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TOM TAT

Hoat déng diéu khién tir xa cGia robot hinh ngwéi dang tré thanh trong tdm cho nhiéu rng
dung, tuy nhién céc giai phap diéu khién hién tai thwong phu thudc vao cac thiét bi dat
tién. Bai bao trinh bay thiét ké va ché tao mot hé thdéng robot hai canh tay mé phéng co
thé _Nguoi, voi céu hinh 6 bac tw do cho méi canh tay, trong dé rng dung giai phap diéu
khién bam theo chuyen dong cia nguoi diéu khién thdng qua camera 2D tiéu chuén. Bai
toan dong hoc va phan mém mé phdng 3D dwoc thiét lap d& danh gia kha nang nhan
dién va diéu khién chuyén ddng clia tay may theo chuyén déng ctia nguoi thwe. Dé khac
phuc sai sb chiéu sau va hién twong che khuat cac diém anh tai mot sé tw thé, hé thdng
tinh toan géc khop thdng qua tich vo hwdng hinh chiéu 2D va x{ ly di¥ liéu khung xwong
MediaPipe bang bd loc théng thap ky thuat sb. Khéi phan cirng tich hop dong co buorc,
RC Servo va cadm bién tir tredng giao tlep théng qua 12C va SPI trong mét kién trac diéu
khién phan tan. Hé thong da dwoc ché tao va thir nghiém thanh cong, két qua cho thay
canh tay robot vat ly bam sat 6n dinh clr chi ngwdi diéu khién, gidm thiéu dwoc rung lac
co’ khi va do tré.

T khéa: Canh tay robot dang ngui; thiét ké va ché tao robot; mé phdng; thi giac may tinh.



ABSTRACT

Remote control of humanoid robots has been being a focus for many applications;
however, current control solutions often rely on expensive equipment. This paper
presents the design and fabrication of a two arm robotic system simulating the human’
arms, with a 6-degree-of-freedom configuration for each arm, employing a control solution
that tracks the operator's movements via a standard 2D camera. Kinematics and 3D
simulation software were established to evaluate and control the robot arm's ability by
recognizing human movement. To overcome depth errors and pixel obscuration in certain
poses, the system calculates joint angles using the dot product of 2D projections and
processes MediaPipe skeletal data with a digital low-pass filter. The integrated hardware
includes stepper motors, RC servos and magnetic field sensors communicating via 12C
and SPI in a distributed control architecture. The system has been successfully built and
tested and the results show that the physical robotic arm tracks the operator's gestures
stably, minimizing mechanical vibration and latency.

Keywords: Humanoid robotic arm; design and fabrication; simulation; computer vision;

1. DAT VAN BE

Diéu khién hé théng canh tay robot tir xa 1a mét linh viec nghién ctru trong tam va
thu hat nhiéu sy quan tam trong linh virc nghién ctru va phat trién robot hinh nguei [1-
4]. Robot hinh ngui duwoc xac dinh la c6 nhiéu rng dung thuc tién, trong dé hién nay
dang dwoc hwdng téi cac rng dung hé tro' y té, phuc hdi chirc nang va lam viéc trong
moi trrdng doc hai [5]. Dé mot hé thdng co khi cé thé twong tac tw nhién véi con ngudi,
van dé cot I6i nam & viéc thiét ké két cau phén ctrng linh hoat két hep v&i nén tang thu
thap di lieu dau vao 6n dinh. Hién nay, cac g|a| phap diéu khlen cht yéu phu thudc vao
thiét bi deo hoac camera chiéu sau 3D, dan dén sy gia tang vé chi phi va tinh céng kénh
khi trién khai thuc té.

Nghién clru nay trinh bay qua trinh thiét k& va ché tao mét hé théng robot hai canh
tay mé phdng hé canh tay ctia con ngudi [6, 7], thiét ké dwoc thu gon téi wu véi 6 bac tu
do (DOF) cho méi canh tay. Dong thei, dé xuét gidi phap diéu khién bam sat chuyén dong
théng qua camera 2D tiéu chuan, viéc s&r dung camera 2D két hop thuat toan hoc sau
trich xuét cac diém méc sinh hoc mang lai loi thé vé chi phi [8, 9] va tinh dé tiép can. Tuy
nhién, thach thtre dat ra la d liéu hinh anh thuwdng xuyén gap hién twong chap chon
diém anh va sai sb |én & truc chiéu sau. D liéu r&i rac nay khi truyén tai xuéng co cau
chap hanh co khi gay ra d6 rung lac cao va trwot buwéc ddong co. Cho nén, trong nghién
clu nay tap trung vao diéu khién 3 goc khép chiu tai trong Ién nhat la géc khép xoay
doc, xoay ngang vai va géc khdp gap khuyu tay [9]. M&c du géc khép diéu khién da duoc
tinh gidn nhwng bai toan déng hoc thuan van dwoc thiét 1ap tdng quat trén toan bd 6 DOF
moi canh dé dam bao tinh minh bach trong viéc danh gia sai sb toa dd diém cubi.

Dé khéc phuc cac nhuoc diém clia camera 2D dbi véi hé théng, thuat toan tinh toan
goéc quay dwoc cai tién bang viéc két hop dinh ly tich vé huwéng vector khéng gian 3D va
tich vé hwéng cla cac vector hinh chiéu 2D nham phan ra chuyén dong chinh xac, két
hop véi bd loc théng thap ky thuat s6. Sw két hop gitra nén tdng co khi virng chac, thuat
toan thi giac x& Iy nhiéu sé tao ra hé théng thao tac van hanh én dinh.

2. CAU TRUC CO KHi VA MO HINH PONG HOC CANH TAY ROBOT 6 BAC TU’' DO
2.1. Cau trac hé hai canh tay robot hinh ngwei
Hé thdng hai canh tay robot dang nguwdi trong nghién ctru nay duoc thiét ké va ché



tao dwa trén nguyén ly mé phéng cau trac gidi phau hoc ctia chi trén co thé ngudi. Thiét
ké co khi cho phép phan bd khéi lwgng va khdi truyén déng mét cach cé chién lwoc.
Theo d6, 4 khdp gde (ving vai va khuyu tay) chiu tai trong nang va yéu cadu mé-men xoan
I&n dwoc wu tién st dung dong co budc két hop hop giam téc. Ngwoc lai, hai khép &
vung cb tay c6 chuyén déng linh hoat duwoc thiét ké st dung déng co RC Servo nham
giam tdi da khdi lwong treo & diém cudi cla canh tay. Hé théng canh tay robot véi méi
canh 1a 6 bac tw do nhw trong Hinh 1 cé cu trac truyén déng va chirc nang twong (rng
v&i 6 khép. Khép 1 thue hién xoay vai quanh truc thang dirng, st dung déng co budc
két hop hop gidm téc Harmonic CSF14-50 (ty sé truyén 1:50). Khép 2 thwe hién nang/ha
canh tay, st dung dong co buwdc két hop hop gidm tbc HPG-14-A33 (1:33) va bo truyén
dai. Khép 3 thue hién xoay canh tay quanh truc doc, st dung déng co buwédc két hop hdp
giam tdc HPG-11B-09 (1:9). Khép 4 thue hién gap/du6| khuyu tay, str dung déng co bwéc
két hop hop giam toc HPG-11B-09 (1:9) va bd truyén dai. Khép 5 va 6 thye hién twong
(rng xoay va gap co tay, str dung cac dong co RC Servo. Hé canh tay dwoc ga dat trén
mot khung d& di déng bang cac banh xe (Hinh 1).

Nham phuc vu cho qué trinh theo d&i va danh gia cho hé thdng co khi truwdc gidi
han nhan dién ctia camera 2D, bai toan dong hoc thuan dwoc thiét lap. Phuwong phap
Denavit-Hartenberg (D-H) dwoc sir dung dé gan cac hé truc toa dd cuc bd cho ca hai tay
[5,10]. So d6 gan truc toa dd6 D-H théng nhéat cho toan bo hé théng hai canh tay trai va
phai nhw trong Hinh 1 v&i kich thudc cac khau & hai canh tay la nhw nhau nhwng co tinh
déi xtng. Dwa trén céu truc hinh hoc, bd théng sd D-H cho cac khau tng véi cac hé truc
duwoc tdng hop trong Bang 1. Trong do, cac bién khép duoc ky hiéu kém véi tién t6 q,
khoang cach co s& trén ba vai duwoc ky hiéu 1a ar va chiéu dai cac khau lién tiép 1a Lo,
Ls, L4, Ls.
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Hinh 1. So d6 gén hé truc toa do cuc bd theo nguyén tac D-H
cho hé thong hai canh tay trai - phai

Bang 1. Bang tham sb Denavit-Hartenberg cho toan bd 6 khau cla 2 canh tay

Canh tay phai Canh tay trai
Khau a a d (7] Khau a a d (7]
1 0 -/2 ar -gR1 7 0 -1T/2 -ai -qL1




2 0 | -m/2 0 qRZZ'”/ 8 0 | m/2 | 0 |qu+r/2
3 0 -r/2 | L2+Ls gRr3 9 0 -r/2 | L2+L3 -gL3
4 0 /2 0 -Qr4 10 0 /2 0 qL4
5 0 -mt/2 | Latls qrs 11 0 -mt/2 | Latls -qus
6 0 0 0 -qRé 12 0 0 0 -qLe

2.2. Bai toan déng hoc thuan

Bai toan dong hoc thuan dwoc thiét 1ap day di cho md hinh 6 DOF trén ca hai canh
tay. Phuwong phap Denavit-Hartenberg (D-H) dwoc st dung dé dinh vi cac hé truc cuc bd.
Ma tran chuyén dbi thuan nhét cuc bo Ai tir khau th i-1 sang khau th i dwoc xac dinh
bang phwong trinh tiéu chuan sau:

Co —S¢C, S¢S, aCy
S CyC, —CpS, as

A = (7] 0La 6« 6 1

! 0 Sa Cq d (1)
0 0 0 1

Trong d6, C va S lan lwot 1a ky hiéu cla ham cos va sin cla cac géc duoc cho bdi
chi sb dwdi. Ma tran chuyén dbi téng quat tr hé toa dd gbc dén diém cubi thu dwoc bang
cach nhan lién tiép 6 ma tran thanh phan:

A=A X A, X A3 X Ay X As X Ag (2)

Phwong phap nay dwoc ap dung cho tat ca cac khau cla canh tay robot d thiét ké
v&i cac tham sb trong Bang 1, dwoc st dung dé tinh toan ddng hoc va diéu khién tay
may robot. Khi do, cac ma tran blen dbi cho canh tay va ban tay tir hé toa do XpYpZ, sang
hé toa dd X,Y,Z, lan lwot dwoc xac dinh nhw sau:

[ Cgp —Sgp 0 0
A = S6,Cay C8,Cay —Sa, O 3)
Se,Sa, CoySa, —Sa, O
0 0 0 1
Ma tran bién déi cho cac khdp clia canh tay dwoc viét dwdi dang téng quat nhw sau:
at; af, af; af,
A, = az, as, ajz; al, (4)
“Tlak, ak, ok, ak
31 32 33 34
L0 0 0 1

V&i k la chi sé cla khau trén mbi khé'p clia canh tay. Cac gia tri a . theo cdng thire
(4) ctia cac ma tran &ng véi cac khau dwoc cho trong Bang 2.
Bang 2. Bang ma tran chuyén dbi thuan nhéat gan véi cac khau
cla canh tay phai va tay trai

Tay | Khau | Ag Phan tir
) an Cqt1 a2 0 as Sqr1 a4 0
Tay Kh13u A, | a2 0 a» 0 a3 Cqr1 aza 0
phai asi 0 as2 -1 ass 0 as | a
Khau | A2 | @ | CqriSqrz | a2 0 ais | CqriCqrz | @ | O




2 a1 0 az -1 azs 0 az4 0
as1 Cqr2 asz 0 ass 0 as | a
an | Cgr1Sqr2Cqr3 — Sqr1SqT3 ais |0
anz | -1 ais | Cqr1Cyr2(Ly + L3)

Sqr19qT25qT3 —
A a» |0 az et
Kh38U A3 Cquch3
a2 Squchz az4 —SqT1CqT2 (Ly + L3)
831 CqTZCqT3 a33 O
as2 | Sqrz as | g — Sqra(Lz + L3)
Cqr1Cqr2Sqra — Sqra(Sqr1Sqr3s —
an | Cqra(Sqr1Sqrs — a3 | Cqr1Cqr3Sqgrz) +
Cqr1Cqr3Sqgr2) Cqr1Cqr2CqRs
az O aa Cquchz(Lz + L3)
Khau | A, —Cqra(Cqr1Sqrs + Sqra(Cqr1Sqrs +
4 a2t | Cqr3Sqr1Sqrz) — ax | Cqr3Sqr1Sqgr2) —
Cqr2Sqr1Sqra Cqr2CqraSqr1
a2 | Sqr15qr2Sqrs — Cqr1Cqrs axz | —CqraSqpi(Ly + L3)
ast | CqraCqr3Cqra — Sqr2Sqra asz |0
a2 |0 ass | a; —Sqgry(Ly + L)
Sqre(Sqra(Sqr1Sqrs — Cqr1Cqr3Sqrz) + CqriCqrrCqra) —
an CCIRe(CCIRs(CCIR4(SCIR1SCIR3 — Cqr1Cqr3Sqrz) —
Cqr1Cqr2Sqra) + Sqrs(Cqr3Sqr, + CQR1SCIR25QR3))
—Cqre(Sqra(Sqr1Sqr3 — Cqr1Cqr3Sqrz) + CqriCqr2Cqra) —
a2 SCIRa(CCIRs(CCIR4(SQR1SQR3 — Cqr1Cqr3Sqrz) —
Cqr1Cqr2Sqra) + Sqrs(Cqr3Sqr, + CQR1SQRZSQR3))
Sqre(Sqra(Cqr1Sqrs + Cqr3Sqr1Sqrz) — CqraCqraSqr1) —
as CCIRs(CQRs(CCIR4(CQR1SQR3 + Cqr3Sqr1Sqr2) +
Cqr2Sqr1Sqra) + Sqrs(Cqr1Cqrz — SCIRlquZSqR3))
Khau | A —Cqre(Sqra(Cqr1Sqrs + Cqr3Sqr1Sqr2) — Cqr2CqraSqri) —
5 a4 SQRs(CQRs(CCIR4(CQR1SQR3 + Cqr3Sqr1Sqr2) +

Cqr2Sqr1Sqra) + Sqrs(Cqr1Cqrs — SCIRlquZSqR3))

a1

—Cqre(Cqrs(Sqr2Sqra — CqraCqr3Cqra) + CqraSqr3Sqrs) —

Sqre(CqraSqrz + CqraCqr3Sqra)

a2

Cqre(CqraSqrz + Cqr2Cqr3Sqra) — Sqre(Cqrs(Sqr2Sqra —

Cqr2Cqr3Cqra) + Cqr2Sqr3Sqrs)

az | Cqr1Cqr2Sqra — Cqra(Sqr1Sqrs — Cqr1Cqr3Sqrz)
azx | 0

a3t | —Cqra(Cqr1Sqrs + Cqr3Sqr1Sqr2) — CqraSqr1Sqra
as2 | Sqr15qr2Sqrs — Cqr1Cqrs




ass | CqraCqr3Cqra — Sqr2Sqra
as |0
an —Cqrs(Cqra(Sqr1Sqrz — Cqr1Cqr3Sqrz) — Cqr1CqraSqra) —

Sqrs(Cqr3Sqr1 + Cqr1Sqr2Sqr3)

a2 | —=Sqra(Sqr1Sqrs — Cqr1Cqr3Sqrz) — Cqr1Cqr2Cqra

ans —Cqrs(Cqra(Cqr1Sqrs + Cqr3Sqr1Sqrz) + CqraSqr1Sqra) —
Sqrs(Cqr1Cqrs — Sqr1Sqr2Sqrs3)

a4 | CqraCqraSqr1 — Sqra(Cqr1Sqrs + Cqr3Sqr1Sqr2)

a2 | —=Cqrs(Sqr2Sqra — Cqr2CqrsCqra) — Cqr2Sqr3Sqrs

a2 | CqraSqrz + Cqr2CqraSqra

az3

Sqre(Sqra(Sqr1Sqr3 — Cqr1Cqr3Sqrz) + CqriCqr2Cqra) —

CQRe(CCIRs(CQR4(SQR1SQR3 — Cqr1Cqr3Sqrz) —

Cqr1Cqr2Sqra) + Sqrs(CqrsSqr: + CQR1SQRZSQR3))

6 Ag —Cqre(Sqra(SAr15qr3 — Cqr1Cqr3SAra) + Cqr1Cqr2Cqra) —
a4 SCIRs(CCIRs(CCIR4(SQR1SQR3 — Cqr1Cqr3Sqrz) —
Cqr1Cqr2Sqra) + Sqrs(CqrsSqr1 + Cqr1Sqr2Sqrs))
Sqre(Sqra(Cqr1Sqr3 + Cqr3Sqr1Sqrz) — Cqr2CqraSqr1) —
as1 CQRe(CCIRs(CQR4(CQR1SQR3 + Cqr3Sqr1Sqr2) +
Cqr2Sqr1Sqra) + Sqrs(Cqr1Cqrs — SQRISqRZSqR3))
—Cqre(Sqra(Cqr1Sqrs + Cqr3Sqr1Sqra) — CqraCqraSqri) —
as2 SQRe(CQRs(CQR4(CQR1SQR3 + Cqr3Sqr1Sqr2) +
Cqr2Sqr1Sqra) + Sqrs(Cqr1Cqrs — SQRISqRZSqR3))
ass —Cqre(Cqrs(Sqr2Sqra — Cqr2Cqr3Cqra) + CqraSqrsSqrs) —
Sqr6(CqraSqrz + Cqr2Cqr3Sqra)
as Cqre(CqraSqrz + Cqr2Cqr3Sqra) — Sqre(Cqrs(Sqr2Sqra —
Cqr2Cqr3Cqra) + Cqr2Sqr3Sqrs)
an Cqr1 a2 0 as SqL1 a4 0
Khau
7 Ay | a21 —SqL1 a 0 ax Cqr1 ax | O
as1 0 asz -1 ass 0 as | —aq
an | —CqriSqrz | a2 SqL1 as Cqr1Cqr2 aia 0
Kféau Ag | @21 | SquiSqLz | @22 Cqr1 axs | —Squilqr2 | @4 | O
Tay ast —Cq12 as2 0 ass —SqL2 as | —ay
trai an | =Cqr15qL2Cqr3 — Sqr1SqL3 a3 | CqriSqrzSqrs — Squ1Cqvs
a2 | Cqr1Cqr2 ais | CqriCqra(Ly + L3)
Khau —SqL15qL2S
9 Ag a1 SqusqLZCqL3 - Cqusng az3 _ C?Ll gLZ aL3
qL1%~qL3
a2 | —Squ1Cqr2 az | —Sqr1Cqra(Ly + L3)
as1 | —Cqr2Cq13 ass | CqL2SqLs




as2 | —SqL2 asa | —Sqr2(Ly +1L3) —ay
an | s Cansantaa s |, g S0z Cus
12913 Ar1Lqr2oqLa Cq..Cq2CqLa
a | —0qr15q125q13 +5q911Cq13 as | CqpCqra(Ly + Ls)
K?gu A, a (&"ZL4gSqL35:1?Cq%3 - S s Cjiiécgf:l)u_SCthQLs
112913 Ar1Lqr2oqra Sq1Cq12C 14
a2 | 591159125913 + €q11Cq3 az | =5q11€q12(Ly + L3)
ast | =Cq12Cq13Cq14 — 59125914 ass EqSLéfquL;ffH
as2 | —Cqr25q;3 as | =Sq2(Ly +L3) —ay
a1 Cq15(—Cqra(€qr15q12Cq1s + S911Sq13) + €q11Cq125q14) —
Sq15(—Cq1159125q13 + 59.1Cq;3)
a2 | 5q14(€q1159:2Cq13 + 5q115q13) + €q11Cq12CqLs
a3 —5q15(—Cq14(Cq115912Cq13 + $q115q13) + €q11Cq125q14) —
Cqrs(—Cq1159125913 + Sq11Cq.3)
amu (5914(Cq115912Cq13 + 59115q13) + €q11Cq12CqLa) (Lg + L) +
Cq11Cqro(Ly + L3)
an1 Cq15(Cq1a(Sq115912Cq13 — €Cq115q13) — Sq11Cq125qLa) —
Khau 5q15(5q1159125q13 + €q11Cq,3)
11| 411] a2 | —8q,4(59115012Cq15 — Cq11Sq13) — 5411C412Cq1a
ans —5415(€q14(S9115912Cq13 — €q11Sq13) — $411Cq125q14) —
Cq15(591159125q13 + Cq11Cq.3)
ana (—5914(59115912Cq13 — Cq11Sq13) — $911Cq12Cqra) (Ly + L) —
5911Cqr2(Ly + L3)
as1 | Cqu5(—Cq12€q13CqLs — $q125q14) — Sq15(—Cq125q;3)
a2 | €q120q135q14 — 5912Cq14
ass | —5q.5(—Cq12€q3CqLs — $q125q14) — Cq15(—Cq125q,3)
as4 | (€q2€q135q14 — Sq12Cq1a) (Ly + Ls) — Sq12(Ly + L3) — aq
CCILa(CQLs(—CQL4(CCIL1SQLZCQL3 +5q115q.3) +
an | €q;1€q125q14) — Sq15(—Cq115q125q.3 + Squch3)) -
5q16(5914(Cq115q12Cq13 + $q11Sq13) + €q11Cq12Cq4)
SCIL6(CqL5 (—Cq14(€Cq115912Cq13 + 59115q13) +
Khau A a2 | €q10q125q14) — Sq1s(—Cq1159125q13 + Squch3)) +
12 12 Cq16(5914(Cq115912Cq13 + 59115q13) + €q11Cq12CqLs)

a3

—5q15(—Cq14(€Cq115912Cq13 + S9115G13) + €q11Cq125q14) —
Cq15(—Cq1159125913 + Sq11Cq13)

a4

(5914(Cq115q12Cq13 + 5q115q13) + Cq11€q12CqLa) (L + Ls) +
€q11Cqr2(Ly + L3)




CQLG(Cqu(CQL4(SQL1SqLZCqL3 —€q115913) — $911Cq125q14) —
a2 | Sq;5(5q115q125q13 + €411Cq13)) —

Sq16(—5q14(59115912Cq13 — €q115913) — $q11Cq12Cq14)
SqL6(CQL5 (Cq1a(89115912Cq13 — Cq115q13) — Sq11CqL25q14) —
a2 | 5q;5(59,15q125q13 + Cquch3)) +

Cqr6(—5914(5q115912Cq13 — Cq115q13) — 5911Cq12Cq14)

—515(Cq14(59115912Cq13 — Cq115q13) — Sq11€q125q14) —
Cq15(591159125q13 + Cq11€Cqy3)

(—5q14(59115912€Cq13 — Cq115q13) — Sq11Cq12Cqpe) (Ly + Ls) —
Sq11Cq2(Ly + L3)

CCILe(CCILs(—CCILZCCIwCCIM —5q125q14) — SCILS(—CCILZSCILa)) -
5q16(€q12Cq135q14 — Sq12Cq14)

SCILs(CQLs (—Cq12Cq13CqLs — Sq125q14) — SqLS(_CqLZSqB)) +
Cq16(Cq12€q135q14 — S912Cq14)

ass | —5q15(=Cq120q13CqL4 — Sq125q14) — Cq15(—Cq125q;3)

ass | (€qr2Cq135qLa — Sq12Cqra)(Ly + Ls) — Sq (L, + L3) — a4

az3

a4

as1

asz

Trong qua trinh van hanh, toa d6 khong gian diém cubi [xs, ys, zeé] dwoc 4y tir cot
thr tw ctia ma tran A2. Cac bién khép didu khién g1, g2, g4 nhan gia tri déng, trong khi
cac bién g3, gs, gs dwoc gan cd dinh bang 0. Ddng thdi, hé phwong trinh ma tran déng
hoc A2 nay cling dwoc st dung lam nén tang toan hoc cbt 16i d& xay dwng mot phan mém
mé phéng déng hoc 3D (SystemSimulations), hd tro trec quan héa chuyén déng canh
tay robot song song vé&i hé théng phan cing vat ly dwoc thé hién trong Hinh 2.

"3 Manual Mode | § Trajectory Mode | [l Glove Mode |

MANUAL MODE

1141593 0.785396_
Name | Min Val MaxVal | Current t Unit

qn -3141593| (0785398 m
o0
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2
SRR

00
0 -1570796 ra
57079 1221730 0
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0 3141593 0

‘m‘m‘-q‘m‘m‘h‘w‘m
o

-3.141593 -1.047198 -1.570796 ra
00

2
"
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Hinh 2. Phan mém mé phdng canh tay robot



3. HE THONG NHAN DIEN VA KIEN TRUC PIEU KHIEN
3.1. Giao dién phan mém va cac ché dd hoat dong

Pé thu thap dir liéu va quan ly toan bd qua trinh twong tac, mét phan mém diéu
khién da dwoc xay dwng véi giao dién trc quan nhw trén Hinh 3. Phan mém duoc tich
hop ba ché dd hoat ddng, trong d6 Ché d6 2 (Giao tiép qua giong nai tich hop lich st hoi
thoai) va Ché do 3 (Huén luyén tw thé) thuéc pham vi ctia mét dy an phat trién song song,
nén trong tdm phan tich cla nghién cru nay dwoc d&t hoan toan vao Ché do 1 (Ché do
Béat chudc). Tai giao dién nay, nguwdi dung cé thé quan sat ludng video truc tiép tir
camera, dong thoi giam sat thoi gian thwe cac théng sé déng hoc cbt 18i ctia hai canh tay
(nhw géc Pitch, Roll, Elbow) dwoc hién thi ngay trén man hinh.

B | Social Robot Controller - Ultimate Edition = ] X

SOCIAL INTERACTIVE ROBOT CONTROL CENTER

ARMS CONTROL (Piéu khién tay) DISPLAY SETTINGS

Vai (Shoulders) Khuyu (Elbows) Ban tay (Hands) W nNenden Hién géc Hand Info

Hinh 3. Giao dién phan mém nhan dién hinh anh chuyén déng cta nguwdi diéu khién

Qua trinh van hanh & Ché do 1 (Mode 1) dién ra lién tuc theo so dé ludng di liéu
dwoc tém tat trong Hinh 4. D4u tién, dir liéu camera twr ludng video truc tiép duwoc dua
vao 16i MediaPipe Pose dé tién hanh trich xuat 3D toa dd khéng gian cla cac diém méc
sinh hoc quan trong (tap trung & vung vai va khuyu tay). Tiép theo la giai doan tinh toan
goc va loc thong thap nham triét tiéu 16i diém ky di, sau do xt ly tin hiéu goc thdé qua bd
loc thong thap ky thuat s6 dé triét nhiéu, lam muwot quy dao va bao vé cau tric co khi.
Cudi cung, di liéu sau khi lam min dwoc ré thanh hai nhanh song song: Luong vat ly chiu
trach nhiém gti Iénh diéu khién thédng qua séng Bluetooth (cdng COM) xubng phan ctng:
trong khi dé, lubng mé phéng truyén dir liéu qua cong COM ao dé cap nhat trang thai
déng bd 1&n ban sao ky thuat s 3D.
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Hinh 4. So d6 luéng di¥ liéu Ché dd 1 (Mode 1)
3.2. Tinh toan géc quay thong qua hinh chiéu mat phang 2D

Trong hé théng diéu khién, thu vién MediaPipe dwoc st dung dé trich xuéat lién tuc
toa d6 khong gian 3D [11, 12] cta cac diém mbc sinh hoc trén co thé ngudi diéu khién.
Tuy nhién, do dac tinh co khi va s bac tw do cua trng khép trén canh tay robot la khac
nhau, nghién cru nay dé xuat ap dung hai mé hinh toan hoc riéng biét dé xi ly dir liéu
goc quay.

Déi voi kh&p khuyu tay, day la khép 1 bac tw do chi thwe hién chuyén déng gap va
dudi. D& dam bao tinh chinh xac bat ké canh tay dang vung vé& huwéng nao trong khéng
gian, géc khuyu tay dwoc tinh toan truc tiép tir hé toa d6 3D nguyén ban. Hé thdng xac
dinh 3 diém méc cbt I6i: Vai (P1), khuyu tay (P2 déng vai trd tam quay) va cb tay (P3). Hai
vector chuyén déng trong khéng gian dworc thiét 1ap 1a vi=P1—P2 va v2=P3-P2. Vi co sinh
hoc clia khuyu tay ngwdi chi cho phép gap moét chiéu (géc ndm trong gidi han 0° dén
180°) [13], géc gap khuyu tay 6,5, dwoc xac dinh mot cach triét dé théng qua dinh Iy
tich voé hwong 3D:

Betiow = cos™? (ﬁ) (9)

Ngwoc lai, khép vai mang dac tinh ctia mot khép ciu da hwéng, dwoc co ciu
robot diéu khién b&i hai dong co doc lap twong (rng véi hai chuyén déng: dang/khép
(Roll) va vwon/ha (Pitch). Néu s dung phwong phap tinh goc 3D trwc tiép nhw khép
khuyu tay, hé théng sé& khoéng thé boc tach ddc 1ap hai thanh phan chuyén dong nay.
Giai phap duwoc dua ra 1a thuc hién phép chiéu cac vector 3D xubéng cac mat phang toa
dé (2D) twong wng.

O md hinh nay, 3 diém méc sinh hoc méi dwoc siv dung bao gdm: Khuyu tay (P+'),
vai (P2') dong vai trd tam quay) va héng (Ps'). T& cac diém nay, hai vector khéng gian



dwoc hinh thanh la u;=P1'-P2' va u,=Ps'-P2'. D& phan ra chuyén déng, ma tran toa do
duwoc xt ly nhw sau: Goc dang/khép (Roll) dworc tinh tir cac vector dwoc chiéu vuéng
goc xudng mat phang tran X-Y [14] (bang céach triét tiéu gia tri cia truc chiéu sau Z); géc
vwon/ha (Pitch) dwoc tinh boi cac vector dwoc chiéu vuéng géc xuong mat phang dung
doc Y-Z (bang cach triét tiéu gia tri cta truc ngang X). Tai mdi mat phang hinh chiéu, hé
théng str dung cac vector da dwoc ép phang (ky hiéu chung 1 u;(2p) va u,@p) dé tinh toan
trng goc quay doc 1ap. Goc muc tiéu ctia khdp vai Bsnouder dwgc xac dinh bang phwong
trinh tich vé hwéng 2D:
—1, Y1(2D) - U2(2D)
|u1(2D)| Juz2p)| (6)
Phwong phap phan ra hinh chiéu nay giup hé théng diéu khién déc lap dwoc tivng
dong co tai khdp vai, ddng thdi duy tri do dn dinh toan hoc khi canh tay thwe hién cac
chuyé&n déng phtrc tap.

Bshoulder = COS

4. PIEU KHIEN CANH TAY ROBOT DANG NGUO

M6 hinh canh tay robot dang ngudi trong nghién ctu nay cé két cau dbi xirng co
sau bac ty do cho mébi bén tay c6 khéi lwong tinh toan I&n va doi héi duy tri téc do phan
hdi thoi gian thwe, do d6 mot kién trac didu khién phan tan dwoc dé xuét, chia thanh ba
vung chirc ndng chinh: Khdi ngudn, khbi phan cirng va khdi co khi. So dé téng thé cla
kién tric nay dwoc khai quat tai Hinh 5a. Nham dam bao hiéu suét va sy 6n dinh, mang
lwéi ndng lwong (dwdng mii tén dd) duwoc thiét ké phan cip tr mot ngudn té ong. Nguén
dién nay dan trwc tiép dén cac mach dan dong (Driver) thudc khdi co khi dé& dap tng yéu
cau sinh mé-men xoan I&n cho cac ddng co budc. Dbi véi cac thanh phan con lai, hai
mach ha ap doc lap dwgc st dung. Mach thir nhat gidam dién ap xuéng murc 6,8 V nham
cap dién nang riéng cho cac dong co RC Servo. Mach tht hai ha xuong mtrc 5V, dong
vai trd cung cap nguén nudi an toan cho bé x{ ly trung tam va toan b cam bién. V& mat
xt ly tin hiéu (dwdng mii tén xanh), hé thdng ap dung cu trac diéu khién phan ting chat
ch&. Khdi truyén théng bao gdm hé thdng may tinh, déng vai trd cung cap dir liéu dau
vao, truyén cac toa do khong gian dén bo xi ly trung tam bai vi diéu khién ESP32. Dé
phuc vu codng tac giam sat tai chd, thiét bj nay tiép nhan tin hiéu t hé thdng nat bam
théng qua man hinh hién thj trwc quan s dung chuan giao tiép SPI [15].

Lénh diéu khién sau khi gidi ma sé dwoc phan ludng xudng bd xt ly canh trai va
canh phai bai vi didu khién ESP32 S3 [16]. Tai day, tin hidu dién dwoc chuy&n hoa thanh
lénh hanh déng vat ly. Bé t6i wu hoa dac tinh déng hoc, mdi bén tay dwoc dan déng bdi
bdn déng co budc tai cac khép chiu tai then chét, két hop cung hai déng co RC Servo
nham tinh chinh linh hoat khép ¢b tay. Khéi xt Iy hai canh c6 nhiém vu xuét tin hiéu PWM
cho co ciu cb tay va cip xung tin hiéu diéu hwéng cho cac Driver nham van hanh dong
co bwéc & khép chinh.

Cam bién géc tr trwrng MT6701 dwoc bb tri tai cac khép quay [17], gl tin hiéu
phan hdi lién tuc vé bd xt ly canh tay dé thwc hién set géc ban dau cho robot va phuc vu
doc di liéu dé kiém tra tinh 6n dinh cGa hé théng. Tuy nhién, viéc mac néi tiép nhiéu cdm
bién trén cung mét dwdng truyén dan dén hién twong xung dét dia chi 12C. Bé thao g&
rao can nay, mé-dun chuyén kénh TCA9548A da dwoc bd sung nham phan ludng di liéu
I2C hiéu qua, gitp vi diéu khién doc chinh xac trang thai tirng khép. Toan bd cum linh
kién dién t&r nay duoc tdi wu hoa khong gian tich hop trén mét bang mach in duy nhat
nhw minh hoa trong Hinh 5b.
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Hinh 5. Kién truc diéu khién phan tan duwoc dé xuat va mach da duoc thiét ké

5. KET QUA VA THAO LUAN

Tw nén tadng phan cing va co khi da dwoc thiét ké tdi wu, toan bd hé théng dwoc
l&p rap hoan thién dé tién hanh tht nghiém. Hinh 6 minh hoa téng thé bdi cadnh khong
gian thwc nghiém, trong dé nguwoi diéu khién thwe hién thao tac trwdc phdn mém may
tinh va canh tay robot vat ly phan héi twong rng.

O ché do Bat chwdc bam sat thoi gian thwe, thach thire Idn nhat ctia hé théng dén
tw hién twong chap chon diém anh va sy thiéu chinh xac cla thuat toan wéc lwong chiéu
sau (truc Z) ttr hinh anh 2D clGa phan mém MediaPipe. D& han ché tbi da rui ro tr nhwoc
diém bam sinh nay, hé théng da ap dung chién lwoc gi¢i han khéng gian tinh toan. Cu
thé, ddi v&i cau hinh canh tay trai 6 bac tw do, thuat toan dong hoc chi tap trung trich xuat
3 goc quay bién thién chiu tai I&n nhéat (bao gom Khép gap/dudi vai, dang/khép vai va
gap/dudi khuyu tay) Ba goc khdp con lai (bao gom: Khép xoay doc truc vai, xoay cang
tay va gap/dubi cb tay) dwoc thuat toan duy tri tinh & géc ¢ dinh 90°.

Hinh 6. Téng thé bdi canh thwc nghiém th nghiém diéu khién chuyén dong
~ Tuy nhién, ngay ca khi da thu hep pham vi, nhitng sai s0 bién thién lién tuc van dan
dén cac xung nhon sai Iéch nghiém trong. Viéc truyén tryre tiep dir liéu thd nay xudng co
cau chip hanh sé gay ra hién twong rung lac va mat déng bo co khi. Dé giai quyét, mot



bd loc thdng thap ky thuat s6 bac nhat da dwoc cai dat trén phan mém diéu khién véi
phwong trinh [18, 19]:
Ooutlk]l = a - O [K] + (1 —
(7)

Trong d6: 6;,[k] l1a géc muc tiéu nhan dwoc: 6,,,:[k] 1a goéc da dwgc lam min qua bd
loc; a € [0,1] 1a hé sb cat nhiéu. Hiéu qua triét nhiéu cta bo loc nay duoc thé hién truc
quan qua d6 thi géc quay tai Hinh 7. Két qua do kiém cho thay, so v&i géc thé ban dau
chwa qua xt ly, dwdng cong goc quay sau khi qua bd loc théng thap da tron tru hon dang
ké. Viéc dbi chiéu véi goc thuc té cla khop quay (dwoc danh gia doc lap thdng qua cam
bién vi tri tlr tinh MT6701) chirng minh réng tirng ddng co da dap (rng va bam sat chinh
xac tin hiéu géc I1énh, hoat ddng mwot ma va triét tiéu dwoc hién twong trwot buwdce dudi
tac dong cha quan tinh co khi.
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Hinh 7. Banh gia di¥ liéu géc cua 3 khép quay

T dap ng 6n dinh cla tirng khép don 18, dé danh gia nang lwc hoat dong tong
thé cta canh tay robot trong khéng gian 3D, gia tri géc quay cla toan bd 6 khép clia géc
qua bd loc (bao gdm 3 géc bién thién sau loc va 3 géc cb dinh) va 6 khép ctia géc thue
té dwoc do bang MT6701 dwoc dwa qua ma tran déng hoc thuan da thiét 1ap & trén dé
ndi suy ra toa do diém tac dong cudi. Viéc két hop nay cho phép ma tran tinh toan chinh
xac toa do khong gian diém cudi dé tv d6 xac dinh sai s6 bam quy dao khéng gian e theo
dinh nghia sau:

e = \/(xtarget - xactual)z + (ytarget - yactual)2 + (Ztarget (7)
Trong 40: Xtarget» Vearget » Ztarget 1@ t0a Ao khdng gian muc tiéu ndi suy tr géc da
qua xtr ly b loc va X4ctuars Yactuals Zactuar 1@ t0a dd khéng gian thyc té dat duwgc do b

cam bién MT6701. Nho' thuat toan xd ly tin hiéu da cung cap mét chubi goc quay tham
chiéu tron tru va on dinh, khau chap hanh vat ly thé hién kha nang bam sat khéng gian

- Zactual)2

70



rat kha quan. Trong toan bd qua trinh hoat déng th&r nghiém, bién d6 cha sai s e da
dworc tinh toan va cho thdy luén dwoc gidi han va duy tri trong ngwdng an toan voi sai
sb vé vj tri cia ban tay tdi da 1a 6 cm. Vé thoi gian dap (ng, tbng thoi gian tré toan hé
théng tlr luc nguwoi dung phat dong ctr chi dén khi canh tay vat ly xac lap vi tri dich dwoc
ghi nhan & mwre t6i da 1.400 ms. Do tré thdi gian nay cé thé xuat phat tir ca qua trinh xt
ly nhan dién hinh anh, tinh toan di liéu, truyén théng, diéu khién déng co' ciing nhw do
tré do qua trinh v& mé phdng méd hinh 3D trén may tinh. Day |a mét han ché can phai
khac phuc trong twong lai.

6. KET LUAN

Bai bao da trinh bay két qua nghién ctru thiét k&, ché tao va diéu khién mot hé théng
robot hai canh tay dang ngwdi va phan mém diéu khién nhan dién chuyén dong bang thi
giac may tinh da dwoc phat trién thanh céng. M6 hinh vat ly va mé phdng 3D cla hé hai
canh tay robot duoc thiét ké theo cu tric gidi phau cla chi trén con ngudi, véi 6 bac tw
do cho méi canh tay. Bai toan dong hoc dwoc thiét lap bang phwong phap Denavit-
Hartenberg lam nén tdng cho phdn mém mé phéng 3D va tinh toan diéu khién. Hé thdng
hoat ddng théng qua phan mém nhan dién hinh anh vé&i mét camera 2D tiéu chuan két
hop véi MediaPipe dwoc sir dung dé thu thap toa do khong gian cla ngudi dung, cac
goc khép duoc tinh toan théng qua tich vé hwéng hinh chiéu 2D. Nhiéu di liéu va hién
twong trung diém anh tir hé thdng thi giac trwdc va sau khi ap dung bo loc ky thuat sb da
dwoc danh gia dé dam bao hiéu qua 6n dinh két qua va thoi gian truyén nhan di ligu.
Canh tay robot dang nguwoi da duoc ché tao da dam bao bam theo cu chi clia nguoi diéu
khién v&i d6 rung lac co khi dwoc gidm thiéu va sai sé khong gian 4n dinh trong khoang
t6i da 6 cm. Tuy nhién, do tré toan hé thong dwoc ghi nhan van con cao & mirc xap xi
1.400 ms. Do d8, can cé nhirng phat trién va téi wu héa hon nira dbi véi cac trng dung
doi hoi cac tac vu thoi gian thwe trong twong lai.
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