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TOM TAT

Trong béi cdnh nganh coéng nghiép khai khoédng ngay cang phat trién, khai thac mé hdm Io dang déng

vai tro trong yéu. Tuy nhién, méi trurdng lam viéc trong mé hédm 10 lai tiém &n nhiéu nguy co mét an toan,
v6i déc diém khéng gian chéat hep, nhiéu vét cén, d6 4m cao, bui bén ... gay khé khan I6n cho qué trinh
tw déng héa. Trwdc nhiing thach thire trén, viéc tng dung robot gan canh tay may ndi Ién nhw mét gidi
phép kha thi nhdm néng cao ndng suét, giam thiéu rdi ro va hé tro qué trinh khai thac an toan.

Bai bdo nay trinh bay co sé& ly thuyét vé diéu khién va trénh va cham cho cénh tay robot trong moi
trirong hdm 16. M6 hinh déng hoc duoc xdy dung dwa trén phuong phép Denavit-Hartenberg, két hop
gitra dong hoc thuéan va nghich dé mé t chuyén déng ctia robot va danh gia nguy co va cham. Hé théng
cam bién thj gidc duwoc tich hop dé phat hién vat cén va xac dinh khodng céch trong méi truong lam viéc.
Trén co s& do, mét thudt toan diéu khién tranh va cham chi dong duoc dé xuét va trién khai thie nghiém
trén robot Niryo Ned 2 trong méi trwong mé phéng. Két qué cho thay phuong phép dat hiéu qua tét trong

viéc diéu hudng va tranh véat cdn, mé ra tiém néng umg dung thuec té trong cac mé ham 16 hién dai.
Ttr khéa: canh tay robot, mé ham 10, tranh va cham, déng hoc robot, cdm bién thj giac.

1. DAT VAN BE

M6 ham 15 Ia mét trong nhitng méi trwdng lam
viéc nguy hiém va khéc nghiét nhét, véi ciu tric
phtrc tap trong khong gian chat hep, va nhiéu rdi ro
vé an toan nhuw sap 10, chay nd, khi déc va bui ban
[1]. Trong béi cénh do, viéc trng dung cac hé théng
robot ty déng co gan cac canh tay may ndilén nhw
mot g|a| phap day tiém nang nham nang cao nang
suét, glam rdi ro cho ngudi lao déng, giai quyét tinh
trang thiéu hut nhan luc.

Mac du mang lai nhiéu loi ich, viéc trién khai
robot trong mé ham 16 dbi mat vé&i nhiéu thach thire
I&n vé va cham do mat dd thiét bi cao va diéu kién
khéng gian ludn bién dbi. Cac yéu tb nhw bui, d6
am, nhiét do cao, rung dong va nhiéu tin hiéu anh
hwdng dén hiéu suat cdm bién, lam suy gidm kha
nang dinh vi, diéu huwéng va kiém soat robot. Diéu
nay doi hdi cac hé thdng robot khdng chi cé kha
nang tw hanh ma con phai tich hgp cdong nghé cam
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bién bén bi, thuat toan diéu hwéng thong minh va
kha nang twong tac an toan véi con ngudi.

Trwéc nhitng yéu cau va thach thirc néu trén,
bai bao nay tap trung vao giai phap co khi trong
thao tac canh tay may hiéu qua trong thwc hién tac
vy va tranh va cham hiéu qua trong méi trwong
ham 16. Nghién clru bao gom cac ngi dung ve dong
hoc robot tich hgp cdm bién théng minh va diéu
khién canh tay tranh vat can, vé&i minh hoa mo
phdng st dung canh tay robot Niryo Ned 2.

2. DI LIEU VA PHUONG PHAP NGHIEN CUrU
2.1. Co s& diéu khién canh tay robot

Dé& mét canh tay robot cé thé thwe hién cac thao
tac chinh xac va tranh va cham trong méi trwdng
phirc tap nhw mé ham 16, viéc hiéu ré va ap dung
cac nguyén ly dong hoc clua canh tay may la vo
cung can thiét. Bén canh do, kha ndng nhan biét
moi trwéng théng qua cdm bién déng vai trd then
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chét trong viéc cung cap di liéu dau vao cho cac
thuat toan diéu khién va tranh va cham.

2.1.1. M6 hinh déng hoc canh tay robot

M6 hinh dong hoc la nén tang toan hoc dé moé
ta moi quan hé gilra cac khdp cla robot va vij tri,
hwéng cla co cau chap hanh cu0| (end-effector)
trong khong gian dwa vao théng sb két ciu va dong
hoc cla cac khau, khép trén canh tay.

Dé xay dung mé hinh toan hoc cho canh tay
robot, dac biét trong bai toan phan tich dong hoc,
nhidu phwong phap da dwoc nghién ctu va ap
dung nham mé ta chinh xac méi quan hé hinh hoc
gitra cac khau trong chudi khép. Cac phwong phap
phd bién bao gbébm: phwong phap Denavit-

Hartenberg (D-H) [2], phwong phap tich cac ma
tran ma (Product of Exponentials — PoE) [3], ly
thuyét truc vit (Screw Theory) [4], va cac tiép can
dwa trén dai sO hinh hoc [5] hodac hoc may [6].
Trong d6, phwong phap D-H dwgc st dung réng
rai nh& tinh don gian, trwec quan va kha nang hé
thdng héa qué trinh thiét 1ap mé hinh dong hoc
théng qua bén tham sé dac trung ctia méi khau
trén canh tay may. Phwong phap nay cho phép xay
dwng chudi ma tran chuyen dbi ddng nhéat gitra cac
khung toa dé lién tiép, tir d6 xac dinh dwoc vi tri va
hwéng ctia bd phan chap hanh cubi trong khéng
gian; rat phu hop cho canh tay may véi so bac tw
do hivu han, giup don gian héa viéc trién khai trong
mo phéng va diéu khién.

Hinh 1. Khéng gian lam viéc trong mé ham 16 va mé hinh canh tay robot di dong

Pé thuc hién gidi thuat D-H, cac hé truc toa do
sé dwoc gan |én tirng khau clGa canh tay robot
(Hinh 2), trong dé:

¢ Gbc toa do dwoc dat & cudi khau;

e Truc x chon theo chiéu dai ctia khau — tring
V@i truc clia khau;

e Truc z chon theo truc ctia khdp nbi v&i khau
ké tiép, z trung v&i dwdng tm cla truc quay néu

la khép quay, z trung v&i phwong cua ranh trwot
néu khép 1a khop truot;

eTruc y dwoc xac dinh tir x va z theo quy téc
ban tay phai (toa dé theo y khéng dwgc sir dung
trong giai thuat D-H);

e Hé truc toa d6 cua khau khéng dwoc sty dung
dé xac dinh chuyén vi ctia khau ma dwoc sir dung
dé xac dinh cac chuyén vj ciia khau ké tiép

Zn-h‘
8 U]
= U+ o

Song song voi fruc Zn-1

Xn+]

P

Hinh 2. M6 ta c4u tric ctia mét khau trén canh tay robot téng quat theo phwong phap D-H
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Dwa vao quy tac gén truc toa dod nay, trén
khau thir n ctia canh tay robot (Hinh 2) ta sé xac
dinh dwoc clu tric robot va bd 4 tham sb
Denavit-Hartenberg clia khau N+1 nhw sau:

e Khau n+1 la khau chuyén déng theo khép
n+1 ndm trén khau N;

e an+1 — chiéu dai cta khau n+1 hay |a khoang
cach tw géc hé truc toa d6 n t&¢i hé truc toa d6 n+1
theo phwong truc x;

® an+1 la goc quay cla truc zn+1 so voi truc zn
theo truc xa«1 v&i chidu duwong la chiéu nguwoc
chiéu kim déng hé

e dn+1 la khodng cac twr géc hé truc toa dbé n toi
hé truc toa d n+1 theo phwong cta truc z,

® 0,+11a goc xoay clia truc xn+1 so v@&i truc x, v&i
tdm quay la truc z,

Trong 4 tham s6 nay thi a va a la cac théng sé
két ciu, khong thay ddi trong sudt qua trinh canh
tay van hanh, néu khép n+1 la khép truot ta co
dn+1 12 bién s6, néu n+1 1a khép quay ta cd 1 la
bién sb.

Bang 1. Bang Denavit-Hartenberg cta khau thir n+1 véi gia dinh khép n+1 la khép quay

Khop a o d 0 Bién sb
N+1 an+1 Oln+1 dn+1 On+1 On+1
N+2

Khi khau N+1 di chuyén tinh tién mét khoang
dn+1 theo truc zn+1 hodc quay mot géc 6n+1 quanh
truc zn+1 thi toa do diém cudi ctia khau n+1 sé dwoc
xac dinh theo cbéng thirc:

n+1 —_ n+1
Ups1 = Apyq X Ug (1)

Trong do: . )
n+ly, - 1a toa d6 ban dau cta diém cubi cla
khau N+1 trong hé truc toa do n+1;

luy=1[xg Yo 2o 17

1y,.1 - la toa do cha diém cudi ciia khau N+1
trong hé truc toa d6 n+1 sau khi khdu N+1 quay
moét goc On+1 quanh truc zn+1

n+1 T
Zn+1 1]

A1 - 1& ma tran chuyén vij cta khau tuwong
&ng v&i sw bién ddi clia cac bién khép

Unt1 = [Xne1 Yns1

Ch+1 Vn+1Sn+1 On+1Sn+1 An+1Cn+1
An+1 — Sn+1 Yn+1Cn+1 “On+1Cn+1 An+1Sn+1
0 On+1 Yn+1 dn+ 1
0 0 0 1

VOI cpiq =€0SO0p41 5 Spyr =SIN0p4q 5 Yner =
COS Uy yq; Opy1 = SN Apyq

Tbng quat v&i mot canh tay robot c6 n khau,
chuyén vi ctia diém cudi cung trén canh tay robot
c6 thé dwoc chuyén dbi vé gbc chia canh tay théng
qua ma tran chuyén vi tbng quat °T,, Ia tich sb cla
cac ma tran chuyén vij thanh phan cua tiwng khau
rieng 1é A;:

OT = A Ay .. A; A, 2)
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Tuy theo diém trén canh tay robot can xét ma
ta c6 thé lay ma tran chuyeén vi tong T, hodc ma
trdn chuyén vi trung gian °T;.

2.1.2. béng hoc thuan va nghich canh tay robot

Boéng hoc thuan la qua trinh tinh toan vi tri va
hwéng cla co cau chap hanh cubi khi biét tat ca
céac gia tri bién khop:

Oy =0T, x "u (3)

Khi nap théng sb diéu khién cho canh tay robot,
mé hinh trén sé tinh toan trwdc vi tri ciia diém cubi
cung trén canh tay (hodc diém trung gian) tor d6
lam co s& dbi sanh xem vj tri s& hwéng téi cla
canh tay robot c6 phai la diém cé chuéng ngai vat
hay khéng dé phong tranh va cham.

Tuy vay, viéc tranh va cham theo mé hinh dong
hoc thuan twong dbi thu déng do phai loc tirng
théng sb bién khép, do vay md hinh dé xuat dé
diéu khién canh tay robot 1a s& dung déng hoc
nghich.

V&i gia thiét robot da xac dinh dwoc vi tri cla
chwéng ngai vat théng qua hé thdng cam bién
théng minh gén trén robot %u*, can ct theo vi tri
hién tai cia co ciu chap hanh cubi da xac dinh ™u*
tap hop céc bién khép co thé khién canh tay robot
va cham v&i vi tri chwdng ngai vat sé duwgc xac
dinh tlr cong thirc clia ddng hoc thuan nhw sau:
Ou* =0T, x "u* = OT; 1 x %y* = OT; 1 x OT, x ™u*

© 0T 1 x Oy =y 4)

V&i °T,; 1 la ma tran nghich dao clia ma tran
chuyén vi téng

Giai phwong trinh 4 sé tim dwoc bo théng sb
bién khép dé phat sinh va cham, tlr d6 loai bé bd
théng s6 nay trong qua trinh tw déng diéu khién va
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van hanh robot sé giai quyét duwoc van dé va cham
xay ra khi canh tay robot thyc thi nhiém vu.

2.1.3 Xdc dinh chwéng ngai vat véi cam bién
gan trén canh tay may

Trong méi trwérng ham 16 ¢é cAu tric phire tap,
thwdng xuyén bién ddi, viéc nhan biét va xac dinh
chinh xac khoang céch tir robot téi vat thé dong vai
trd then chét trong diéu hwéng va thao tac an toan
clia canh tay robot. Mot sé loai cdm bién thwdng

Vat thé

duoc dung dé xac dinh khodng cach trong khong
gian 2 va 3 chiéu la LIDAR, c&m bién siéu am, cam
bién tiém can, camera RGB don va camera RGB
song song. Trong s6 cac giai phap nay, camera
RGB néi bat nho tinh linh hoat, an toan, chi phi
thap, kha ndng thu nhan cung luc nhiéu trudong
théng tin bao gdm c6 hinh anh vat thé va khoang
cach t&i vat thé nho ap dung cac thuat toan thi giac
may tinh két hop v&i cac mé hinh hoc sau (Deep
learning) [7, 8].

Cam bién anh

Hinh 3. M6 hinh camera don trong xéc dinh khoang cédch téi vat thé

Khi biét kich thuwéc vat thé hy, dwa vao tiéu cw
cla camera va kich thwéc cling nhw d6 phan giai
clia cdm bién anh ta co thé xac dinh dwoc khoang
cach tr may anh tdi vat thé theo cong thirc:

hy.f-hs

2o =0 (5)

Véi:

f — tiéu cw clla camera, mm:;

hs — dd phan giai theo chiéu cao clia cdm bién
anh, pixel;

ha — chiéu cao anh cla vat thé trén cam bién
anh, pixel;

H — chiéu cao clia cdm bién anh, mm.

2.2. M6 phéong mé hinh véi canh tay may NIRYO
NED 2

Niryo Ned 2 la mét canh tay robot dwoc thiét ké
dac biét cho muc dich giao duc va nghién ctru, moé
phéng theo két ciu cla cac canh tay robot coéng
nghiép (Hinh 4) v&i 6 truc (6 bac tw do déu la cac
khép quay). Trong d6 khép sb 1, 4 va 6 1a cac khép
quay dong truc; khép 2,3 va 5 1a khép quay véi truc
z xoay goc 90° so v&i truc clia khau. Canh tay robot
c6 tai trong 300g, d6 chinh xac £0.5mm [9].

Hinh 4. Canh tay Niryo Ned 2 va tich hop camera Ién canh tay may

Ned 2 dwoc xay dwng trén nén tang Raspberry
Pi 4, str dung bo x&r ly ARM V8 64-bit hiéu suét cao
va 4GB RAM. Niryo Ned 2 chay hé diéu hanh
Ubuntu va ROS (Robot Operating System) Noetic,

m SO 5-2025

mot giai phap ma ngudn mé cung cép nhiéu thu
vién cho phép phat trién cac chwong trinh robot ttr
don gian dén phrc tap.
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Dwa vao ly thuyét phwong phap Denavit-
Hartenberg & phan trén, ta gan cac hé truc toa d6
twong ng 1én tirng khau cla canh tay robot, theo
quy tac: hé truc toa dd gbc gén tai dé clta canh tay
robot, hé truc toa do cta khau sé dat & cudi khau,

truc z trung v&i truc quay cla khép, truc x trung véi
truc cGa khau; trong trwong hop khép quay dong
truc, wu tién chon truc z theo truc quay, truc x sé
chon vuéng goéc véi z tai gbc toa dd (Hinh 5).

Hinh 5. Gan hé truc toa dd 1én canh ray Niryo Ned 2
truc x — mau dé; truc y — mau xanh 13; truc z — mau xanh dwong

Can ci theo hé truc toa dd da xay dwng cho
canh tay, ta lap dwgc bang Denavit-Hartenberg
cho canh tay Niryo Ned 2 theo théng sé ky thuat
ma nha san xuat céng bd (Bang 2).

Bang 2. Bang Denavit-Hartenberg
cua canh tay Niryo Ned 2

Khop | a o d (m) 0 Bién

(m) | (rad) (rad) | sb
1 0 /2 0 01 01
2 0 - /2 0 02 02
3 0 /2 0,128 03 03
4 0 - 7/2 0 04 04
5 0 /2 0,105 05 05
6 0 0 0,056 Os Os

Thay gia trj tr Bang 2 vao cong thirc ta xac dinh
dwoc cac ma tran chuyén vi thanh phan theo tirng
khau, cu thé:

cosf; 0 sing; O

A, = OT, — sinf; 0 —cos6; O
! ! 0 1 0 0

0 0 ] 1
cosg, 0 —sinfg, O
A, = 1T, = sing, 0 cosf, O
2 2 0o -1 0 0
0 0 0 1

cosf; 0 sinf, 0

Ay = 2T, = sinf; 0 —cos6; 0

0 1 0 0,128
0 0 0 1
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cosg, 0 —sinf, O
_3p _|sin6, O cosf, O
e =T 0 -1 0 0
Lo 0 0 11
cosf; 0 sinfg 0
ind: 0 —cosé@ 0
A. = 4. — |SIn6s 5
> > 0 1 0 0,105
| 0 0 0 1 |
[cosf; —sinfy O 0 ]
in 0 cos 6 0 0
A = 57 — [Sin6s 6
6 6 0 0 1 0,056
0 1

. 0 0 i
Ma tran chuyén vij tdng quat la tich ciia cac ma
tran chuyén vi thanh phan (khau), nhan theo chiéu
tlr phai sang trai:
0T, = A, AyAs A AcAq
=0T, x 1T, X 2Ty X 3T, x *T5 X °T,

Dang tbng quat clia ma tran chuyén vi téng °T
la ma tran c& 4x4:
nx Ox ax Px
n, o, ay, B

0T6 — y
rIZ OZ aZ PZ
0O 0 0 1
Trong do:

Nx, Ny, Nz la ba thanh phan cla vector 7

Ox, Oy, Oz la ba thanh phan cla vector

ax, ay, az la ba thanh phan cla vector d

V&i 7, 6 va d la ba vector ciia hé truc toa do chi
ra hwéng ctia khau cudi so véi hé truc toa do géc,
con dwoc biét téi dwdi tén goi ma tran quay.
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P, Py, P la toa do khong gian cla diém dau
mut ctia co' cAu chép hanh cudi so véi gbc hé truc
toa dd gbc (hé truc toa do gan tai dé cla canh tay
robot).

Trong thanh phan cta cac tham sé n;, o;, ai, P;
c6 chira cac bién sb goc quay 6;

Trong trwdng hop ta gén thém co ciu chép
hanh (end-effector) vao diém cudi clia khau the 6,
mot diém P, & trén khau gén thém cé toa do trong
hétructoadé6l1a Py = [*Ps 7P ZPG] sé co toa
do so véi hé truc toa do gbc & dé cua robot la:

0P, = T, x P, = Ty % & Py‘ X IyPG
nZ OZ aZ PZ
o o0 0 1

Déi v6&i bai toan tranh va cham, dé co cdu chap
hanh va canh tay robot khéng va cham v&i cac vat

|© et
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thé, chi tiét trong khong gian dwong 10, dwoc tdng
quat bang tap hop cac diém cé toa do tbng quat P’
S0 V@i hé truc toa dé géc clia canh tay robot, ta xac
dinh ma tran nghich ddo cuta °T, dé& st dung mod

hinh déng hoc ngucrc
.X'PO
ypo
ZPO

xPe Ay

ny Oy ay

ZP6 a;

0

Do muc do phwc tap cla ma tran, nen viéc giai
thuat ma tran téng va ma tran nghich dao co thé
duoc tién hanh dwéi sy tro gilp cla cac phan
mém hd tro tinh toan nhw MATLAB, C, C++,
Python. Hinh 5 mé ta viéc s dung Python va

ROS trong mé phdng va diéu khién déng hoc
canh tay robot Niryo Ned 2.

SR ><~U

Cnpermeniat

Hinh 5. M6 phéng diéu khién Niryo Ned 2 trong méi trweé'ng ma ngudén mé ROS véi Python

3. KET LUAN

> Bai bao da trinh bay phwong phap xay dwng
mo hinh déng hoc va thuat toan diéu khién canh
tay robot cé thé sir dung trong méi trdng md ham
|0 phtrc tap, trong d6 trong tam la kha nang tranh
va cham théng qua tich hop cdm bién va x ly hinh
anh. M6 hinh ap dung phwong phap Denavit—
Hartenberg dé xay dwng déng hoc robot, str dung
camera RGB dé xac dinh vat can va trién khai thuat
toan diéu khién nghich dé loai bé cac cu hinh dan
dén va cham. Thir nghiém md phéng trén canh tay
robot Niryo Ned 2 cho thy tinh kha thi va hiéu qua

TAI LIEU THAM KHAO

cula giai phap trong viéc thao tac chinh xac va tranh
va cham trong khéng gian hep, nhiéu vat can nhw
mo ham 16.

> Trong cac nghién ctu tiép theo, nhom tac gia
s& m& rong mo hinh diéu khién sang méi trwong
thwe té va danh gia cac chi tiéu hiéu suat nhw do
chinh x&c, th&i gian phan héi, hiéu qua nang lwong
va kha nang thich nghi véi méi trwéng khac nghiét
hon. Két qué ky vong sé gop phan phat trién cac
hé théng robot tw ddng hoa hiéu qua va an toan
hon trong linh vwe khai thac mé ngdm O
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ABSTRACT

With the continued expansion of the mining industry, underground mining has become increasingly
vital. However, underground environments are among the most hazardous and complex workplaces,
characterized by confined spaces, dense obstacles, high humidity, and pervasive dust-factors that
significantly hinder automation and pose substantial safety risks. In light of these challenges, robotic
systems equipped with articulated arms have emerged as a promising solution to improve operational
efficiency, enhance worker safety, and support intelligent mining operations.

This study proposes a collision avoidance framework for robotic manipulators operating in
underground settings. The kinematic model of the robotic arm is formulated using the Denavit—Hartenberg
convention, incorporating both forward and inverse kinematics to enable precise motion planning and
obstacle assessment. A visual sensing system based on RGB cameras is integrated to detect obstacles
and estimate distances in real time. Building on this sensor data, a proactive control algorithm is developed
fo avoid potential collisions and ensure safe arm movement. The proposed approach is implemented and
evaluated through simulations on the Niryo Ned 2 robotic arm within the Robot Operating System (ROS)
environment. Simulation results demonstrate the effectiveness and feasibility of the method in constrained
and dynamic underground scenarios, indicating strong potential for real-world deployment in modern
mining automation systems.
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