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Three degrees of freedom (3DoF) Delta robot is a parallel robot that
has a fairly wide range of uses in industries like 3D printing, welding
robots, etc... The robot has attracted many researchers to develop
control methods for tracking its trajectories, in which PID controller is
a suitable choice for controlling the Delta robot because of its low
design and experimental costs. However, arm parameters such as
weight, joints, and friction can change and affect to the operation of
the whole system, where the fixed-PID controller may be no longer
maintaining traction control. Therefore, this paper presents the
analysis, comparison, and evaluation of a fuzzy self-tuning algorithm
for the classical PID controller to get better performance of the
closed-loop control system. Simulation results in MATLAB/Simulink
demonstrate the effectiveness of the control algorithm with a settling
time of 0.658 (s) and an overshoot of about 3.75%.
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Quy dao tham chiéu
Diéu khién vong kin

Robot Delta ba bac tu do la loai robot song song ¢6 pham vi sir dung
kh& rong trong cac nganh cdng nghiép nhu in 3D, robot han, robot
gap thudc trong cac nha may san xuit thudc tay,... Vi vay, dé diéu
khién bam quy dao cua robot Delta ¢ rit nhidu phuong phap diéu
khién, trong d6 bo diéu khién PID la mot chon lya phii hop cho diéu
khién robot Delta vi chi phi thiét ké va thuc nghiém thap. Tuy nhién,
cac tham sé cua canh tay nhu trong lwong, khop va ma sét cé thé thay
d6i va anh huong dén hoat dong cua ca hé, ma ¢ d6 bo diéu khién PID
khong con duy tri diéu khién bam theo quy dao. Vi vay, bai bao nay
dua ra phan tich, so sanh va danh gia giai thuat diéu khién tu chinh
dinh FUZZY-PID cho bo diéu khién PID kinh dién dé c6 duoc hiéu
suét tot hon cua hé diéu khién vong kin. Cac két qua md phong trén
MATLAB/Simulink chiing minh higu qua cia giai thuat diéu khién vai
thoi gian xé&c 1ap 0,658 (s) va do qué didu chinh nho 3,75 %.
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1. Gigi thiéu

Diéu khién robot song song 1a mét chi dé ma nhiéu nha nghién ciu van dang phat trién. Voi
co ché linh hoat lgi thé vé toc do, luc va d6 chinh xéc, robot Delta trg nén phd bién va duoc sir
dung rong rdi trong cong nghiép [1]. Robot song song bat dau vao nim 1939, khi Pollard xay
dung mot robot diéu khién vi tri cia mot khau stng phun [2]. Trong béi canh ny, céc robot khac
c6 cling mot kién trac da dugc thuc hién. Chang han, trong [3] cac téc gia da phan tich co ciu va
khbng gian lam viéc, tir d6 tinh toan dong hoc cua robot. Trong [4], céc tac gia da xéy dung cau
tric co khi, tir d thiét 1ap bo diéu khién cho robot Delta. Dya trén mo hinh robot nay, céc kién
tric mai duoc thyc hién theo cac dac tinh can thiét trong mot truong cong nghiép. Dién hinh la
mot robot vai d6 chinh xac cao, c6 kha niang xac dinh va di chuyén cac d6i twong theo mau sic
cua san pham [5]. Robot Delta duoc ¢ng dung phd bién trong cac day chuyén san xuét hién dai,
tu dong doi hoi moi truong lam viéc sach sé.

Tuy nhién, viéc thiét ké va kiém soat quy dao cua robot trén md hinh thuc 12 van dé luén duoc
quan tam. Cac nha nghién ctru da dé xuat cac phuong phap diéu khién bam quy dao cho robot
nay nhu chinh dinh b diéu khién mo bing giai thuat bay dan PSO [6]. Trong [7], cac tic gia
cling da thiét ké bo didu khién mo dé diéu khién bam quy dao cua robot Delta. Tuy nhién, viéc
thiét ké cac bo diéu khién bam quy dao robot Delta trén mé hinh thuc van con kha han ché cac
nghién ctiru dugc thuc hién. Vi vay, bai bao nay dua ra phén tich, so sanh va danh gia cac giai
thuat diéu khién ty dong chinh dinh FUZZY-PID nham muc dich tim ra cac gi tri Kp, Kd, Ki tdi
wu dé tién hanh so sanh vai bo diéu khién PID kinh dién [8], [9] dé co duoc hiéu suat tot hon cua
hé thong vong kin, dong thoi cac phuong phap nghién ctru dwoc thuc nghiém bang phan mém
MATLAB/Simulink va thuc nghiém b diéu khién PID trén mé hinh robot Delta thuc diéu khién
goc quay cua ba dong co AC Servo Motor Three-Phase 200V.

Bai bao duoc to chic gdm 5 phan, nhu sau: Gidi thiéu duoc trinh bay & phan 1, phan 2 trinh
bay mé hinh dong luc hoc va md hinh didu khién cua robot Delta, chinh dinh bo diéu khién PID
bang hé mo duoc trinh bay & phan 3, phan 4 trinh bay cac két qua mo phong va thuc nghiém, két
luan 1a phan 5.

2. M hinh ddng lwc hoc va mé hinh diéu khién robot Delta
2.1. Xay dung mo hinh déng luc hgc cia robot
2.1.1. M6 hinh cua robot Delta

Tac gia da nghién ctu, thiét ké ban v& [10] va md phong chuyén dong ciia robot Delta trong
solid works duoc trinh bay trong video [11], dong thoi sir dung phuong trinh Lagrange dang nhan
tar dé thiét 1ap phuong trinh chuyén dong cua robot Delta dwogc trinh bay trong Hinh 1.

(b)
Hinh 1. Bdn vé robot Delta: (a) ban vé ky thudt robot Delta va (b) mé hinh déng luc hoc robot Delta

Trong mé hinh nay, khau BD; dugc md hinh héa thanh hai chat diém dit tai B; va Di, mdi chat
diém c6 khéi lugng my va dugc ndi voi nhau bang thanh cing, khong trong lugng. Nhu vay, mo
hinh d6ng luc hoc cuia md hinh nay bao gém 4 vat ran, trong d6 cac khau AiB; (i=1, 2, 3) chuyén
dong quay quanh cac truc vudng goc véi mat phing OAiB; tai AiB;i c6 khéi lugng m; (khéi lwong
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canh tay don trén) va 3 chét diém dat tai cac diém Bj c6 khoi lugng m, =m, /2 va vat rin con lai
1a ban méy chuyén dong (bao gom ba chat diém gan tai D;) chuyen dong tinh tién c6 khéi luong
(mp+3mp). Trong do, m, la khéi luong cua khau thao tac chuyén dong cd tam P. Trén cac khau
AiB; dat céc luc phat d@ng 7,(1=1,2,3) nhu Hinh 1 thanh 1ap m6 hinh dong luc hoc cua robot tac
gia s dung phuong trinh Lagrange dang nhan tt aé thiét lap phwong trinh chuyén dong. Toa do
suy rong du dugc chon dé thiét Iap phuong trinh chuyén dong cua robot Delta nhu (1):

g= [91 0, 93 Xp ¥Yp ZP] (1)

2.1.2. Xay dung phuong trinh dong luc hoc cua robot Delta

Dé xay dung md hinh dong luc hoc cua robot Delta 3-DOF, tac gid tham khao trong cac tai
licu [12]-[14] bao gom cac phuong trinh chuyén dong caa robot Delta 1a hé phuong trinh vi phan
— dai s6 duoc trinh bay tir (2) dén (10).

(1, +mL5)6 = ng[ m+mbjcose +1,- 24,1, (sin, (R—r) - cosasing x, — sinasindy, - cos6z, ) )

(Ily+mhL1)H ng[ m+mbjcosé’ +7,- 211L1(3|n9 (R-r)- cosazsinﬂzxp—sinazsiné?zyp—cosezzp) (3)

(1, +mL )6, = ng( m+mbjcosﬂ +1,- 24,1, (sing, (R-r) - cosasind,x, - sinasind,y, - costz, (4)
(m, +3m, )%, =—24 (cose, (R—r)+Lcosacost, - X, ) - 24, (cosat, (R—r)+Lcosa,cosd, - X, ) ©)
- 24, (cosa, (R-r)+L,cosar,c0s6, -, )
(m, +3m, )§, ==24 (siney (R=r)+L,sine,cost), - y, ) - 24, (sine, (R-r) + Ly siner,cos6, - y, ) ©
~2J4(sina; (R=r)+L,sina,cosd; - y, )
(m +3m, )7, =—(3m, +m, ) g + 24 (z, +Lsing, ) + 24, (z, +L,sind, ) + 24, (z, + Lsing, @)
L —(cosa, (R-1)+ L1c05alcos€1—xp)2—(sinal(R—r)+ Lsine,cosé, - yp)2 (Lysing, +2 ) =0 (8)
L5 - (cosar, (R-r)+ Llcos%cosﬁz—xp)z—(sinaz(R—r)+ Lsine,Cos6, - y )2 (Lysind, +2 ) =0 9)

L5~ cosar, (R - )+ Licosa;cosf; - X, )2 - (sinat, (R—r) + Lysinecosd - yp) ~(Lysing, + zp) =0 (10
Céc phuong trinh tir (2) dén (10) duoc viét lai dudi dang ma tran nhu (11):

M(s)$+g(s)+ @ (s)A=7

f(s)=0
= |, 1a ten-xo quén tinh cua 3 tay trén, M, Ia khoi luong gan

(11)

Trong @6 : 1, =1, =1

2y 3y
voi céc khau B, D;,(i=1,2,3), M Ia khéi lugng ban méay dong, M, la khoi lugng dit tai diem
Ai=123).
Céc bién trang thai duoc dinh nghia trong mé hinh:
.
s=[6, 6, 6, x, vy, Z,] (12)

Céc bién ngd vao va ngd ra dugc dinh nghia nhu (13):
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T
u=\g, 7, 7
[ 1 B 3} (13)
y=[6, 6, 6]
Tir hé phuong trinh chuyén dong cua robot Delta 3-DOF (2) dén (10) tac gia da xdy dung
dugc md hinh dong lyc hoc chuyén dong cia robot trong MATLAB/Simulink va két ciu co khi

md hinh robot thuc dugc trinh bay nhu Hinh 2.
Taul B

Tau2

Tau3

Hinh 2. M6 hinh dong I;gc hoc chuyén dgng cua robot Delta 3 - DOF xay duwng trong MATLAB/Simulink
va két cau co khi mé hinh robot thuc ma tac gia ché tgo phién ban 2

2.2. Mé hinh diéu khién robot Delta

Chuyén dong mdi khép cua robot Delta 1a chuyén dong quay duge diéu khién béi mot dong
co riéng, do c¢6 3 khdp quay nén s& co 3 dong co diéu khién dong thoi.

Nhom tac gia dang thue nghiém diéu khién chuyén dong khop quay cua robot Delta st dung
ba dong co AC Servo Motor Three-Phase 200V [15] dugc trinh bay trong Hinh 3.

O 7 !
=== = 47 =

DSP C2000

Actual
angle_1.2,3

TMS320F28379D DRIVER YAKAWA AC SERVO MOTOR
MICROCONTROLLER SERVOPACK THREE-PHASE 220V

ENCODER

Hinh 3. So do khéi mé hinh diéu khién dong co AC Servo Motor Three-Phase 200V cua robot Delta

Quy dao tham chjéu dugc xdy dyng tur khéi dong hoc nguoc [14] dé tao ra cac goc tham qhiéu
1,2,3 d‘ua vao vi dieu khién DSPC2000 (trong DSPC2000 s€ nap bd di¢u khién da thiet ké toi uu
va truyén thong online véi may tinh thong qua giao thrc UART Communication), ngd ra cia
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DSPC2000 la dang xung PWM dua vao Driver YAKAWA Servopack, ngd ra ctua Diver
Servopack 1a dién ap Uac diéu khién dong co chuyén dong khép quay cia canh tay robot thong
qua dong co AC Servo Motor Three-Phase 200V (toc do va chidu quay ciia dong co thay do6i
nhanh hay cham phu thudc vao d6 rdng xung ngo ra cia DSPC2000), ngd ra cia dong co dua hoi
nguoc vé bd tong dé cho ra sai sd 15i error giita goc tham chiéu va goc thuc té tra vé bo diéu
khién DSPC2000 théng qua hai Encoder A va Encoder B dé xac dinh vi tri va chidu quay thuin
nghich cua dong co.

3. Chinh dinh bd diéu khién PID bing hé mo
3.1. Bé diéu khién P1D
Thuat toan diéu khién dau tién dwoc ap dung cho cac bo diéu khién chan dan dong robot Delta

la thuat toan diéu khién vi tich phan ty 1& PID Iy twong xac dinh boi [9] va dugc trinh bay cong
thuc (14).

Upo (1) = Kpe(t) + Ko dd()+|<je dt (14)

Trong d6, u la tin hiéu diéu khién va e Ia sai léch diéu khién. Tin hiéu diéu khién la tong cua 3
thanh phan: ti I¢, vi phan va tich phan.

Nhiém vu ciia nguoi thiét ké bo diéu khién PID duoc xac dinh boi (14), 1a chon lya bo ba gia
tri {Kp, Kd, Ki} thoa man cac yéu cau vé chat luong diéu khién dugc trinh bay trong so do diéu
khién Hinh 4.

. A ml
Reference

gle 12,
angle 12 DELTA ROBOT |m
o oommm 3 DOF

Hinh 4. So do diéu khién dung PID
L Trong Sj)‘ dd diéu khién c6 khdi dong hoc nguoc [14] dé chuyén doi tir vi tri tham chiéu
Xiref ! ylref ' eref

elref ! 92 ref 93 ref

,sang cac goc tham chiéu ngd ra cua robot Delta c6 khéi dong hoc

thuan [14] dé chuyén d6i cac goc thuc [ O 3E‘C‘]sang vi tri thuc tai tm P cua tdm chuyén

XP_act! yP_acl' P _act

dong
Theo phuong phap Z-N va phuong phap auto-tuning trong qua trinh mé phong, bd théng sé
thuat toan diéu khién PID duoc tac gia chon nhirng thong sb cua bo diéu khién PID trong cong
trinh Luan an Tién si cua tac gia Nguyén Dinh Diing da cong b trén ciing md hinh robot [16] dé
diéu khién bam quy dao robot va so sanh céac két qua dat duoc cua thuat toan diéu khién PID so
véi bo diéu khién FUZZY-PID.
3.2. Bj diéu khién tw diéu chinh FUZZY - PID
Diéu khién PID tu didu chinh m& dua trén didu khién PID kinh dién va sir dung cac quy tic
suy luan mo dé 1am cho céc tham sb PID ty chinh dinh dua trén sai léch E(t) va dao ham De(t).
Muc dich chinh cuta giai thuat nay chinh Ia tim ra céc gia tri Kp, Kd, Ki t6i wu thoa man md hinh
toan caa bo diéu khién PID (14). Nguyén tic nay duoc minh hoa trong Hinh 5.

amgle 123
DELTA ROBOT
3 DOF

Hinh 5. So d6 diéu khién dung thugt toan FUZZY-PID
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Trén hinh 5, cc bién dau vao ctia bo diéu khién mo la sai Iéch E(t) giira vj tri quy dao mong
muon va vi tri quy dao thuc té va dao ham De(t). Trong khi dau ra cua hé thong diéu khién mo
chinh la cac tham s6 chinh dinh cho PID tuong ung véi AK,,AK;,AK,. Bong thoi K, K,
kK, Ky 12 cac h¢ sb tién xir 1i va hau xt Ii cho b¢ diéu khién FUZZY-PID dé thuan tién cho
viéc thiét ké va chinh dinh. NgG ra cua b dieu khién PID ciing chinh 12 ngd ra cia b diéu khien
FUZZY-PID. Céc tham s6 cuoi cung cua FUZZY-PID duoc tinh theo céng thirc dua vao tai liu
tham khao [17] nhu sau:

Ky =Ko +AKp.k1
K, =K., +AK, k, (15)
Ky =Ky +AK, K,

Trong d6: K.y, K, Ky, : 0id tri ban dau cua bo diéu khién PID, A, A, .A,, : gié tri dau ra cia
bo diéu khién FUZZY, K, K,,K, : tham s6 chinh dinh mong mudn cudi ciing.

Viéc xay dung cac ham lién thudc, cac khoang gia tri cua bién vat Ii va bién ngdn ngit dua
trén kinh nghiém chinh dinh tham khao [18] nhu sau: ‘

E(t)={&m nhiéu, &m vira, am it, zero, dwong it, dwong vira, dwong nhiéu}

E(t)={NB, NM, NS, ZO, PS, PM, PB} ‘

De(t)={&m nhiéu, &m vira, am it, zero, duong it, duong vira, dwong nhiéu}

De(t)={NB, NM, NS, ZO, PS, PM, PB} ,

Cac tap mo cho cac hé so dau vao E(t) va De(t) duogc trinh bay trong Hinh 6, ngd ra cac h¢ so
AK , AK;, AK, Va cau tric cua bo dieu khién mo duoc tac gia s dung mo6 hinh Mamdani da minh
hoa trong Hinh 7. Bang 1 md ta chi tiét cac luat hop thanh mo hé s6 E(t), De(t) va AK,,AK,, AK,

NB NM NS z0 PS PM PB

NB NM Ns zo PS PM PB

e(t)

L L L
200 2150 -100 -50 0 50 100 150 200

K
\
¢

Hinh 7. Ng6 ra cac hé s AK , AK;, AK, va
cau tric bé diéu khién mo
Béing 1. Chi tiét cac lugt hop thanh mo hé so e(t), de(t) va AK ,, AK;, AK,

Hinh 6. Tdp mo cho bién vao E(t) va De(t)

Ay, 1AK, E(®)

AK NB NM NS Z0 PS PM PB

NB PB/PS/INB PS/PS/INB NB/PM/NM  NM/PM/NM NB/ZOINS NM/z0/z0 PS/z0/zO
NM PB/PS/INB PB/PB/NB NB/PM/NM NM/PS/INS NM/ZO/NS NS/z0/z0 ZOINS/ZO
NS ZO/PMINB ~ NS/PM/NM  NM/PM/NS NM/ZOINS NS/NS/ZO NS/NS/PS ZOINS/PS
De(t) Z0 ZO/PM/NB NS/PM/NB NS/PS/NS NS/NS/ZO NS/NM/PS NS/NM/PM  ZO/NM/PM
PS ZO/PS/INM ZO/PS/INM Z0/Z0/Zz0 ZO/NS/PS ZO/NM/PS  ZO/NM/PM ZO/NM/PB
PM PB/PS/NS NS/ZOINS PS/NS/PS PS/NM/PS PS/INM/PM PS/NM/PB PB/NB/PB
PB PB/Z0O/ZO PM/Z0O/zO PM/NM/PS PM/NM/PM PS/NB/PM PS/NB/PB PB/NB/PB
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Nguyén tic chung dé tim ra céc gia trik,,K, K, mong muon la bat dau véi cac gia tri
Ko, Ky, Ky theo [16], sau d6 dwa vao dép tmg va thay doi dan. Anh huéng cua cac tham so PID
tac dong Ién chat lugng diéu khién [19] 12 co so dé xay dung luat mo. DE rit ngan thoi gian, ta
can chon t‘l'n hiéu dieu khién manh, do vay chon: K, 16n, Ko nho va K 16n; dé tranh vot 16 16n khi
dap ung gan dat dén gia tri tham khao, chon Ky nho, Kp 16n va K, nho.

4. Két qua mo phéng va thuc nghiém

M6 hinh bo diéu khicn FUZZY-PID dugc xay dung trong MATLAB/Simulink dé so sénh
danh gia chat lugng cua haj b6 diéu khién trén cung mot mo hinh robot Delta dugc trinh bay
trong Hinh 8 va cac thdng so cua robot Delta dugc trinh bay trong Bang 2.

— :
]rwwv P10 CONTROLLER 1
PID_CONTROLLER 1 L®
thatad sut

Forwand Kinemati

Hinh 8. Bg dieu khien FUZZY-PID xay ding trong MATLAB/Simulink
Bang 2. Cac thdng so cua robot Delta

ml_l m,,=m,, | [Xop
Ky (i=1,2,3)y
hicu AdAIA, =M, =m, , my fle RIr Li/L, +Yop g
= m1_3 =2mb = Iy ’Zop]
2
bon 0/?/ 0,42 0,1 0,75 481/2.5mm 200/30 03/0.8m 0,084 [(5)3361 9,81
Vi ar kg kg kg ' mm o kg.m? e m/s?
—rad/s 0,69]
3
) ) . Bén
Goc léch Khoi ) Khai Chiéu dai kinh Chidu Vitri Gia
v tay 1/2/3 lugng Khai lugng lugng tam giac tam dai chan Tenxo  bandau the
nohia S0 Véi truc cua3 cua 3 chan tam déudianén  nénco trén/ quantinh  ctatam tr(())n
& Ox tam co chan duéi chuyén trén/ dinh/ dusi 3tay trén  chuyén tr&c‘yr?
dinh trén dong dudi chuyén dong g

dong

Trong nghién ctru nay, cac tham sé caa 3 bo diéu khién PID duoc chon theo cong trinh nghién
ctru cua tac gia Nguyén Dinh Diing d3 cong bd trong [16], dé so sanh véi bo diéu khién mo ma
nhém nghién ctru dé xuat, trén cing mot mo hinh robot Delta voi bo thong sé PID cu thé nhu
sau: Kp = diag (800,800,800), Kp = diag (100,100,100), K, = diag (150,150,150).

Céc tham s cua giai thuat FUZZY trong bai bao nay dugc chon lya théng qua md phong nhu
sau: Ke=30, Ke=1, ki=1, k=50, ks=1, K=800, Kip=150, K4¢=100. Trong bai bao nay, nhém tac
gia s& thuc nghiém trén hai quy dao khac nhau dé danh gia tinh on dinh caa ca hé théng vong kin.

Quy dao tham chiéu dau tién duoc tac gia chon 1a quy dao duong cong Astroid dugc mo ta
boi phuong trinh nhu (16) va dat cac két qua nhu Hinh 9, 10; dong thoi két qua mé phong duoc
trinh bay trong video [20].
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X(t) = 0.17*sin(t)*sin(t)*sin(t)+0.3
y(t) = 0.17*cos(t)*cos(t)*cos(t)+0.2 (16)
z=-0.7

thetal-ref
2 Thetas of Delta Robot (rads) |* — —thetat-PID The Astroid trajectory of Delta Robot
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Quy dao tham chiéu s6 2 1a quy dao duong Hypocycloid duoc mé ta boi phuong trinh nhu
(17) va dat cc két qua md phong nhu Hinh 11, 12.
X(t) = 0.12*cos(t)+0.07*cos(1.714*t)+0.3
y(t) = 0.12*sin(t)-0.07*sin(1.714*t)+0.2 17)
z=-0.7
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Control signal of Delta Robot (rad/s) TEeﬁHypncyclnid trajectory of Delta Robot when carrying a load of 1.5kg
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Hinh 11. Ddp #ng céc goc va tin hiéu diéu khién o _ Hinh
dirong Hypocycloid 12. Pap L%pg quy dao Hypocyclmd _khl robot
Delta khdng mang tai va mang tai 1,5 kg

Sau khi tién hanh cai tién bo diéu khién PID str dung thuat toan diéu khién FUZZY-PID. Két
qua mod phong cho thiy rang, dap tng cua thuat toan FUZZY-PID tét hon so véi bo diéu khién
PID véi c4c chi tiéu chat lugng dugc trinh bay ¢ Bang 3; dong thoi nhom di thuc nghiém diéu
khién vong hé trén md hinh robot Delta that phién ban 1 va duoc trinh bay trong video [21].
Bang 3. Bang so sanh cac chi tiéu chdt hirong

Tiéu chuan chét lrong Do Vot 16 (%)  Thai gian xac 1ap (s) Sai s6 xac 1ap (rad/s)
PID 5,87 9,5248 0,0186
FUZZY-PID 3,75 0,6580 0,0003

5. Két luan

Viéc ché tao va diéu khién thanh cong robot Delta 3 bac tu do, theo yéu cAu cua cong nghiép,
hién van con han ché vé cac nghién ctru duge cong bd. Bai bao nay trinh bay giai phép thiét ké bo
diéu khién tu chinh dinh Fuzzy-PID dé diéu khién bam quy dao robot Delta. Két qua mo phong
cho théy, céc tiéu chuin chét lugng cua hé théng duogc cai thién va dat gia tri tdt hon so véi bd
diéu khién PID kinh dién. Giai thuat dé xuét co tinh 6n dinh, dap tmg nhanh, d6 qué diéu chinh
khong dang ké va co sai sb xac 1ap nho trong qua trinh diéu khién chuyén dong cua robot Delta 3
bac tr do trong hé thdng vong kin. Pdng thoi, b diéu khién dé xuit cling dugce nhom tac gia ap
dung trén mo6 hinh robot Delta that, do nhém ché tao. Minh hoa qua trinh thyc nghiém trén robot
Delta that phién ban 2 diéu khién vong kin dugc trinh bay trong video [22] cta bai bao.
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