cac cdu hinh cai dat va khéi dong
thuat toan hoc sdu YOLOv11 [8]. Sau khi hoan
tat, robot s& di chuyén dén ving lam viéc dé
nhan dién cac phoi.

Dir liéu dau ra tir camera 3D bao gdm
thong tin mau sic (RGB) va dit liéu do sau.
Qua trinh nhan dang va dinh vi vi tri phoi dién
ra theo hai budc:

- Budce 1: Xac dinh vi tri ban dau cua
phéi. Anh RGB dugc xtr Iy bang thuit toan
YOLOv11-OBB d¢ phat hién ving chira phoi.
Sau d6, ving anh twong tng duoc két hop véi
anh d6 sau dé tao dam mAay diém cta phoi.
Trong tdm cua ddm may diém duoc sit dung
1am vi tri gép.

- Budc 2: Xac dinh chinh xac vi tri va

hudng gép. Robot dugc diéu khién tiép can gan
hon véi phoi dua trén dir ligu thu dugc & budc
1. Qua trinh trich xuit ddm may diém duoc lap
lai dé nang cao do chinh xac. Hudng gip dugc
tinh toan dua trén cac truc chinh cua hinh hop
bao dinh huéng ciia ddm may diém.

Hinh 2. Thudt todn diéu khién robot gdp va ddt
phoi tién.

3.1. Phat hién phéi sir dung YOLOv11-OBB

YOLOv11 1 phién ban méi nhét trong
chudi cac md hinh YOLO (You Only Look
Once) do Ultralytics phat trién. M6 hinh nay
cai tién hiéu suit va do chinh xac trong nhan
dang vat thé, dong thoi t6i vu tai nguyén tinh
todn so voi cac phién ban trudc.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 327, thang 4 nim 2025  WEEE)
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU'U - TRAO PO

YOLOv11-OBB (Oriented Bounding
Box) 12 bién thé dic biét duoc thiét ké dé phat
hién cac vt thé khong thang hang véi truc hinh
anh — déc bi¢t hitu ich trong cac tng dung nhu
anh v¢ tinh, anh cong nghiép. M6 hinh str dung
dinh dang bao vt thé bang 4 diém goc, cho
phép nhan dién chinh xac hinh dang va huéng
cua vat.

Mo hinh nay déac biét hi€u qua trong
viéc xur ly cac nhi¢m vu nhan di¢n vat thé phuc
tap trong moi trudng ma cac vt thé nhu bé
chtra, duong 6ng va tau dugce quan sat tir trén
cao, lam cho nd 1y tudng cho cac nganh nhu
quy hoach d6 thi, giam sat co so ha tang, va
quan 1y cang bién. Kha ning xir Iy va nhan dién
vat thé tir cac goc nhin khac nhau cho phép dat
duoc két qua nhan dién chinh xac va dang tin
cdy hon, diéu nay rat quan trong cho viéc giam
sat va quan ly hiéu qua.

YOLOVI11-OBB ¢6 céu triic bao gdm
cac 16p tich chap va cac khéi chuyén biét
nhu C3k2 va SPPF (Spatial Pyramid Pooling
— Fast), dugc t6i wu hoa dé tap trung vao cac
ving quan trong trong anh. Diéu nay gitp mé
hinh khéng chi chinh xac ma con hiéu qua vé
mit tinh toan. Két qua nhan dién phoi sir dung
YOLOv11-OBB duoc thé hién trong hinh 3.

Hinh 3. Két qua nhén dién phéi sir dung
YOLOv11-OBB.

3.2. Trich xuét dim may diém ciia phoi

Vung 4nh phoi phat hién trong énh
RGB s¢ dugc dung lam mat na dé trich xuét
dam may diém tuong Gmg tir anh do sau. Sau
d6, dam may diém dugc iy mau nham giam s6
luong diém, dong thoi loc nhidu bing phuong
phéap théng ké [9] st dung thu vién Open3D
[10].

Tiép theo, mot hinh hop bao dinh
huéng dugc tinh toan tir ddm may diém. Cac
truc chinh cua hinh hdp nay dai dién cho cac
huéng gap vat (hinh 4). Vi tri gip vat duoc xac
dinh la trong tam ctia ddm may diém.

Hinh 4. (a) Pam mdy diém cua phéi; (b) Hinh hép
bao dinh huéng ciia dam may diém.
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3.3. Hiéu chuan toa d¢ robot va camera

Hiéu chuan “eye-in-hand” 1a k§y thuat
thuong dung trong cac hé thong thi gidc gin
trén tay robot. Muc ti€u 1a xac dinh chinh xac
quan hé hinh hoc gitra hé toa d§ cia camera va
hé toa d cua tay robot.

Cac budc hiéu chuan nhu sau:

- Budgc 1: bat mot bang checkerboard
coO dinh trong khong gian; di€u khién robot dé
camera quan sat toan bd bang.

- Bude 2: Ghi nhan anh va toa do goc
Euler ctia robot tai mdi lan chup.

- Bu6c 3: Dung OpenCV [11] dé tinh
toan vi tri checkerboard trong hé toa d camera,

checkerboard

thu dugc tap ma trén twong tng: T_
-Budc4: Turtoadd vagdc quay ciatay robot,
A N , end-effector
tinh todn tap ma trén twong img: T, t
- Buéc 5: Dung cong cu hiéu chudn
trong OpenCV dé tinh ra ma tran chuyén doi
gitra hai h¢ toa do.

3.4. Diéu khién robot

Hé théng st dung giao thic CRI
(Common Robot Interface) dé giri 1énh diéu
khién robot. Pay 1a mot chuan giao tiép hd tro
tich hop cac robot cong nghi¢p khac nhau véi
hé théng didu khién.

CRI gitip cac k¥ su phat trién cac ung
dung diéu khién va giam sat robot mot cach
linh hoat, nhanh chong va hi¢u qua hon. Giao
dién diéu khién tich hop giita robot va camera
duoc thé hién trong hinh dudi.

Giao dién diéu khién robot va camera
duogc thé hién trong hinh 5.

=

Hinh 5. Giao dién diéu khién robot va camera.
4. KET QUA THU NGHIEM VA BAN LUAN

Quy trinh thyc nghiém bao gdm cac
budce: chuan bj hé théng, thu thap dir liéu, nhan
dang va hi¢u chuan. Hé théng duoc két ndi va
cai dat cac phan mém CPRog va OpenCV dé
1ap trinh va xtr 1y dit liéu. Camera 3D tién hanh
quét bé mat ving 1am viéc, thu thap anh RGB
va dir liéu d6 sau. Sau do, thuat toan YOLOv11
dugc sir dung dé nhan dang phoi, trong khi thu
vién Open3D xir Iy dam may diém va xac dinh
vi tri ciia phoi trong khong gian.

Céc du liéu toa do sau khi xur ly duogc
chuyén doi sang hé toa d6 cua robot thong qua
budc hiéu chuan. Qué trinh nay gitp nang cao
d6 chinh xac va do 6n dinh cua hé théng. Phoi
st dung trong thi nghiém dugc lam tir nhya
POM, c6 kich thuéc dudng kinh 2 cm va chiéu
dai 10 cm. Tong sd 1an thuc nghiém 14 100.

Hinh 6 thé hién két qua xac dinh vi tri
va hudéng cua phdi trong truong hop chi st
dung “Budc 1 — Xac dinh vi tri ban dau”. Hinh

7 minh hoa két qua twong tng trong trudng hop &
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st dung ca “Budc 1 — Xéc dinh vi tri ban dau” va “Budc 2 — Xac dinh chinh xac vi tri va hudng
gap”. Do 1&ch chuan vé vi tri va gbc dinh hudng (géc Euler) trong hai truong hop nay dugce tong
hop trong Bang 1.

(a) (b) (c)

= = T

Hinh 6. Két qua xdc dinh vi tri: x — (a), y — (b), z — (c) va hwéng ciia phéi: Pitch — (d), Roll — (e), Yaw — (f)
trong truong hop chi sw dung Buoc 1.

(@) (b) (c)

@ @ ®

Hinh 7. Két qua xdc dinh vi tri: x — (a), y — (b), z — (c) va hwéng ciia phéi: Pitch — (d), Roll — (e), Yaw — (f)
trong truong hop s dung cd Buoc 1 va Budc 2.

Bang 1. Bé léch chuan vé vi tri va hudng gdp phéi.

. N P 1éch chuén
Bude thyc hién T
) : X (mm) y(mm) | z(mm) | Pitch (rad) @ Roll (rad) | Yaw (rad)
Buéce 1 0,65 0,32 1,37 0,1342 0,0141 0,0148
Budce 1 + Budce 2 0,33 0,17 0,35 0,0311 0,0117 0,0065

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 327, thang 4 nim 2025
cokhivietnam.vn / tapchicokhi.com.vn

402




NGHIEN CU’U - TRAO BOI

Két qua thuc nghiém cho thiy ring viéc
st dung thuat toan YOLOv11-OBB trong giai
doan dau giup phat hién nhanh viing phéi trong
anh RGB, tuy nhién do chinh xac van con han
ché do anh hudng cua d6 phan giai chiéu sau,
su nhiéu tir mdi trudng hoic do twong phan
thap giita phoi va nén. Diéu nay ly giai vi sao
d6 1éch chuén & bude 1 con tuong ddi 16m, dic
biét theo truc z va goc Pitch. Viée tiép can gan
hon phéi trong budc 2 khong chi cai thién chat
luong anh d¢ sdu ma con giup tang mat do
diém trong ddm may diém, tir d6 tang d6 chinh
xéac khi trich xuat hinh hop bao dinh hudng.
Nho vay, sai s6 vé vi tri va hudng gip da duoc
giam dang ké, dac biét trong cac thong s6 Pitch
va Yaw — von anh huong 16n dén thao tac gip
chinh xéc cta robot.

Diéu nay nhén manh vai trd cta viéc
két hop thi giac v6i thuat toan di chuyén thong
minh cta robot trong cac tmg dung thuc té:
thay vi chi dua vao mot 14n nhén dién tr xa, hé
théng duogc thiét ké dé 1am giau thong tin qua
tiép can gan, gop phan cai thién hiéu suat tong
thé. Ngoai ra, hé thong thé hién tinh linh hoat
t6t khi 1am viéc v6i cac vat thé dugc dit ngiu
nhién trong ving lam viéc — diéu ma cac giai
phap thi giac truyén thong gap nhiéu kho khan.
Day 1a tién dé quan trong cho viéc ap dung hé
thdng vao cac day chuyén san xuét c6 tinh bién
dong cao, san xuét theo 16 nho hodc san phém
tuy chinh.

Tuy nhién, van ton tai mot s6 han ché
can dugc khac phuc trong tuong lai, bao gom:

* Tang cuong tinh 6n dinh cta viéc hi¢u
chuan gitra hé tga do camera va robot trong cac
dicu kién anh sang thay doi.

« Rt ngan thoi gian xir Iy bang cach tdi
uu thuat toan va tan dung GPU hiéu qua hon.

« Kha ning phat hién cac vat thé c6 hinh
dang phuc tap hodc bi che khuét mot phﬁn.

Nhiing cai tién nay sé gitip hé thong
hoan thién hon va dé dang ung dung trong cac
m01 tru’orng cong nghiép thuc té voi yéu cau cao
vé hiéu suét va do tin cay.

5. KET LUAN

Bai bao da dé xuit va phat trién mot hé
thong cap phoi tu dong cho may tién CNC, st
dung canh tay robot 5 bac tu do tich hop camera
3D va céc thuat toan hoc sau. Hé thong ap dung
mo hinh YOLOv11 dé nhan dang phoéi tir anh
RGB, déng thoi sir dung thu vién Open3D dé
xt 1y ddm may diém va dinh vi chinh xac vat
thé trong khong gian 3D. Ngoai ra, k¥ thuat hiéu
chuin “eye-in-hand” gitp d@)ng bo hé toa dd
giita camera va tay robot, cho phép diéu khién
chinh xac cac thao tac gip — dat. Két qua thuc
nghiém cho théy hé théng hoat dong 6n dinh va
dat do chinh xac cao, dac biét sau khi thuc hién
budc tiép can gﬁn vét thé dé tinh chinh vi tri va
huéng gap. Hé théng dugc phat trién khong chi
g6p phan nang cao hiéu qua ty dong héa trong
gia cong co khi ma con co tiém nang mo rong
sang cac ing dung san xuat thong minh khac
trong tuong lai.

Lo1i cam on:

Bai bao duoc thuc hién trong khudn
khé dé tai: “Nghién ctru va phat trién hé théng
diéu khién robot cong tac tich hop thi gidc may
tinh va tri tu¢ nhan tao”, ma s6 B2024.BKA.09.
Nhom nghién ctu xin tran trong cdm on B
Gido duyc va Pao tao da tai trg cho nghién cuu
nay. %
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