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TOM TAT

Bai bdo nay dé xuét giai phap thi giac may don (Monocular Vision) tich hop trén robot céng nghiép

nham xac dinh vi tri va tw thé khéng gian cia vat thé trong méi truong lam viéc phi cau tric. Thach thirc
I6m nhét dbi véi camera 2D la sai s6 do bién dang phdi canh khi truc quang hoc khéng vuéng géc véi bé
mat vat thé. Bé gidi quyét van dé nay, nghién ctu xay dung thuét toan dwa trén ma tran déng nhét
(Homography) dé wéc lwong chinh xéc géc nghiéng (Tilt Angle) gitia truc camera va phép tuyén mét
phang, déng thoi tinh toén khodang cach va do léch ngang (Lateral Offset) dwa trén mé hinh Pinhole. Hé
théng duoc trién khai trén nén tdng ROS (Robot Operating System) voi kién truc phan tan
Publisher/Subscriber, cho phép tach biét Iuong x ly édnh va Iuong diéu khién déng hoc. Két qua thuc
nghiém trén robot Niryo Ned 2 v&i cac véat thé hinh hoc co ban cho thdy hé théng hoat dong én dinh theo
thoi gian thuc (30Hz), sai s6 woc lugng khodng céach dudi 2% va xac dinh chinh xac géc nghiéng dé robot
thue hién bu trir tu thé tiép cén. Gidi phép nay mang lai hiéu qua cao vé chi phi va kha néng tich hop cho

céac (g dung tw dong héa trong céng nghiép mé.

Twr khéa: ROS, thj giac may, wéc lugng goc lIéch, Robot céng nghiép, Visual servoing.

1. DAT VAN BE

Sw phat trién clia thé hé robot théng minh
(Intelligent Robots) dang danh dau bwdc chuyén
dich quan trong tir cac day chuyén san xuat cb dinh
sang cac mdi trwdng lam viéc phi cau tric va linh
hoat. Trong béi cdnh nay, kha ndng tw dong nhan
dang va thao tac véi vat thé (object manipulation)
dwa trén cac cdm bién la y&u cau cbt 16i. Khac voi
céac robot céng nghiép truyén théng chi thuc hién
chu trinh 13p lai tai cac toa dd dwoc lap trinh sén,
viéc tich hop thi giac may vao vong diéu khién cla
robot théng minh giup robot thich tng linh hoat v&i
sy thay ddi vi tri va tw thé ngau nhién cta cac dbi
twong thao tac [1].

Dé giai quyét bai toan tri giac cho robot, cac hé
thdng camera 3D ho&c cam bién d6 sau (Depth
sensor) thwéng dwoc xem |a gidi phap téi wu vé do
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chinh xac khéng gian. Tuy nhién theo cac danh gia
tbng quan, rao can Ién nhat cla céac thiét bi nay 1a
chi phi dau tw cao va yéu ciu tai nguyén tinh toan
I&n dé x& ly lwong di liéu 1&n, gay kho khan cho
viéc trién khai dai tra trén cac robot dich vu hodc
robot cong nghiép c& nhdé [2, 3]. Ngwoc lai, gidi
phap si¢ dung Camera don 2D (Monocular
Camera) mang lai loi thé vwot troi vé& chi phi thap,
tinh nhd gon va kha nang tich hop dé dang.

Tuy nhién, thach thirc ky thuat I&n nhat khi
&ng dung camera 2D trong diéu khién robot khéng
chi 1a thiéu hut théng tin chidu sau, ma la sai s6 do
goc léch clia camera. Trong thuc té van hanh, khi
canh tay robot tiép can cac vat thé, chi tiét trong
moi trreong lam viéc, truc quang hoc cla camera
hoan toan c6 thé khéng vuéng goc véi mat phang
nhan dang, thao tac trén vat thé. Diéu nay gay ra

SO 5-2026 m



Q CO KHi, PIEN - BDIEN TU - TU BONG HOA

CONG NGHIEP M0

hién twong bién dang phdi canh (Perspective
Distortion), cac vat thé hinh vubng, hinh chir nhat
bi nhin thanh hinh thang, hinh tron thanh hinh elip.
Néu khéng xac dinh dwoc géc nghiéng nay, robot
sé tiép can vat thé sai hwéng dan téi cac sai sot
khi thwe thi cac tac vu trén vat thé nhw va cham,
kep |éch, kep trwgt, khoan nghiéng ...

Trong cac phwong phap xt ly anh hién dai,
mac du cac md hinh hoc sau (Deep Learning) nhw
YOLO hay SSD cho két qua nhan dang tét, nhung
ching thwdng doi héi tap div liéu huén luyén 16n va
hoat ddng nhw mot hop den, khé trich suéat chinh
xac cac théng tin hinh hoc 3D tir hinh anh 2D bi
bién dang [4]. Dbi v&i bai toan dinh vi vat thé theo
hinh dang trong cdéng nghiép, cac thuat toan thi
gidc may truyén thdng van chirng té dwoc hiéu qua
cao nho dd tré thap va tinh 6n dinh. Cu thé, thuat
toan phan tich dwéong bién [5, 6] cung cap co s&
toan hoc vitng chac dé xac dinh bién dang va
hwéng truc chinh ctia vat thé ma khéng can phan
clng x&r ly d6 hoa (GPU) dét tién véi nhivng thuat
toan phuec tap.

Xuét phat tir cac phan tich trén, nghién ctu
nay dé xuat mot gidi phap dinh vi va diéu khién
robot dwa trén thi giac may trén nén kién tric ROS.
Nghién ctru tap trung vao hai muc tiéu la xay dwng
thuat toan nhéan dang va tinh toan dé léch tw thé
cho céc vat thé hinh hoc co ban va déng thoi thiét
ké giao thirc diéu khién thei gian thuc dé robot tiép
can va twong tac chinh xac véi muc tiéu. Hé théng

//
_//" plu,v)

Hé truc ¥
toa do

anh

a. :
Hinh 1. Mé hinh may anh 16 nhé (Pinhole Camera Model) va twong quan toa dé cta vat va anh
trong thi giac may tinh
Xét mot diém M trén vat cé toa dd (Xc, Yc, Zc) trong hé quy chiéu gén véi camera (hé truc toa do may
anh) - hinh 1b, hinh chiéu cGa né trén mat phang ctia cdm bién (mé&t phdng anh) Ia diém p cé toa dd pixel
(u, v). M6i quan hé anh xa trong khéng gian anh dwoc biéu di&n qua phwong trinh:

F-r
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st dung co ché diéu khién vong kin dwa trén thi
giac (Visual Servoing) [7] két hop véi kién tric
Publisher/Subscriber [8] cia ROS (Robot
Operating System) dé tinh toan bu trir khoang léch
goéc nghiéng theo thoi gian thuc dam bao co ciu
chép hanh clia robot luén tiép can vuéng goc voi
bé& mat can thao tac trén vat thé. Hé thdng dwoc
kiém ching trén mé hinh canh tay robot 6 bac tw
do Niryo Ned 2, nham danh gia tinh kha thi va do
chinh xac cta giai phap thj giac may chi phi thap
trong cac tac vu thao tac théng minh.

2. DU LIEU VA PHUONG PHAP NGHIEN CUrU
2. 1. Co sé toan hoc va mé hinh hé théng

Viéc diéu khién robot dwa trén thi gidc may doi
hdi sw chuyén dbi chinh xac gitra cac khéng gian
toa do: tr khong gian diém anh 2D trén cam bién
camera sang khong gian 3D cla méi treeong thye
té va cudi cung la khéng gian khép clia robot.

2.1.1. M6 hinh camera va ma tran camera

Dé thiét lap mbi quan hé hinh hoc gitra vat thé
trong khéng gian 3 chiéu va hinh anh thu dworc,
nghién ctru st dung mé hinh may anh 16 nhé -
Pinhole Camera Model (Hinh 1). Bay Ia md hinh ly
twédng md ta cach thirc hinh anh cuia vat thé thuc
dwoc hién thi 1én trén man anh (sensor) cla
camera.

L]
J} Heé truc
X v -
L 3 toa dd
anh Ll
cua «. may anh
- Z
Ma tran tham s&
(ndi) cua camera
¥
l X
Ma trin tham sé

(ngoai) cia camera HE truc toa d6_

thuee te (vat thé)

b

Xc
Ye
Zc

ey
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trong do: s - 1a hé sb i 1&, twong (rng véi d6 sau
Zc cla diém anh
K - Ia ma tran tham sé néi (ma tran
néi quan - Intrinsic Matrix) cua
camera, d&c trung cho cac théng sb
qguang hoc va hinh hoc bén trong cla

camera.
K
X 0 CX
= [0 fy cyl
0o 0 1

voi £, f, 1a tieu cy twong dwong cla camera
theo chiéu cao va chiéu rong cta khung hinh
(thwong 18y xap xi bang nhau); ¢y, ¢, |a toa d6 cla
tdm quang hoc trén man anh — dac trwng cho hé
truc toa do clia tAm anh theo don vj pixel.

2.1.2. Chuyén déi toa dé

Dé robot c6 thé twong tac voi vat thé, toa do
clia vat ghi nhan duwoc tir may anh sé can dwoc
chuyén tr hé toa d6 clia may anh {C} sang hé truc
toa d6 co s& cua robot {O}. Qua trinh nay dwgc
thwc hién thong qua ma tran tham sb ngoai cua
camera twong tw nhw mdé hinh s¢ dung ma tran
chuyén vi trong ddng hoc thuan clia canh tay robot:
Xc
Ye
Zc
1

0P=0TC><CP:[1(} HE 3)

Trong do:

op _ |3 toa d6 cla diém P trong hé truc toa dd
{O} cua robot

0T, — la ma tran chuyén dbi tir hé truc toa d6
clia camera {C} vé hé truc toa d6 cla robot {O}

Anh thu dugc

Cam bién
Camera

Hinh tron - Elip

A (Phap tuyén)

Goc nghiéng
(Orientation
Offset)

CP — |a toa d6 cla diém P trén vat thé trong hé
truc toa do clia camera

R — 1a ma tran quay, biéu dién hwéng cla
camera so v&i hé truc toa do clia robot

t — la toa do clia tam camera (tam hé truc toa
do clia camera {C}) trén hé toa d6 cua robot

Biéu dién toan hoc cla R va t lan lwot la cac
ma tran c& 3x3 va 3x1:

Xcx  Yex  Zex
(2) R=|Xcy Ycy ZCyl ; t=
Xcz Yecz Zcz
Cx
Cy (4)
G,

2.1.3. Xac dinh khoang cach

Trwéce khi xac dinh goéc nghiéng, khoang cach
tlr camera t&i vat thé (D) dwgrc wéc lvgng dya trén
mo hinh tam giac déng dang cla thau kinh (hinh
1a) — mo6 hinh camera 16 nhé (16 kim) — Pinhole
Camera. Dva trén kich thwédc thue té da biét cda
vat thé W, va kich thwdc anh thyc té thu dwoc W,
khoang cach D twong tng v&i Z:. dwoc tinh theo
cbng thwre:

_ f
D-Mxm

_ f-hs
=W, x P (5)

v&i: ha la d6 cao anh theo pixel; hs 1a d6 phan
gidi theo chiéu cao cia cdm bién, pixel; Ws 1a chiéu
cao thuec clia cdm bién may anh, mm.

Sai sb ctia phép do nay phu thudc vao dd sac
nét cla bién dang vat thé trén anh.

2.1.4. Xac dinh géc nghiéng cua camera

Anh thu duoc trén cam bién
(Image Plane View)

Hiéu g Keystone
Cam bién

Goc nghiéng \ O
(Tilt Angle)

Mat phang vat thé

vat thé (Object Plane)

Mat phang vat thé
(Object Plane)

Vat thé
(Hinh vuéng)

Hinh 2. M hinh sai s géc nghiéng o cia camera gay ra bién dang hinh anh

Khi truc quang hoc cia camera khong vudng
goc véi mat phang cta vat thé, hinh anh thu dworc
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sé bi,bién dang nhw mo ta trong Hinh 2: hinh tron
bi bién dang thanh hinh elip (Hinh 1a) va hinh
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vudng bi bién dang thanh hinh thang (hinh 1b),
murc d6 bién dang phu thudc vao dd 16n cla goc
nghiéng.

Dé xac dinh gbéc nghién gitra truc camera
(Z.am) Va phap tuyén di qua tdm clia mat vat thé
(1), nghién cu s& dung ma tran thuan nhéat
(Homography) H. Méi quan hé gitra mat phang vat
thé (Z = 0) va mat phang anh dwoc md ta bdi:

U X
s[ ] =H|Y (6)
1 1 , .

Ma tran H bao gom cac thanh phan tinh tién va
quay H=K[r; 7, t]démo tacach thircchuyén
ddi gitra hai hé truc toa do.

Vector phap tuyén 7 cia mat phéng vat thé
(twong tng truc Z cla vat thé trong hé toa dé
camera) duoc tinh bang tich c6 huwéng cha hai
vector cot dau tién:

n="7 X7 (7

Géc léch a (Tilt Angle/Orientation Offset) can
tim chinh la gbéc gira truc camera K
[ry 1, t]7 va vector phap tuyén 7i:

Messages

:::ROS

Robot Operating System

( k.n ) ®)
a =acosS|\———
Ik mll)

Gia tri o sé dwoc glri t6i bé diéu khién robot
théng qua ROS dé thyc hién cac chuyén vi can
thiet theo md hinh bén dwadi.

2.2. Thiét ké hé thong diéu khién trén nén tang
ROS

Pé hién thwc héa cac thuat toan tinh toan
khoang léch, goc nghiéng va diéu khién robot da
trinh bay & Muc 2, nghién ctru st dung Hé diéu
hanh Robot (Robot Operating System — ROS) lam
nén tang trung gian. Viéc Iya chon ROS dwa trén
kha ndng hd tro phan cirng da dang va kién trac
phan tan manh mé cho phép tach biét hoan toan
khau xt ly thi giac va khau diéu khién dong hoc.
2.2.1. Co’ sé va kién tric cia ROS

Hé théng duorc thiét ké dwa trén mé hinh cua
ROS, trong dé cac tién trinh x& ly dwoc chia nhd
thanh cac nat (Node) déc lap, giao tiép véi nhau
thong qua co ché g théng diép (Message
passing) nhw mo ta trong Hinh 3.

Node

Publication

Publication

Node ’

Subscription

Node ’

Hinh 3. ROS, c4u tric va giao ti€p clia cidc nén tang trong ROS

CAu tric clia hé théng bao gébm hai phan chinh:

1. Vision Node (Nut thj giac): déng vai tro la don
vi thi giac, nat nay chiju trach nhiém:

- Két ndi voi camera dé thu nhan di¥ liéu hinh
anh (Raw Images)

m SO 5-2026

- Thwe hién cac thuat toan tién xt ly (Canny,
Thresholding)

- Tinh toan ma tran ddng nhét va trich xuét cac
tham sb hinh hoc dé xac dinh khoang cach D va
goc nghiéng a.
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2. Control Node (Nut diéu khién): déng vai trd
la don vi hanh déng, chiu trach nhiém:

- Nhan di¥ liéu vé sai sb tir nut thj giac;

- Gidi bai toan dong hoc nghich (Inverse
Kinematics) cho canh tay robot Niryo Ned 2 .

- GWi cac lénh diéu khién xubng cac déng co
servo dé thwc hién quy dao di chuyén.

Trong ndi dung clia nghién ctru nay, chi dirng
& viéc xay dwng nut thj giac, nat diéu khién chi xay
dwng co ché, khoéng thwe hién qua trinh diéu khién.
2.2.2. Giao thirc giao tiép trén ROS

Nut thj giac str dung co ché Publish/Subscribe
dé truyén tai di liéu didu khién théng qua xuét ban
tin nhan tuy bién *.msg trén topic (cht dé). Dya vao
ndi dung x ly ctia nut thj giac, ban tin gvi di sé bao
gdm céc tham sb dinh lwong theo thoi gian thuc
gdm: header (ddng bd), lateral offset (Ay),
orientation_offset (A6), va distance_z (Z;). Thong
thwdng, nat thi giac sé givi (Publish) di liéu véi tan
sb 30Hz.

Nut diéu khién (Control Node) thwc hién diéu
khién canh tay theo thuat toan PBVS (Position-
based Visual Servoing) theo hai giai doan:

- Giai doan can chinh: duy tri d cao (khoang
cach) an toan, thwec hién didu chinh vi tri va géc
xoay dé giam thiéu sai sb Ay va A6, trong d6 wu
tién gia tri A6;

- Giai doan tiép can: khi truc camera da vuéng
géc voi mat phang vat thé, robot ha dan khoang

cach dé tiép can vat thé & dung khoang cach
quy dinh.

2.3. Thwec nghém

2.3.1. Thwec nghiém

Hé théng phan cliring bao gdm canh tay robot
6 bac ty do Niryo Ned 2 va camera don Logitech
duwoc gan cb dinh trén khau cudi theo ciu hinh
Eye-in-Hand (Hinh 4a,b). Dé danh gia dinh lwong
khd nang cla thuat toan thi giac may trong moi
trwrong ROS, nghién ctru xay dwng mot tap di liéu
chuén bao gdm cac vat thé hinh hoc co ban (hinh
tron, hinh tam giac, hinh vuéng, hinh chir nhat)
duoc in trén gidy A4 (Hinh 4c). Kich thuéc thuc té
clia cac mau vat dwoc chuan bj chinh xac nhw sau:

- Hinh tron: dwdng kinh D = 100 mm;

- Hinh tam giac déu, chiéu dai canh
a =100 mm;

- Hinh vuéng: chiéu dai canh a = 50 mm;

- Hinh chi* nhat: kich thwdc hai canh la 80 x
120 mm.

Dinh nghia diém thao tac (Target Point): trong
bai toan diéu khién tiép can, diém dich ma robot
can huéng téi khong phai la bé mét ctia vat thé ma
la mot diém nam trén truc phap tuyén di qua tam
hinh hoc, cach bé mét vat thé mot khodng an toan
Zo, = 200 mm. Khodng cach nay dam bdo cho
camera c6 trwong nhin bao quat dé tinh toan xac
dinh d6 Iéch, can chinh hwédng trwwée khi thwe hién
cac thao tac truc tiép 1én bé mat cla vat thé.

a b

2.3.2. Quy trinh xtr ly anh trén ROS

Ludng x& ly di liéu tai nat thi giac duwoc thuc
hién tuan tw theo 4 bwdc, ddm bao tinh toan theo
thoi gian thwc cac tham sb hinh hoc:

Website: https://tapchi.hoimovietham.vn

. . C.
Hinh 4. Mé hinh thwc nghiém camera trén tay Niryo Ned 2 va tap dir liéu vat thé mau

1. Phan doan va trich xuat: anh dau vao dwoc
xt ly d& phat hién sw hién dién cta vat thé, trich
xuat dwong bién (contour) va phan loai hinh dang
(tron, vubng, tam giac, ch¥ nhat);
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2. Uéc lvong khodng cach Z:: dwa trén kich
thwéc thue té da biét cha vat thé W, kich thuwdc va
do6 phan giai ctia cdm bién, kich thuwéc do dwoc clia
anh trén cdm bién, hé théng tinh toan dwoc khoang
cach tlr camera t&i vat thé theo mé hinh Pinhole
camera.

3. Tinh d6 lIéch ngang (Lateral Offset): xac dinh
d0 sai léch Ay gilra tm quang hoc cla camera va
tam vat thé. Két hop voi Z: ta xac dinh duoc
khoang léch thuc t& gitra tdm camera va diém

thao tac.

4. Tinh géc léch (Orientation/Tilt Angle): nut
tinh toan géc nghiéng o gilra truc quang hoc cua
camera va phap tuyén cia méat phéng chiva vat thé
dua trén ma tran dong nhat (Homography).

3. KET QUA VA THAO LUAN

Céac théong sé tinh toan nhw khoang cach,
khoang Iéch, géc Iéch dwoc hién thj tryc tiép trén
khung hinh clia camera cho phép giam sat két qua

Duong kinh duong tron: 100 mm
Khoang cach: 261.6 mm
Laterol offset: ~20.2 mm

a

triec quan theo théi gian thwe (Hinh 5, Hinh 6),
doéng thei div liéu dworc ddng goi thanh cac tin nhén
dé gi lén cac topic clia ROS twong trng véi hinh
dang vat th& va gia tri xac dinh dwoc (nhw
[circle_distance, /circle_angle ... khi nhén dang
dwoc vat thé hinh tron — hinh 5b). D& liéu duwoc
cap nhatlién tuc véi tan sd cao dam bao do tré thap
cho bo diéu khién (hinh 5c¢).

Két qua xt ly cu thé dbi v&i hinh tron: voi
dwong kinh thyc 100 mm thi khodng cach tw
camera t&i mat phéng chira vat tinh toan dwoc la
261,6 mm, d6 Iéch ngang cla tam camera so vé&i
truc phap tuyén qua tam hinh tron 1a -20,2 mm véi
goc léch gilra truc cam va truc phap tuyén la -5,8°.
Gia tri am 1a do camera dang nam phia dwdi cla
truc phap tuyén va truc quang hoc cla camera
cling dang hwéng xubng phia dwdi. Két qua cho
thay du vat thé bi bién dang nhe thanh hinh elip do
géc nghiéng, thuat toan van tra vé gia tri chinh xac
va bam tbt v&i bién dang ctia vat thé.

.

Hinh 5. Két qua xt ly hinh anh va tinh toan khoang cach déi vé&i vat thé hinh tron trong ROS

Khi thay ddi vi tri ciia canh tay robot va chuyén vat thé can nhan dang sang hinh tam giac, hinh vuéng

va hinh ch¥ nhat, két qua tinh toan dwoc ciing rat chinh xac (Hinh 6), cu thé:

Hinh 6. Két qua xt ly, tinh toan vé&i vat thé hinh tam giac, hinh vuéng, hinh chir nhat trong ROS

m SO 5-2026
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DPbi v&i hinh tam giac: hé théng nhan dang
chinh xac 3 dinh va canh dai 100 mm, tr dé wéc
lwong dwoc khodng cach gitra camera véi vat thé
la 242 mm, sai s vi tri ngang 7,2 mm va géc léch
la 2,1°.

Déi v&i hinh vudng: véi kich thwéc clia canh 50
mm, thuat toan van duy tri d& dn dinh. Tai khoang
cach 230,5 mm, goéc léch tinh toan dwoc la -3,1° va
khodng léch gitra tam camera véi diém thao tac 14 -
10,8 mm. Viéc xac dinh dung géc Iéch nay giup robot
giam dwoc hiéu (rng hinh thang cho anh thu duorc.

D&i v&i hinh chi¥ nhat: day 1a trwong hop thé
hién rd nhat hiéu qua cla thuat toan xac dinh goc
nghiéng. Két qua thwe nghiém cho thay géc léch
I&n dén 12°va dd léch I&n & mirc 42,6 mm. Mac du
dd nghiéng lén gay bién dang dang ké cho hinh
anh thu dwoc, nhung hé théng van wéc lwong
dworc kich thwéc canh 80x120 mm va khodng cach
tlr camera t&i mat phang cla vat thé 1a 264,1 mm
mot cach dang tin cay.

Két qua thwc nghiém trén tap di¥ liéu chuan cho
thdy hé thdng hoat déng 6n dinh trong pham vi
chiéu sau (khoang cach) ttr 200 mm dén 300 mm.
Sai sb wéc lwong khoang cach trung binh dudi
2%. Sai sb géc nghiéng phan anh dung thuc té ga
dat ctia camera, cho phép bo diéu khién robot thuc
hién bu goc chinh xac. Viéc tach biét nut thj giac
st dung giao thirc ROS gitip duy tri tbc dd xi ly
&nh 6n dinh, khéng bi &nh hwéng bdi tai tinh toan
cua ludng diéu khién dong hoc. Céac gia tri sau tinh

TAI LIEU THAM KHAO

toan dwoc gri 1&n topic cung cap dau vao tin cay
cho bai toan Visual servoing.
4. KET LUAN

> Bai bao da dé xuét va hoan thién giai phap
dinh vi vat thé s dung thi giac may don trén nén
tang ROS, giai quyét hiéu qua thach thirc vé sai sb
géc nghiéng trong méi trwéng phi cau tric;

> Két qua nghién ctru dat dwoc hai déng gop
chinh: Th& nhéat, vé mat thuat toan, tac gia da cu
thé héa phuong phap wéc lvgng d6 léch tw thé
dwa trén ma tran Homography. Gidi phap nay cho
phép xac dinh chinh xac géc nghiéng clia camera
dé bu trir hiéu ng bién dang hinh hoc, ddm béo
robot ludn tiép can vudng géc véi bé mat vat thé;

> Th hai, vé mat hé thdng, kién tric diéu
khién phan tan theo co' ché Publish/Subscribe da
tach biét thanh céng ludng tri giac va hanh déng,
giup duy tri tinh thoi gian thyc va kha nang tich hop
linh hoat trén cac dong robot cdng nghiép khac
nhau ma khéng phu thuéc phan cing;

» Thyc nghiém trén robot Niryo Ned 2 ghi
nhan sai s wéc lwong vi tri trung binh dudi 2%
trong vlung lam viéc tbi wu va kiém soét tét tw thé
tiép can. Két quéa nay khang dinh tinh kha thi cta
viéc (rng dung hé thdng thi giac 2D chi phi thap dé
thay thé cac cam bién 3D dat tién trong cac tac vy
phan loai va gép d&t tw déng héa nganh mé O

[11 Hashimoto, K., A review on vision-based control of robot manipulators. Advanced Robotics, 2003.

17(10).

[2] Du, G, etal., Vision-based robotic grasping from object localization, object pose estimation to grasp
estimation for parallel grippers: a review. Artificial Intelligence Review, 2021. 54(3): p. 1677-1734.

[3] Fu, H., et al. Deep ordinal regression network for monocular depth estimation. in Proceedings of the
IEEE conference on computer vision and pattern recognition. 2018.

[4] O’Mahony, N., et al. Deep learning vs. traditional computer vision. in Science and information

conference. 2019. Springer.

[5] Suzuki, S., Topological structural analysis of digitized binary images by border following. Computer
vision, graphics, and image processing, 1985. 30(1): p. 32-46.
[6] Hu, M.-K., Visual pattern recognition by moment invariants. IRE transactions on information theory,

1962. 8(2): p. 179-187.

[71 Chaumette, F. and S. Hutchinson, Visual servo control. |. Basic approaches. I[EEE Robotics &

Automation Magazine, 2006. 13(4): p. 82-90.

[8] AQuigley, M., etal., ROS: an open-source Robot Operating System. in ICRA workshop on open source

software. 2009. Kobe.

LO1 CAM ON

N6i dung bai bao dwoc hoan thanh dwdi sy hé tro tr kinh phi tir dé tai nghién ctu khoa hoc cép co s&

ma sb T25-06 ctia Trudng Dai hoc M6 - Dia Chét.

Website: https://tapchi.hoimovietham.vn

SO 5-2026 m



{3} CO KHi, BIEN - BIEN TU - TU BPONG HOA CONG NGHIEP MO

RESEARCH ON POSITION AND CAMERA TILT ESTIMATION
FOR INDUSTRIAL ROBOT CONTROL USING MONOCULAR VISION ON ROS

Luan Cong Doan
Hanoi University of Mining and Geology, 18 Pho Vien, Ha Noi, Vietnam

ARTICLE INFOR

TYPE: Research Article

Received: 28/10/2025

Revised: 21/11/2025

Accepted: 28/11/2025
Corresponding author:

Email: doancongluan@humg.edu.vn

ABSTRACT

This paper proposes a monocular vision solution integrated with industrial robots to determine the
spatial position and pose of objects within unstructured working environments. A significant challenge
associated with 2D cameras is the perspective distortion error that arises when the optical axis is not
perpendicular to the object's surface. To address this issue, this study develops an algorithm based on
the Homography matrix to accurately estimate the Tilt Angle between the camera axis and the surface
normal, while simultaneously calculating the distance and Lateral Offset using the Pinhole Camera Model.
The system is implemented on the Robot Operating System (ROS) platform utilizing a distributed
Publisher/Subscriber architecture, which enables the decoupling of image processing and kinematic
control workflows. Experimental results on a Niryo Ned 2 robot with basic geometric objects demonstrate
that the system operates stably in real-time (30Hz), achieves a distance estimation error of less than 2%,
and accurately determines the tilt angle to facilitate robot approach pose compensation. This solution
offers a cost-effective and highly integrable approach for automation applications in the mining industry.

Keywords: ROS, Machine Vision, Tilt Angle Estimation, Industrial Robot, Visual Servoing.
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