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Abstract: Amid the profound scientific and technological transformations
brought about by the Fourth Industrial Revolution, learners are required not
only to master theoretical knowledge but also to develop important practical
competencies such as critical thinking, problem-solving, and teamwork. The
disparity between high theoretical scores and the lack of practical application
skills among the younger generation highlights an urgent need to innovate
teaching methodologies. Specifically, education must shift towards
interdisciplinary integration rather than isolated subject teaching. This paper
analyzes the essential role of STEM education and its correlation with
Industrial Robotics. Consequently, the study proposes the design of a 3-DOF
SCARA Robotic arm model, integrated with visual simulation using Digital Twin
technology on the ROS 2 platform. This model aims to facilitate and enhance
the quality of student scientific research operations at Ho Chi Minh City
University of Transport.
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Thiét ké va mé phéng mé hinh canh tay Robot
SCARA 3-DOF str dung ROS 2

Nguyén Trong Khang, Nguyén Lé Dang Khoa, Lé Van Théng, Lé Céng Danh,
Lé Anh Uyén V"

Ban Céng nghé chién lwoc, Trwong Dai hoc Giao théng van tai Thanh phé Ho
Chi Minh, s 2 dwérng V6 Oanh, phwdng Thanh My Tay, TP. H& Chi Minh, Viét
Nam

Toém tat: Trwdc nhivng bién ddi manh mé vé& khoa hoc va cong nghé ma Cach
mang Coéng nghiép lan thi tw (CMCN 4.0) mang lai, ngu®i hoc khdéng chi can
virng kién thirc ly thuyét, ma con phai rén luyén nhixng ndng lwc thuc tién quan
trong nhw tw duy phan bién, kha nang giai quyét van dé va kj nang lam viéc
nhém. Sy chénh léch gitra diém sé ly thuyét va k§ nang tng dung thuc té dang
d&t ra yéu cau cap thiét ddi véi viec déi méi phwong phap gidng day theo
hwdng tich hop lién mon thay vi tach roi tteng linh ve. Bai bao phan tich vai
trd cbt 16i ctia gido duc STEM va mdi lién hé thwc tién véi bd mén Robot Cong
nghiép. Qua d6, nhém nghién cliu dé xuét thiét ké méd hinh canh tay Robot
SCARA 3 bac tw do, két hop véi mé phdng trwc quan trng dung céng nghé
Ban sao sb (Digital Twin) trén nén tdng ROS 2. Mé hinh nay dwoc xay dwng
nham phuc vu va nang cao chét lwgng hoat déng nghién ctru khoa hoc cua
sinh vién tai trwdng Pai hoc Giao théng van tai Thanh phé HS Chi Minh.

T khéa: STEM, ROS 2, SCARA, déng hoc robot, bén sao sb.

1. Gi&i thiéu

1.1. Svw twong quan mén hoc STEM va Robot

Cong nghiép

1.1.1. M6 hinh gido duc STEM trén thé gi&i va

tai Viét Nam

Giao duc STEM (Science, Technology,
Engineering, and Mathematics — Khoa hoc, Céng
ngh&, Ky thuat va Toan hoc) kh&i nguén tlr khai
niém SMET (Science, Mathematics, Engineering,
and Technology) (thép nién 1990) va duwgc NSF
(National Science Foundation) Hoa Ky chuan hoa
nam 2001 vé&i muc tiéu tang cwdng nhan Iwc khoa
hoc - k¥ thuat trong bdi canh canh tranh toan cau.
Trén thé gi6i, mdi khu vuc trién khai STEM theo
céach riéng: Hoa Ky dau tw bai ban qua chinh sach
quéc gia [1]; chau Au tich hop lién nganh dé giai

quyét van dé xa hoi va moéi trwdng; trong khi cac
nwéc chau A nhw Singapore, Han Quéc, Nhat Ban
dwa STEM vao tir bac tiéu hoc nhuv mét cong cu
chién lwoc thuc day ddi méi va cong nghiép héa.
UNESCO ciing xac dinh STEM la "chia khéa" thyc
hién cac muc tiéu phat trién bén virng. Ngay nay,
STEM khoéng chi dao tao ky sw hay nha khoa hoc
ma con hwdng dén phat trién ndng lwc thich tng
va tw duy giai quyét van dé phirc hop [2]. Tai Viét
Nam, STEM c6 xuét phat diém khac biét, khong tir
chinh sach hé théng ma tir cac san choi Robot do
doanh nghiép té churc, khién viéc tiép can ban dau
con manh mun, thiéu déng bd. Tuy nhién, voi
Chién lwoc phat trién gido duc dén nam 2030 dat
muc tiéu nang ty trong sinh vién khéi STEM lén
35% [3], Viét Nam dang dan dinh hinh mét nén
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tdng STEM c6 hé théng, khang dinh vai trd chién
lwoc cha linh vee nay trong phat trién ngudn nhan
lwc qubc gia.
1.1.2. Dé xuat phwong an trién khai STEM tai
trwong Dai hoc Giao théng van tai Thanh phé
H& Chi Minh

Hoa cung xu hwéng d6i méi gido duc toan
quéc, Nha trwdng da cha dong thac day phong trao
nghién ctru khoa hoc (NCKH) cho nam hoc 2025 -
2026 thong qua cac ké hoach dang ky nhiém vu
ddi méi sang tao va sy kién “Ngay nghién clru
khoa hoc sinh vién”, gitp hoat déng nay gan lién
v&i qua trinh hoc tap thwc té. Bam sat dinh hwéng
cta Chinh phu tai Quyét dinh 1131/QD-TTg ngay
12/06/2025 [4] vé viéc wu tién lam chl cac coéng
nghé cbt 16i nhw Robot, tri tué nhan tao (Al -
Artificial Intelligence) va ban sao sé (Digital Twin),
ddng thoi hién thwe héa muc tiéu phat trién gido
duc dén ndm 2030 nham nang cao chét lwgng dao
tao khdi nganh STEM [2]. Nhém nghién ctru dé
xuét mé hinh kj thuat phuc vu 16ng ghép hoc phan
Robot cong nghiép vao mé hinh gidao duc lién
nganh. Phwong an nay nham chuyén déi mén hoc
truyén théng thanh hoat ddng NCKH thwédng xuyén
cho sinh vién cac nganh Ky thuat diéu khién va Ty
dong hda tai Nha trwdng. Nghién ctru nay tap trung
vao khia canh thiét ké va trién khai hé théng ky
thuat, trinh bay viéc (ng dung ban sao sb trén nén
tang ROS 2 két hop xay dwng mé hinh vat ly canh
tay Robot SCARA, nham tao ra méi truéng thuc
hanh trirc quan giup nang cao nang lyc (rng dung
thwce tién cho sinh vién [2].
1.2. Téng quan tai liéu
1.2.1. Ban sao sb (Digital Twin) trong cac bai
toan Robot

Ban sao sb (Digital Twin) dang tré thanh mot
xu hwdng quan trong trong linh viwc Robot va tw
dong héa hién nay. Day 1a mé hinh s hoa cla
Robot ho&c toan bd hé théng, cho phép mé phéng
va giam sat song song gitra méi trwdng ao va hé
thdng vat ly. Cling v&i sw phat trién cia cong nghé
ban dan, cac phan mém mé phéng nhw
MATLAB/Simulink hay ROS ngay cang hé trg xay
dwng ban sao s véi dd chinh xac cao hon. Trong
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cac bai toan Robot, cong nghé nay giup kiém
chirng thuat toan diéu khién trwéc khi trién khai
thwe té&, tir d6 gidm rai ro va chi phi the nghiém.
Ngoai ra, ban sao sé con hé tro phan tich dong
hoc, dong lwc hoc va tbi wu quj dao chuyén dong.
Trong cac nghién clru gan day vé Robot cong
nghiép, Robot tw hanh va thiét bi bay khéng nguoi
l4i [5-7], mé hinh song sinh da dwoc (rng dung dé
mo6 phéng mbi trwdng lam viéc, giadi bai toan 1ap
quy dao, phat hién va cham va téi wu hiéu suét thoi
gian thwe. Tuy nhién, phan I&n cac nghién ctru nay
tap trung vao quy mé céng nghiép hoac nghién ctru
chuyén sau, s&¢ dung nén tadng phan crng/phan
mém c6 chi phi cao, chwa huwéng dén muc tiéu
trién khai & quy md gido duc dai hoc véi chi phi
thap.

Tém lai, trong bdi canh Cach mang Céng
nghiép 1an tht tw, viéc 4p dung ban sao sé khéng
chi giip nang cao hiéu qua thiét ké va diéu khién
Robot ma con mé ra huwéng tiép can mai trong toi
wu hoa, giam sat va ra quyét dinh dya trén dir liéu,
gop phan thac day sy phat trién ctia cac hé théng
Robot théng minh va ty cha.

1.2.2. Gi&i thiéu tong quan vé ROS 2

ROS 2 |a nén tdng phan mém trung gian
(middleware) ma ngudén mé, déng vai trd két néi
céac thanh phan cla hé théng Robot thanh mét thé
thdng nhat. Ké thira tr ROS 1 nhwng dworc tai thiét
ké hoan toan, ROS 2 khac phuc han ché diém [6i
don Ié (Single Point of Failure - SPOF) ctiia phién
ban truéc, noi toan bod hé thdng phu thudc vao mot
nat trung tdm duy nhat (ROS Master), dan dén rai
ro gian doan mang giao tiép khi nat nay gép sw cd.
Thay vao dé, kién trGc phan tan dwa trén chuan
DDS (Data Distribution Service) cho phép cac
thanh phan giao tiép truc tiép ngang hang, mang
lai kha nang xtr ly thoi gian thye (real-time), tang
cwdng kha nang chiu 16i va ddm bdo tinh 6n dinh
trong cac diéu kién van hanh phurc tap [8]. Hé sinh
thai cia ROS 2 tich hop nhiéu tinh n&ng chuyén
sau: co ché QoS (Quality of Service-Chat lwong
dich vu) cho phép tinh chinh bang théng va do tré
theo tirng yéu cau (rng dung; micro-ROS mé rong
kha nang tich hop xubng cac vi diéu khién co tai
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nguyén han ché nhw STM32 hay ESP32; trong khi
RViz2 va Gazebo cung cap codng cu tric quan héa
va mod phdng vat ly 3D, gitp kiém thr toan bd hé
thdng Robot trén mai trwdng do trwdc khi trién khai
trén phan ctrng thuc té [8]. Nhe d6, ROS 2 dang la
nén tang tiéu chudn dwoc ap dung réng rai to
Robot céng nghiép, Robot phau thuat, xe tw hanh
dén thiét bi bay khéng nguoi 1ai, bdi ca cdng dong
nghién ctru 1an doanh nghiép céng nghé.
1.2.3. Khoang tréng nghién ciru

Mé&c du ban sao sé va ROS 2 da dwoc ing
dung réng rai trong nghién ctru Robot céng nghiép
va ty déng hdéa quy mé Ién, cac mo hinh hién cé
thworng doi héi ha ting phan cirng phirc tap va chi
phi diu tw cao, gay khé khan khi trién khai trong
maéi trwdng gido duc dai hoc, noi yéu cau can bang
gira tinh trwc quan, chi phi hop ly va kha nang
thwe hanh cho sinh vién. Bén canh do, cac nghién
ctru vé gido duc STEM tai Viét Nam hién van thiéu
mé hinh k§ thuat cu thé tich hop ddng thoi ca nén
tdng moé phéng sé (ROS 2) va md hinh vat ly thue
nghiém, phuc vu truc tiép cho gidng day hoc phan
Robot céng nghiép. D& gidi quyét khoadng tréng
nay, nghién ctru dé xuat giai phap thiét ké va ché
tao hé théng canh tay Robot SCARA chi phi thap
tich hop ban sao sb trén nén tdng ROS 2 déng vai
tro la cdng cu thwe hanh trie quan phuc vu dao tao
STEM tai Treong Pai hoc Giao thong van tai Thanh
phd H6 Chi Minh.
1.3. Bong go6p cua nghién ciru

Trén co s& khodng trébng nghién ciru da
néu & muc 1.2.3, nghién clru clla nhém tac gia tap
trung vao cac ndi dung cu thé va cé dwoc cac dong
gép nhw sau:

- Xay dwng hoan chinh mé hinh déng hoc cho
canh tay Robot SCARA 3 bac tw do: thiét 1ap bang
tham s6 Denavit-Hartenberg, gidi bai toan déng
hoc thuan va déng hoc ngwoc, ddng thdi kiém
chirng bang thyc nghiém mé phéng véi sai sb dinh
vi nhé (khoang 0.020-0.060 theo cac trwdng hop
kiém thir tai Bang 3, Bang 4), khang dinh d6 tin cay
ctia md hinh toan truéc khi mé réng sang diéu
khién phan cing thuc té.
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- Trién khai quy trinh mé phdng trwc quan
trén nén tdng ROS 2 ma nguén mé: déng gdi toan
bd quy trinh tr thiét lap khong gian 1am viéc, xay
dwng mé ta URDF, dén giao dién diéu khién dd hoa
(control_gui.py) cho phép nhap géc khép va tinh
toan dong hoc thuan/nguoc tryc tiép, hién thi va
kiém chirng chuyén dong trén RViz2 tao thanh mot
bd céng cu thwe hanh khép kin, dé tiép can cho
sinh vién chwa cé nén tadng chuyén sau vé ROS.

- Két hop quy trinh thiét ké sb va ché tao thuc
nghiém: st dung SolidWorks dé thiét ké, 1ap rap va
kiém tra twong thich co khi gitra cac cum co céu
(nang ha truc Z, khép xoay - truyén déng dai rang,
co cAu chap hanh/tay gép hai ngén) trwéc khi gia
cobng, giup loai bé phwong phap thir-sai truyén
thdng va téi wu chi phi, thei gian nghién ciu.

- Cung cép hoc liéu thwc hanh tiéu chuan
phuc vu gido duc STEM: Dé tai da giai quyét thanh
coéng khoang tréng vé mé hinh k¥ thuat chi phi thap
tich hop déng thdi nén tdng md phdng sé va thuc
nghiém tai Viét Nam. Két qua nghién ciru déng vai
trd 1a hoc liéu thwe hanh trwc quan, hé tro déi maoi
phwong phap day hoc lién nganh STEM, phuc vu
truc tiép hoc phan Robot Céng nghiép va nang cao
chéat lwong hoat ddng nghién ctru khoa hoc cla
sinh vién tai trwdng Dai hoc Giao thdong van tai
Thanh phé H6 Chi Minh [2].

2. Thiét ké, ché tao canh tay Robot SCARA

2.1. Bai toan déng hoc thuan, ngwoc canh tay
Robot SCARA

2.1.1. Bai toan déng hoc thuan canh tay Robot
SCARA

Bai toan déng hoc thuan cla canh tay Robot
SCARA duoc xay dung trén co s& phan tich gian
dd déng hoc cla canh tay Robot (Hinh 1) va xac
dinh bang D-H twong (rng vé&i gidn dé dong hoc do
(Bang 1) [9, 10].

Tw bang D-H (Bang 1) va cong thirc téng
quat ciia ma tran thuan nhét (1) thu dwoc cac ma
tran bién dbi thuan nhat gira cac hé toa do (2-4)
[9]. Tt d6 gilip xac dinh ma tran chuyén vi ctia diém
lam viéc cubi v&i toa dd gbe (5).
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Khop 2 - Tryc 1 C) /Khbp3-Truc2 C) / Truc 3 ZVY:;

X X,
_ %,
o —_— o SWESES- |
_—— —
]
|
ZU’ ﬂ YO
X
T \ Khép 1-Truc 0
Hinh 1. Gian d6 dong hoc canh tay Robot SCARA
Bang 1. Bang tham s6 D-H cla canh tay Robot SCARA
Joint i 0; q; ri d;
1 00 00 0 |1+d1
2 0, 0° o 0
3 03 0° I3 0
H' = [cosB; -sinB; 0 I;.cos0;
cosB; -sinBjcosx; sinB;sinx; r;.cos6; sinB; cosB; 0 |I3.sinB3
sinB;, cosB;cosc; -cosb;sinc r;.sinb; 0 0 1 0
0 sin «; COS &; d; 0 0 0 1
0 0 0 1 0
(1) H; =
1 0 0 0 [cos (0, +63) -sin(6,+63) 0 1,cos0,+l3c08(8,+63)
HO= 010 0 5 sin(6,+03) cos(0,+63) 0  I58iNB,+l3sin(6,+63)
10 0 1 l4+d4 2) 0 0 1 l4+d4
0 0 O 1 0 0 0 1
[cosB, -sinB, 0 I,.cos0,] Suy ra:
H3= S'r(')e2 Cogez (1) b2 % 21 (3 1,C0S8,+15C08(0,+65)
0 0 0 1 dd=| 1,sinB,+15sin(6,+6;) (5)
[cosB; -sinB; 0 l3.cos 03] l+ds
H§= sinB; cosB; 0 |I5.sin0; 4) 2.1.2. Bai toan déng hoc ngwoc canh tay Robot
0 0o 1 0 SCARA
0 0 0 1 A .
3 Bai toan déng hoc ngwoc canh tay Robot
Ta co:

HI =HY. H).H: =

O OO~

0 0 O cosB, -sinB, 0 I,.cosB,
10 0 \ lsinez cosB, 0 I,.sinB,
0 1 I4+dq|’ 1
00 1 0

0

0
0 0

SCARA duwoc giai quyét théng qua phwong phap
hinh hoc v&i hinh chiéu bang (Hinh 2a) va hinh
chiéu dng (Hinh 2b) [11].

T bai toan thuan ta cé toa dod diém B (X,
Yb, Zp).
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Xp=loc0sB,+|3c0s(6,+053)
Yb=lzsin92+l3sin(92+93)

Zy=11+d,
bat:
Zb=OB=|1+d1
OA=|2
BA=l,
Y
Ys B
.ljjeta.!2
AL
hetazs b
o, %
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Ta c6 (6):

Zy=l1+d; (6)

- dq=Zp-l4

Xét tam giac vuéng OXbB (7):
OB?=0X,,2+BXy?

, ()
- OB= OXb +BX,

Hinh 2. Hinh chiéu bang (a) va hinh chiéu dirng (b) ctia canh tay Robot SCARA

Xét tam giac OAB. Ta co:
OB?=0A?+AB2-2.0A.AB. cos OAB
— OB?=0A?+AB?-2.0A.AB. cos (180°-65)
OB?=0A%+AB?+2.0A.AB. cos 0,

2 a2 2
_ OB?-OA -AB
cos 83 = 2.0AAB

Suy ra (8):

oB2- |22- 32
cos 03 = b (8)

Tacé (9) - (10):

sin 03 + cos? 03=1

sinB3=+,/1-cos2 B (9)

Dé tinh 65 chinh xac, tranh 16i mién gia tri cta
ham Arccos, dung ham Arctan (10):

B3=Arctan(sin6;, cosf3; ) (10)

Tacé (11) - (13):

0,=623-03>

923=Arctan(g—2) (11)
l3sin®

B3,=Arctan( - 335';05393 ) (12)

W |
e %
b)
_ BXp I3sin 93
—'92—Arctan (O_Xb) -Arctan( m (13)

2.2. M6 hinh héa canh tay Robot SCARA v&i
Rviz

Viéc mé hinh héa canh tay Robot SCARA
trong nghién ctru nay dwoc thwc hién théng qua
cac bwdc sau: Cai dat hé diéu hanh Ubuntu; Tao
mai trirdng lam viéc; Xay dwng md hinh véi URDF;
Van hanh moé hinh.
2.2.1. Cai dat Linux Ubuntu

DP4u tién, tai File VirtualBox ttr trang chu
https://www.virtualbox.org/ [12] sé& dwgc mot file
cai dat (Hinh 3a). Vao trang https://ubuntu.com/
[13] dé tai va lwa chon nhirng phién ban Ubuntu
phu hop véi ciu hinh may tinh (Hinh 3b).

Két qua trong nghién clu nay duoc xay
dwng vé&i phién ban Ubuntu 22.04 LTS (Jammy
Jellyfish). Sau khi vao trang cua phién ban Ubuntu
22.04 LTS (Jammy Jellyfish), click vao 64-bit PC
(AMD64) desktop image dé tai phién ban nay
xubng. Khuyén nghi nén chon phién ban hé tro' dai
han (Long Term Support - LTS) vi tinh én dinh va
hé tro' cao cho ROS.


https://www.virtualbox.org/
https://ubuntu.com/
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VBVirtualBox ....... Download . Docementaticn  Commantty @ | 1

Powerful open source
virtualization

For personal and enterprise
use

VirtualBox is a general-purpose Get Started

full virtualization software for Download

x86_64 hardware (with version . "
7.1 additionally for macOS/Arm o,
and with version 7.2 also for
Windows/Arm), targeted at laptop,
desktop, server and embedded
use.

Benarae wid patterm

5 wleaen ubontu com

ubuntu® releases

These releases of Ubuntu are available
Standard support Extended Security
Maintenance (ESM)

Interim Releases

LTS Releases

Ubunte 20.04.6 LTS (Focel Fossa) »
UBantis 18.04.6 LTS (Blonic Baaver) »
UBunty 16.04.7 LTS Oendal Xerut) +

1 26.04.1 LTS (Resolute Raccoon) UBanty 25.10 (Questing Quokka) »
04.4 LTS (Nodle Numbat) »

USuntu 22.04.5 LTS Uamarry Jolyfin)
Ubuntis 14.04.6 LTS {Trusty Tatv) s

Thare are 2 types of LBunty rolaases: Intenim and LTS, Each Libunty LTS & mantained
for 30 years total: 5 yeors of standard support « § years of ESM. Internim relexses are
maketained for 9 months

For the Uburty release Cycie plaase see- The |

W0 30 hapey 0 pronidie hosting 106 th FOROWING S OPaCTS Wil Ehe Camage sy
While thay are 0ot comimerndiaily wpported By Canonical, they recoie (UE suppordt

b)

Terum e ¢oamimn nitle<

Hinh 3. Quy trinh cai dat Linux Ubuntu: a) Trang chd cai dat; b) Lwa chon phién ban hé diéu hanh
Ubuntu phu hop.

2.2.2. Quy trinh tao mé hinh trén ROS 2

Sau khi cai dat hé diéu hanh Ubuntu, viéc
tiép theo 14 can cai ROS 2 trén hé diéu hanh nay.
Mbi phién ban Ubuntu chi hé tro tét nhat cho moét
phién ban ROS nhét dinh (Bang 2). V&i hé didu
hanh Ubuntu 22.04 LTS dang st dung, phién ban
cai dat phu hop nhét chinh 1a ROS 2 Humble. Dé
cai dat ROS 2 Humble, c6 thé vao trang hd tro va

theo cac bwdc hwéng dan cu thé dé tién hanh cai
dat [8, 13].

Sau khi cai dat xong, tién hanh kiém tra phién
ban ROS 2 da dwoc cai dat bang cau l&énh: “echo
$ROS_DISTRO” (Hinh 4). Két qua nhu trén cho
thay hé théng cai dat ROS 2 Humble. Tiép theo, c6
thé kiém tra da cai dat phién ban ROS 2 véi cau
[énh: “Is /opt/ros/humble” (Hinh 5).
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Bang 2. Hé diéu hanh Ubuntu va ROS 2 twong trng

STT Hé diéu hanh Ubuntu ROS 2
1 18.04 Dashing Diademata
2 20.04 Foxy Fitzroy
3 22.04 Humble Hawksbill
4 24.04 Jazzy Jalisco
ubuntu@ubuntu:~ - O X Lénh source install/setup.bash; source
/opt/ros/humble/setup.bash;source

ubuntu@ubuntu:~$ echo SROS_DISTRO
humble
ubuntu@ubuntu:~$ I

Hinh 4. Xac nhan phién ban ROS 2

ubuntu@ubuntu: ~ = (@ 6%
ubuntu@ubuntu:~$ 1s /Jopt/ros/humble
bin opt
cmake setup.bash
include setup.sh
1ib setup.zsh
local share
local_setup.bash src
local_setup.sh test
_local_setup_util.py tools
local_setup.zsh

Hinh 5. CAu tric thw muc cai dat ROS 2

2.2.3. Tao moéi trweng co ban cho canh tay
Robot

Kh&i dong Ubuntu trwéc, m& Terminator.
DPAu tién, nhap mkdir --parents prr_ws/src + enter
dé tao khong gian lam viéc cho canh tay Robot.
Nhap cd ~/prr_ws + enter dé vao thw muc vira tao,
st dung lénh colcon build két thic qua trinh tao
(Hinh 6).

o] “colcon build” successful

/home/ubuntu/prr_ws

. ubuntu@ubuntu: ~/prr_ws 64x24
ubuntu@ubuntu:~$ mkdir --parents prr_ws/scr

cd ~/prr_ws

colcon build

Starting >>> prr_bringup

Starting >>> prr_control

Starting >>> prr_description

Finished <<< prr_bringup [0.34s]

Finished <<< prr_description [0.36s]

Finished <<< prr_control [0.91s]

Summary: 3 packages finished [1.15s]

Hinh 6. Tao khéng gian lam viéc ban dau

~Iprr_wsl/install/setup.bash la mét 1énh rat quan
trong khi lam viéc véi ROS 2 c6 nhiém vu thiét 1ap
moi trwdng lam viéc cho ROS 2 trong terminal —
Ctra sb6 dong lénh hién tai. Vi vay, can st dung
lénh nay dé cap nhat méi trwérng cho terminal hién
tai.

Nhw vay, phan thiét lap méi trworng cho canh
tay Robot d& co ban hoan tat, dm bao sdn sang
cho cac bwadc trién khai mé phéng va diéu khién
tiép theo (Hinh 7 va Hinh 8).

ubuntu@ubuntu: ~/prr_ws

. ubuntu@ubuntu: ~/prr ws 64x24

ubuntu@ubuntu:~/prr_ws$ source install/setup.bash
source /opt/ros/humble/setup.bash
source ~/prr_ws/install/§etup.bash

Hinh 7. Thiét 1ap méi trwdng l1am viéc cho ROS 2

Starting >>> prr_bringup

Starting >>> prr_control

Starting >>> prr_description
Finished <<< prr_bringup [0.34s]
Finished <<< prr_description [0.36s]
Finished <<< prr_control [0.91s]

Summary: 3 packages finished [1.15s]

Hinh 8. Da thiét lap xong khéng gian lam viéc
2.2.4. Tich hep md hinh URDF cua canh tay
Robot va cac thanh phan lién quan

DPA4u tién tao cac thw muc chinh dé chira cac
file tao nén mé hinh Robot va diéu khién Robot
trong ROS 2. Trong thw muc prr_description chira
tép md ta mo hinh canh tay Robot SCARA.

DPoan ma URDF (Hinh 9b) m ta cAu trdc vat
ly va dong hoc clia mdt Robot mang cau hinh PRR
(Tinh tién - Xoay - Xoay) v&i 3 bac tw do (3-DOF),
két hop cung mét co cdu chap hanh cubi. Vé co
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ban, hé théng dwoc ciu thanh tr cac phan chinh
sau:

Pé va khung dan huwéng: Bao gdm bé d& cb
dinh lién két véi mot gia d& thdng ding, dong vai
trd lam diém twa va truc dan hwéng cho toan bd
chuyén déng cda canh tay.

Hé thdng truyén dong (3-DOF): Khép 1
(Khép tinh tién - Prismatic): Cho phép toan bé cum
canh tay trwot Ién/xubng doc theo gia d& théng
dirng dé thay ddi dd cao; Khép 2 va Khép 3 (Khép
xoay - Revolute): La hai khé'p ban 1& ni tiép nhau
trén méat phang ngang, gidp canh tay Robot mé&
réng tam véi va dinh vi chinh xac diém cudi trong
khbng gian lam viéc.

Co céu tay gap (Gripper): Puwoc gan & khau
cudi cung cta Robot, bao gébm hai ngén kep dbi
xtng str dung co ché khép xoay dé thwc hién thao
tac déng/mé kep vat thé.

Giao dién diéu khién (ros2_control): M6 hinh
dwoc tich hop sdn cau hinh hé thdng diéu khién

-4

,} Home

prr_ prr_control prr_
bringup description
a)
prr...rol / prr_control Q
& A
control_ control_ __init__.py
qui.py gui.ui
c)

Nguyen & nnk

gia lap ctia ROS 2. Trong d96, ca ba khép chinh déu
dwoc thiét 1ap giao dién nhan lénh va phan héi theo
vi tri (position interface), sdn sang cho cac bai toan
mé phdéng quy dao va tinh toan déng hoc nguoc
(Inverse Kinematics).

Tiép theo (Hinh 9c¢) la thw muc chira céc file
tao ra bang diéu khién cac géc xoay va tinh toan
déng hoc thuan va dong hoc nghich cta canh tay
Robot. Cu thé, file control_gui.py déng vai tro la file
chinh dé khai tao va hién thj bang diéu khién; trong
khi d6, cac file ui_control_gui.py va control_gui.ui
duwoc sir dung dé xay dwng va thiét ké giao dién
ngwdi dung cta hé théng diéu khién (Hinh 10).

Tai (Hinh 9d) la thw muc chra file launch,
dwoc st dung dé khéi dong va quén ly dong thoi
nhiéu phan mém (node) cta hé théng Robot chi
bang mét cau lénh duy nhat. Thu muc doéng vai trd
nhw mét bo diéu khién trung tam trong qué trinh
khéi dong hé thdng, cho phép ngudi dung tw déng
nap cac théng sb cau hinh (parameters).

prr_ws src Prr_WE Src prr_descr :||.i
prr_robot.
urdf
b)
= | v Prr_ws Src prr_bringup
o
display.
ui_control_ launch.py
qui.py
d)

Hinh 9. CAu tric thw muc workspace ROS 2 cho Robot SCARA: (a) Workspace chinh clia mé hinh canh
tay Robot SCARA,; (b) File URDF mo6 td mé hinh Robot SCARA trong ROS 2; (c) Thw muc chira giao
dién tinh toan déng hoc; (d) Thu muc chiva file launch khéi déng hé théng Robot
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Diéu khi€n Robot PRR = @ &
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e Khuyu tay dudi

V& vi tri gbc (Home)

Hinh 10. Giao dién diéu khién Robot bang tinh toan déng hoc

2.2.5. Chay md hinh trén ROS 2

Trwéc tién, d& mé mod hinh, truy cap vao
package prr_ws bang lénh cd ~/prr_ws + enter.
Sau d6 can build va source lai mdi truéng trwde khi
cho Robot chay bang lénh rm -rf build install log;
colcon build; source install/setup.bash. Tiép theo
nhap 1énh ros 2 launch  prr_bringup
display.launch.py dé khéi tao md hinh Robot trong
ROS 2 (Hinh 11).

Khi chay md hinh trén ROS 2

Tai bang déng hoc thuan nhap cac gia tri: d:
= 25 cm, 0,=30°, 83=70° (Hinh 12) va tinh dwoc
cac gia tri dong hoc ngwoc X, = 0.182, Y, = 0.322,
Z, = 0.350 (Bang 3).

Bang dong hoc ngwoc da tinh ra cac gia tri:
Xp = 0.182, Yp = 0.322, Z, = 0.350, sau d6 tra vé
cac gia tri dong hoc thuan d; = 25cm, 6,=30°,

03=69.94° (Bang 4).

Bang dong hoc thuan nhap cac gia tri: d1=17
cm, 6,=23.27°, 83=59.5° (Hinh 13) va tinh dwoc
cac gia tri déng hoc X,=0.255,
Y,=0.297, Z,=0.270 (Bang 3).

Bang dong hoc ngwoc da tinh ra cac gia tri:
X,=0.255, Y,=0.297, Z,=0.270 sau d6 trd vé cac
gia tri déng hoc thuan d; = 17 cm, 6,=23.23°,
05=59.51° (Bang 4).

Bang déng hoc thuan nhap cac gia tri: di =
17cm, 8,=—45%, 83=—60° (Hinh 14) va tinh dwoc
cac gia tri dong hoc nguoc X,=0.125, Y,=-0.37,
Z,=0.27 (Bang 3).

Bang dong hoc ngwoc da tinh ra cac gia tri:
X,=0.125, Y,=-0.37 , Z,=0.27, sau d0 tra vé cac gia
17cm, 6,=-45.01°,

nguwoc

tri dong hoc thuadn d; =
05=—59.98° (Bang 4).

10
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=]

source install/setup.bash

Starting >>> prr_bringup

colcon build [1/1 done] [0 ongoing]

[INFO] [robot_state_publisher-1]: process has finished cleanly [pid 9330]
ubuntu@ubuntu:~/prr_ws$ cd ~/prr_ws

chmod +x src/prr_bringup/scripts/gui_node.py

colcon build --packages-select prr_bringup --symlink-install

ros2 launch prr_bringup display.launch.py

0.

0.

Finished <<< prr_bringup [0.15s]

Summary: 1 package finished [0.41s]
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~ i Global Options
Fixed Frame

Frame Rate

v Fixed Frame

» @ Grid
~ i, RobotModel

» v status: Ok
Visual Enabled
Collision Enabled
Mass Properties
Update Interval
Alpha

Description File

TF Prefix
Links

Background Color

Add
(© Time

Reset

~ v Global Status: Ok

Description Sou...

ROS Time: |1787944497.52

base

EEISCIEIKeIIN [1255; 255; 255

30

OK
v
v

v
0

1
Topic

Description Topic /robot_description

Background color for the 3D view.

lo]

. <Fixed Frame>
3.94451

ROS Elapsed: [251.74 Wall Time: |1787944497.55

B —0.

Type:  Orbit (rviz_defat ~ Zero ] —0.

DOng hoc thuén

- 0.05 d1 0.000
. V]

4.69856
0.865398 theta2 ' 0.000
0.3068; 0.14797;....

theta3 | 0.000

0.

Diéu khién Robot PRR

tam véi toi da
4 1 tam vi t6i thiéu
3
2 \
\
\
\
S |
0 —
v v
/
2 4 /
/
TN U et

-0.50 -0.25 0.00 025 0.50

</ Bx 0.450
2 By 0.000
</ Bz |0.100

Tinh ddng hoc thuén (FK)

D0ng hoc nghich
Bx [0.000 = d1 0.0
By 0.000 |3 theta2 0.0
Bz [0.000 | theta3 0.0
REROUe Rename | ® Tudéng Khuyu tay trén Khuyu tay dugi
o] Tinh ddng hoc nghich (1K)
Experimental
31 fps Diéu khi€n Robot di chuyén

Hinh 11. Giao dién sau khi kh&i tao mé hinh Robot trong ROS 2
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Bang 3. Panh gia sai sb ddng hoc thuan
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Truwong hop kiémthee  Thong sb (dq, 85, 63) Toa dd (x, y, 2) Sai sb
Hinh 12 (25cm, 30°, 70°) (0.182m, 0.322m, 0.35m) Léch = 0.06°
Hinh 13 (17cm, 23.27°, 59.5°) (0.255m, 0.297m, 0.27m) Léch = 0.04°
Hinh 14 (17cm, -45°, -60°) (0.125m, -0.37m, 0.27m) Lach = 0.02°

Béng so sanh sai sé FK (Thuan) va IK
(Nguroc)

Két qua tai Bang 3 cho thay sai sb dong hoc
thuan dao déng 0,02°-0,06° trén ca ba trwong hop
kiém thr (Hinh 12—14), nhd hon dung sai géc quay
thwong gap & dong co servo trong md hinh giao
duc (0,1°-0,5°), cho thdy mé hinh D-H dd chinh
x&c lam nén tang diéu khién, du chwa dat nguéng
khat khe cta Robot céng nghiép (dwai 0,01°). Sai
s6 nay cha yéu dén tir (1) 1am tron sé khi chuyén
ddi toa d6 Descartes sang goc khép trong gidi
dong hoc nguoc bang phwong phap hinh hoc, va
(2) d6 phan giai hién thi géc trén giao dién
control_gui.py chwa dat d6 chinh xac thap phan
day du, c6 thé khac phuc bang cach tang dd phan

gidi tinh toan va bd sung thuéat toan hiéu chinh &
giai doan sau.

So véi cac nghién ciru md hinh ban sao sbé
bdng cac phan mém khac nhw RoboDK,
MATLAB... ROS 2 tap trung vao ddng bd hai chiéu
th&i gian thwee gitra Robot cong nghiép/céng tac va
moi tredng 4o, md hinh trong nghién ctru nay maoi
dirng & mirc mé phdng déng hoc thuan tay, chwa
tich hop déng lwc hoc hay phan hdi cadm bién thuc
[14]. Do d6, sai sb tai Bang 3, Bang 4 chi phan anh
do chinh xac thuat toan va mé hinh hinh hoc, chwa
bao gdm sai sé déng lwc hoc thue té (quén tinh,
ma sat, do tré co khi), day la gi¢i han can dwoc lwu
y khi so sanh két qua ctia nghién ctru nay véi cac
mé hinh ban sao s hoan chinh da céng bé.

RViz*
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(interact  {Move Camera [ JSelect FocusCamera == Measure * 2D Pose Estimate
’
© Time
ROS Time: 5237.45 ROSElapsed: 991.67 Wall Time: 945237.48 wall Elapsed: 991.67
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Hinh 13. Nhap céac gia tri déng hoc (gia tri goc 1é)

12
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e
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Hinh 14. Nhap cac gia tri ddng hoc (gia tri goc am).
Bang 4. Panh gia chéat lwong déng hoc nguorc.

Trwong hop Toa dd

Ché d6 lwachon Goc tinh ra béi ROS 2

Nhan xét Thuat toan

kiém thiy (X, Y, 2) trén GUI (dy, 8o, 03)
(0.182m, .
25cm, 30°, ing, > 0. Tay gap vé phia
Géc dwong  0.322m, ELBOW - UP ( Sin oz A y g pVvep
70°) trai/lén. Chuan xac.
0.35m)
(0.125m, inf, < 0. Tay gap v& phia
o ELBOW - (17cm, -45°, sz < B Ty 9ap ve P
Gé6c am -0.37m, phai/xudng. Cung t&i 1 diem.
DOWN —60°) 2
0.27m) Chuan xac.
. (0.255m,
Nam ngoai . R ~ R . N £
Am Vi 0.297m, Khong kha dung Khoéng chay Canh bao dwoc vung cam
0.27m)

Tém lai, trong khdng gian lam viéc cda md
hinh SCARA, tai mét vi tri toa d6 (x, y, z) béat ky,
phwong trinh gidi ddng hoc ngwoc ludn tra vé hai
bd nghiém géc khép 6., 85 twong dwong véi hai vé

+

cla ham sin#,. Hé qua hinh hoc cta hai bd
nghiém nay la hai cdu hinh tay may: Elbow-up
(Khép khuyu gép theo chiéu dwong) va Elbow-

down (Khép khuyu gép theo chiéu am). Trong giao
dién diéu khién nhang trén ROS 2, nhém nghién
clru da thiét lap thanh cdng co ché cho phép lva
chon bd nghiém. Khi can tiép can vi tri c6 chwéng
ngai vat nhat dinh, viéc linh hoat thay déi gitra hai
cau hinh nay gitp khéng gian lam viéc cta Robot
an toan va tbi wu hon, tranh hién twong va cham

13
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co khi (Bang 4).
2.3. Hwéng xay dwng phan cirng thuwec té
Pé t6i wu hoa qua trinh phat trién, nhom
nghién ctru ap dung quy trinh tir thiét ké mé phéng
dén ché tao thwc nghiém, st dung phan mém
SolidWorks v&i cac giai doan sau:
2.3.1. Thiét k& md hinh 3D
SolidWorks dwoc dung dé xay dwng va I&p
rap chi tiét cac cum co cau cia Robot (Hinh 15):
Co cAu nang ha (Truc Z): St dung thanh dan
hwéng va truc vit me dan dong bang dong co, gitp

0
(\V

\\luluiultl\
- —

e

LT
| -
W ¢ &

Nguyen & nnk

bé Robot di chuyén tinh tién theo phwong thang
dirng.

Khop xoay va truyén dong: Cac khép duoc
lién két bang gia d& kim loai (bracket). Thiét ké st
dung bd truyén dai rang (timing belt) nham dam
bao chuyén déng xoay 6n dinh va mwot ma.

Co clu chéap hanh: Tich hop tay gap hai
ngon (gripper) & dau cudi dé gap va thao tac voi
phdi. Viéc thiét ké 3D gitp kiém soat chinh x&c kich
thwéc va khd nang twong thich cta céac chi tiét
trwéde khi gia cong.

Hinh 15. M6 hinh 3D cta Robot SCARA trén SolidWorks

2.3.2. M6 phéng dong hoc

M6 hinh hoan chinh dwgc chay md phdng
chuyén dong trén phan mém dé danh gia khong
gian lam viéc (workspace) va phat hién s&m cac
rdi ro va cham co khi. Bwéc nay gitp giam thiéu téi
da sai sot thiét ké, tiét kiem vat tw va thoi gian gia
cbng.

2.3.3. Gia cong va lap rap thwec té

T md hinh s, nhém nghién ciu xuét ban
vé k§ thuat 2D dé tién hanh gia cong co khi (phay
CNC, in 3D...). C4c linh kién sau d6 dwoc lap réap,
d4au ndi mach diéu khién va chay th& nghiém. D
liéu van hanh thuc té sé dwoc so sanh véi két qua
md phdng dé tinh chinh d6 chinh xac.

Két luan: Sy két hop gitra thiét ké sb va ché
tao thuc t& cho phép kiém tra trwéc twong thich co
khi gitra cac cum chi tiét, qua d6 giam sb lan tha-
sai trong giai doan gia céng thwc té va hé tro truc

quan héa qué trinh thiét k& phuc vu giang day.
3. Két luan va hwéng phat trién

Déng gbp cla nghién ciu: Bai bao da thiét
ké va tinh toan ddng hoc thanh céng méd hinh canh
tay Robot SCARA 3 bac tw do. Trén nén tdng ma
nguén m& ROS 2, nhém tac gid da déng géi md
hinh thanh mét quy trinh trwc quan, bao gém cac
buwdrc tir thiét 1ap Workspace, thong s6 URDF dén
giao dién diéu khién GUI kiém ching trén RViz.
Két qua nghién ctru déng vai trd nhw mét hoc liéu
thwe hanh tiéu chuén, dap rng tryc tiép nhu cau
phwong phap giao duc STEM cho sinh vién NCKH
tai trwdng dai hoc [2].

Han ché cla nghién ciru: Tuy md phéng dat
dd chinh xac vé méat quy dao, md hinh hién tai méi
chi dirng lai & mirc md phdng chuyén déng thuan
tdy (Kinematics Simulation). Do chwa cé co ché
ddong bd tin hiéu hai chiéu (Bi-directional

14
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synchronization) va chwa tich hop vat ly déng lwc
hoc tr phdn mém Gazebo, hé théng chwa do
lwdng dwoc cac sai sb thuc té va chwa dap tng
day da tiéu chuan ctia mot ban sao s hoan chinh
[14].

Hwéng phat trién tiép theo: Dé khac phuc cac
nhuwoc diém trén, hé théng sé tiép tuc dwoc nang
cép v&i ba muyc tiéu chinh & giai doan sau:

- Ché tao phan ctrng: Lap rap md hinh vat ly
hoan chinh nham chay thwc nghiém va do lwéong
dinh lwong céc sai sb dinh vi.

- M6 phéng déng lwc hoc: Tich hgp moi
trwong vat ly da hé Gazebo (Gazebo Physics
Simulation) dé tinh toan luwc quan tinh, ma sat, d6
tré va trong lwong thuc té.

- Giam sat khép kin: St dung trinh diéu khién
ros 2_control dé& cap nhat tin hiéu phan hdi tr cdm
bién thuwc (Sensor Feedback) vé lai khéng gian &o,
hoan thién méi trwérng ban sao sé 2 chiéu.

L&i cam on

Nghién ctru nay dugrc tai trg tir chwong trinh
nghién cru khoa hoc sinh vién ctia Trwdng Dai hoc
Giao théng Van tai Thanh phé H6 Chi Minh. Nhém
tac gid chan thanh cdm on sy hé tro tai chinh va
thiét bj thi nghiém ctia Ban Céng nghé Chién lwoc,
Truéng Pai hoc Giao théng Van tai Thanh phé H6
Chi Minh cho dé tai “Thiét ké, ché tao mé hinh canh
tay Robot hé cAu tric SCARA két hop mé phdng
ky thuat s6 str dung ROS 2 nham phuc vu cdng tac
gidng day hoc phan Robot céng nghiép va xay
dwng cau lac bd STEM tai UTH” ma sé KHSV2616.
Tuyén bé vé viéc str dung Al tao sinh

Trong qua trinh chuan bj bai bao nay, nhém
tac gia da st dung NotebookLM va Gemini Al
nham cai thién kha nang doc hiéu va dién dat ngdn
ngl cta ban thao. Sau khi str dung cac céng cu
nay, nhom tac gia da ra soat va chinh stra ndi dung
khi can thiét, ddng th&i chiu hoan toan trach nhiém
vé ndi dung ctia bai bdo dugc cong bd.
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