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Tém tit 1. Gié6i thiéu
Muc dich ciia nghién ciru nay la cdi thién hiéu sudt Robot déy song song ((;DP R)‘ 1a mf}t loai robot
cia bg diéu khién cho robot ddy song song song song ma vi tri cua thict bi dau cudi (EE) duoc

(CDPR) bdng cdch sir dung bo diéu khién PID phi diéu khién thong quar viée cubn hOé.(; tha cac day nbi
gitita EE v6i khung ¢6 dinh [1, 2]. Cau triic nay tao ra
nhiéu loi thé: Khoéng gian lam viéc rong [3], tbe do
chuyén dong cao [4, 5], va kha niang mang tai 16n [6].
Tuy nhién, cac day ciia CDPR bj gi¢i han chi c6 thé
chiu kéo ma khong c6 thé diy dugc EE [7]. Pay la
mot trong nhitng thach thirc cia CDPR khi so véi
robot song song st dung céac thanh cting. Hon nira,
CDPR 1a mot hé thong phi tuyén phuc tap. Su khong
chéc chin vé thong s6 va hé s6 ma sat khong xac dinh
: ! ' clia cic bo truyén dong ciing gy ra nhiing kho khin
Kétﬂud‘thz' i?ghi_ém cho thdy phwong phdp diéu trong viéc diéu khién CDPR.

khién dé xuat co kha nang ap dung cho cac hé

tuyén. Sw két hop giita bé diéu khién PID tuyén
tinh va mang no-ron, véi khd ning gidi quyét cdac
van dé phi tuyén manh mé, mang dén mét bo diéu
khién PID thich nghi méi dwa trén mang no-ron.
Hoc co giam sat cia mang no-ron dwoc ap dung
dé t6i wu héa ham chi phi. B diéu khién dé xudt
nay cho CDPR véi nhitng bat dinh phi tuyén.
Nghién civu ciing trinh bay chi tiét cdu triic diéu
khién, quy trinh thiét ké va két qua thiee nghiém.

Pé dat yéu cau vé diéu khién, nhiéu luat diéu khién

thong robot day song song trong khong gian khop da duoc dé xuat nham xir Iy anh hudng cia cac yéu t6

vOi hiéu suat diéu khién cao. phi tuyén trong hé théng CDPR. B diéu khién truot
T khéa: Robot ddy song song, by diéu khién [6] hodc bd diéu khién md-men [5] duoc thiét ké cho
PID, khong gian khdu khop, mang no-ron. CDPR dugc d& xuit. Bo diéu khién dong bo hoa [8]
Abstract dugc khai thac bang cach dong bo chuyén dong giita

cac day véi nhau dé dat duoc vi tri chinh xéac cho EE.
Céc phuong thie diéu khién khac ciing dwoc ap dung
cho CDPR nhu 14 bd diéu khién truot nang cao (SMC)
[9-11], hay SMC khong dao dong [12], va bo diéu
khién thy dong [13]. Johann [14] phat trién mot bo

The purpose of this research is to improve the
controller performance of a cable-driven parallel
robot (CDPR) using a nonlinear PID controller.
By combining a linear PID controller with a

neural network, which “has strong learning, || 42y khién thich nghi cho CDPR nhim céi thién hiéu
adaptation, and nonlinear problem-solving qua bam quy dao khic phuc lai sw khong chic chin
capabilities, a novel adaptive PID controller is cua cac thong sb trong hé théng.

developed. Supervised learning of the neural Do céu triic don gian va d3 dang thuc hién, bo didu
network is used to minimize a cost function. The khién PID [4] hoic cac bién thé cta né nhu 12 b diéu
proposed controller is suitable for cable-driven khién PI, PD dugc st dung rong rai cho hé théng
parallel  robots  with nonlinearities  and CDPR ciing nhu trong cong nghiép. Tuy nhién, cac hé
uncertainties. Detailed specifications of the s6 ctia bo didu khién PID nay chu yéu 1a ¢b dinh, vi
control  structure,  design  process, and vy phuong phap didu khién nay khong chi ton thoi
experimental  results are presented. The gian ma con phai dam bao hiéu sut didu khién. Ngoai
experimental results show that the proposed ra bo diéu khién PID gap khé khan trong viéc xac dinh
control method achieves higher performance for Cé? hé s6 phflth'P khi qéi tu’ong di’éu khién 1a céc hé
CDPR in joint space. thong phi tuyén véi nhiéu yeu to bat dinh.

Tu nhitng phan tich trén, mot bo diéu khién két
hop giita by diéu khién PID véi mang no-ron, tao ra
mot kha ning thich img manh mé khéc phuc lai yéu to
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phi tuyén va bat dinh. D6 chinh 1a bo diéu khién PID
thich nghi. Nhitng dong gop chinh ctia nghién ctru nay
duoc tom tit nhu sau:

(i) CAu trac cai tién cta bo diéu khién dé xuét. Bo
diéu khién bao gdm bo diéu khién PID két hop véi
thudt todn mang no-ron nham diéu chinh gia tri cac h¢
s6 diéu khién cua bo diéu khién PID mot cach thich
nghi trong qué trinh diéu khién.

(ii) BO diéu khién dé xuat dugc ap dung trén mo
hinh robot day trong mdi truong thi nghiém. Ca dap
mg ciia bo didu khién va trang thai cia robot day
trong khong gian khau khép déu duge phén tich trong
bai bao nay.

2. M6 hinh dgng hoc ciia CDPR

M0 hinh cia CDPR dugc mo ta nhu trong Hinh 1.
Céc phuong trinh toan hoc mé ta chuyén dong cua
CDPR dugc xay dung dya vao hé théng truc toa do
gém: mot hé truc OXYZ gén v6i EE va mot hé truc toa
dd quan tinh OpXpYoZy. Hai h¢ truc nay lién hé véi
nhau nhd véc to vitri p=[* ¥ 2Z]Tva ma trin
quay R:

cf,ch,
R = |c0,s0,
—s0,

50,50,c0, — cO,s0,
56,50,50, + 0,0,
50,c0,

cO,50,50, — 50,0,

cOys0,c0, + 50,56,
6]
c8,ch,

Trong d6: &, 6, and 6. cac goc nghiéng ctia EE,
cB = cos(0) va cO = cos(0).

Hinh 1. Phdc thdo mé hinh CDPR

Bai toan dong hoc ngwgc 1a xac dinh chuyén vi
ctia EE trong khong gian khau khop khi biét vi tri va
hudng ctua EE trong hé truc quéan tinh. Bai toan nay
duoc biéu dién nhu sau:

l;=Ral +p-bli=1+8 )

Trong d6: 1; 14 véc to chiéu dai cua day thi i, af

1a véc to vi tri cia diém 4, trong hé truc gin véi EE,
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b? 14 véc to vi tri cia diém B;. Tiép theo, véc to don
vi ¢6 thé xac dinh:
S; = L/IILll2, 3)
Trong @6 ||1;]l, 14 chuan Euclid cta I;. Két qua la:
7 =[Ral +p-bf] . [Ral +p-bl] (4
Trong qué trinh 1am viéc cia CDPR, chuyén vi
mong doi ciia EE can dugc kiém soat bang cach dicu
chinh chiéu dai cua cac day. Do vay, mot mébi lién hé
giita chuyén vi mong doi cia EE v6i chidu dai day can
duogc xac dinh. Pong hoc nguogc co6 thé dat duoc nhu
sau:
L =h(q), (&)
Trong d6: L=1[l; I, Ig]" ky hiéu 1a véc
to chidu dai day, q=[x ¥y z 6, 6, 6,7
chuyén vi cta EE.
Lay dao ham phuong trinh (2) theo thoi gian va
bién d6i vé dang ma tran Jacobian J thu dugc:

L=J"q, (6)
voi:
B S, S, Sg
I= Ral xS; Rab xS, Ral x Sg )

3. Thiét ké bd diéu khién PID phi tuyén
3.1. B§ diéu khién PID tuyén tinh

Hinh 2 mé ta c4u triic ctia bo diéu khién PID tuyén
tinh, bo diéu khién nay gdm 3 thanh phan ty 18, tich
phan va vi phan trong mién roi rac. Méi lién hé giira
tin hiéu vao va tin hiéu ra cua bd diéu khién dugc mo

ta nhu sau:

u(k) = Kpe(k) + K; X e(AT + K, 022D (g)

Trong d6: k budc tht k; AT thoi gian 1y mau;
K,, K4,va K; la céc thong s6 ciia b diéu khién PID.

Proportional

Yak) &0 ar

!

Interegral

(k)

n
Derivative 12|
AT

-

Hinh 2. Hé théng diéu khién véi PID tuyén tinh

Vi bo diéu khién PID tuyén tinh chi dya vao sai
s6 cua tin hiéu ra va hé sb diéu khién ¢ dinh, nén nd
khong dat dugc hiéu suat hop 1y trong nhiéu diéu
kién van hanh khac nhau. Chit luong cua hé thdng
diéu khién, ching han nhu thoi gian 6n dinh, d6 vuot
16, hodc sai $6 & trang thai on dinh co thé duoc cai
thién dang ké bang cach diéu chinh gia trj cta cac hé
sé diéu khién K,, K;, va K;. Sau 4o, K,, K4, va
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K; s€ trd thanh ham cua budc thoi gian rdirac k va
sai s0 e(k). Noi dung chi tiét s& trinh bay trong muc
tiép theo.

3.2. B diéu khién PID thich nghi

Mot bo diéu khién két hop gilra mang no-ron va
PID dugc d¢ xudt dé diéu khién chuyén dong cua
CDPR trong khong gian khau khép. Hé thong didu
khién nay dugc hop thanh tir hai phan, phan thir nhét
14 bd diéu khién PID thich nghi va phan con lai 1a ham
chi phi (Hinh 3).

Cost function

Nonlinear
PID
e(k) 12t ] | controtter | Uk Cable L(k)

AT using Robot
neural
AT ei(k) network
=
4

Hinh 3. Céu trisc bj diéu khién PID thich nghi siv

dung mang no-ron

Aa(k)

Tverse | Lo(kK)
kinematics

eyk)
K (k)

u(k) = f(x)
Ki(k)

Hinh 4. Céu triic mang no-ron

Tin hiéu diéu khién wu(k), mot ham sigmoid:

u(k) = f(x) = 2h-epCan] ©)

a[1+exp(—ax)]’

Trong d6: x la dau vao, a 1ahé sd, hai thong $6
nay 1a co s& dé xay dung ham sigmoid.

CAu trtc cua mang no-ron dugc mo ta nhu trong
Hinh 3. K,(k), Ka(k), K;(k), e,(k), eq(k), va
e;(k) tung tng la cac hé sb ti 18, hé sb vi phan, hé s6
tich phan va céc sai s gitra gi4 tri chiéu dai day tham
khao va chiéu dai day thuc té.

e,(k) = e(k) = Ly(k)

e;(k) = Xf., e(NAT,
i--0 (11)
(12)

Trong d6: z 1a toan tir ciia phép bién dd6 Z, k 1a
chudi roi rac, L(k) 1a chidu dai day, va Ly(k) la
chiéu dai tham khao cua day.

—L(k), (10)

Sau do, tin hiéu vao x(k) =
[x, (k)  x,(k) x5(k)]T trong 16p ra duogc x4c
dinh

x(k) = Kpe, (k) + K;e; (k) + Kyeq(k)  (14)
voi K, =diag(Kpy, Kpa, - Kps) . Ki=
diag(Kiy, Kiz, -, Kig) ) : . Kq =
diag(Kyq, K4z, -, Kgg) tuong Gmg 1a hé sb ti 1€, tich
phéan va vi phan.

Céc hé sb K,, K;, and K, can dugc diéu chinh
bang cach st dung mang no-ron. Mgt ham chi phi
V (k), biéu dién sai s giita diu ra mong mudn va diu
ra thyc té duoc dinh nghia:

V) =5 [Lg = LI"[Lg — L]

2 Tt Clan = L)

Mang no-ron s& t6i vu ham chi phi bang thuat toan
lan truyén nguoc, dong thoi huan luyén cac hé sé cua
b6 diéu khién PID:

(15)

= ‘eded

v (k)

Kpn(k +1) = Kpn(k) — Xpn @9 (16)
av(k
Kin(k +1) = Kin (k) = in g 17)
v (k)
Kdn(k + 1) = Kdn(k) — Xdn K gn’ (18)

Trong d6: yp, 7, va yala tbc dd hoc, n = 1,2, ...8.
Lay dao ham hai vé cta (11) theo hé s6 diéu khién:

V() _ 0V (k) Ly dupn dxp (19)
0Kpn  OLn Oup 0xn 0Kpn’
V() _ 0V (k) Ly dup dxn
0Kin 0Ly Oup dxp 0Kip (20)
aV(k) _ dV (k) OLy dun dxn @)
Kgn  OLp Oun 0xp 0Kgn’
Trong d6:
v _
oL [Ldn(k) Ln(k)] = _epn(k)a (22)
aun(k) 4 exp(—axy(k))
k —_— 23
= () = 20 @Y
";‘;;“‘) e, 220 = e (), 2B —e i) (24)

Thay cac phuong trinh (22), (23), va (24) vao céc
phuong trinh (19), (20), va (21) cho ra:

av(k) _ av(k) L, dup dxn
Mpn aLn Aty Dxn OKpy

. _ _e ( ) Ln 4exp(—rxxn(k)) ’ (25)
Chiéu dai day Lg(k) dugc xac dinh bang cac PR dun [1+exp(-axn (k)]
erllcoc?er tror}g khi do ckfleu dai d‘ay tharP khao L, (k). ovik) _ e (k) p Ln s exp(~axn(h)) 26)
xac dinh nho phuong trinh (5) va chuyén vi mong dgi oKin €pn in [1+exp(—axn ()]
ctaBE qu(k) =[*¥a Ya Za 6xa 6ya 0:4]".
La() = [lax laz - las]" =h(qy). (13)
121
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av (k) oL, 4 exp(—axn(k))
= —e,, (k)eqy (k) 2n _texpizam@)
aKd‘n. epn( )edn( ) aun [1+exp(—¢xxn(k))]2’ ( 7)

Khi dL,/du, = 1 hoi tu véi mot toc do khong
d6i va thé phwong trinh (25), (26), va (27) vao (16),
(17) va (18) thu duoc:

Ko (k+1) (28)

) , 4exp(—ax, (k))

= K (K) + 250850 (K) [L+exp(—ax, (K)]*
Kin(k+1) (29)
=K, (K) + 7.8, (K&, (K) [1+exp(—ax, k)P
Kan(k+D) (30)

dexp(-ax, (k)

= Ko )+ 2y (00 (K) 1 = GO

4. Két qua thi nghi¢m

Phan cimg cia CDPR gém may tinh HP (Intel®
Core™ i-7 CPU 3.4GHz), cac mo6 to (Delta, ECMA -
C10604ES) va vi diéu khién (TMS320F28379D). Mo
ta thong sd va cdu triic cia CDPR twong tng thé hién
trong Bang 1, va Hinh 5. B diéu khién thich nghi
dugc phat trién trén moéi trudng cua Simulink/Matlab
va sau d6 ndé duoc chay trén wvi diéu khién
TMS320F28379D dua vao toolbox real time. Vi diéu
khién két ndi v6i mo to thong qua chuan CAN-Bus.

Bing 1. Théng sé ciia hé théng va thong sé diéu khién

Hg théng Théng s didu khién
m=191kg a=0.5, K,(0) =
g=9 stme, 11 e,
' ’ K;(0) =
I = 0.059%kgm?, (0
1= 0.059kgm? [0.001 0.001 0.001]1xg.
y— Y. 5
K, (0) =
L = 0.002kgm> a(0)
[0.1 0.1 0.1]1xs-

Hinh 5. H¢ thong CDPR trong phong thi nghiém
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Thi nghiém dua ra dé danh gia hiéu qua cua bo
diéu khién PID thich nghi sir dung mang no-ron. Cac
hé sb K,, K4 va K; s& dugc xdc dinh online theo
cong thire (16), (17) va (18). Quy dao di chuyén 1a mot
hinh chir nhat cé kich thude 30x30 cm véi thoi gian
di chuyén 1a 200 gidy. Trong thi nghiém nay, mot kich
ban dugc mo ta nhu trong Hinh 6 trong do, vi tri ban
dau cua EE tai [0, 0, -0,24, 0, 0, 0], diém bét dau
P1(0,0) cm, P>(15, 0) cm, P3(15, 15) cm, P4(-15, 15)
cm, Ps(-15, -15) em, Ps(15, -15) cm, P7 = P,, va diém
cudi Pg = Pi.

YA\
Py P3
Pl P2
Ps P, X
Ps Ps

Hinh 6. Tam vi tri ma EE di qua

Két qua thi nghiém duoc thé hién trong cac Hinh
7,8,9, va 10. Hinh 7 thé hién két qua thi nghiém giita
b didu khién PID thong thudng va b didu khién PID
phi tuyén véi vi tri cua EE. Gia tri cdp nhat ciia thong
sb didu khién (Kp, Ki,va Ky)duge thé hién trong cac
Hinh 8, 9 va 10.

Trong thi nghiém, gia tri khéi tao ban dau cua ca
hai bo diéu khién cho K, K, va K, dwoc dat 1a bang
nhau (twong ung 1, 0.01, 0.1) (xem Bang 1). Muc dich
ctia thi nghiém 1a dé chig minh kha ning cta bd diéu
khién PID thich nghi. Téc d6 hoc duoc dit bang X, =
0.15[1,1,1,1,1,1,1,1] , x; =0.1[1,1,1,1,1,1,1,1] ,
Xq = 0.1[1,1,1,1,1,1,1,1]. Tur trong Hinh 7, chiing ta
c6 thé nhan thdy rang b didu khién PID thong thudng
¢6 phan tmg dao dong va sai s6 16n (0,3cm) (xem
dudng mau xanh trong Hinh 7) trong khi d6 bo diéu
khién PID thich nghi gan nhu khong c6 dao dong va
sai s6 rat bé (nho hon 0,05¢m).

Trong Hinh 8, 9 va 10 thé hién gi4 trj ciia cc hé s6
K,, Kg va K; duoc xac dinh thong qua mang no-ron
bang cach toi uu hoa ham chi phi. Cac thong so6 nay s¢€ thay
ddi theo sai s6 ciia chiéu dai day. Trong khi bo diéu khién
thich nghi PID luon luén thay d6i K,, K, va K; dédap
{mg qué trinh bam quy dao thi bo diéu khién PID tuyén
tinh chi c6 mot gia tri khong doi véi cac hé s6 diéu khién.

Tir két qua thi nghiém trén, bo didu khién PID
thich nghi sir dung mang no-ron da dugc xac nhén la
hiéu qua trong viéc diu khién vi tri ciia EE va thé hién
kha ning thich nghi trong viéc tinh chinh cac hé s6
diéu khién PID dé tang chét lugng diéu khién.
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——PID real path
—-—-= desired path
Neural PID real path

y position (cm)  -10 . ".'.m

= - L 1
0 20 40 60 80 120 140 160 180 200

100
Time (s)
Hinh 9. Hé sé6 K; trong qud trinh di chuyén theo quy

dao hinh chir nhat

5. Két luan

Trong nghién ctru nay, bd diéu khién PID thich
nghi str dung mang no-ron da dwoc dé xuat. Hiéu suét
clia by diéu khién da duoc kiém tra trén hé thong
CDPR va so sanh véi b diéu khién PID tuyén tinh
dugc dé xuét. Bo didu khién nay co kha niang diéu
khién thich nghi va cac hé s6 diéu khién duoc ti uu
hoa thong qua thudt toan lan truyén nguoc. Thi
nghiém d4 minh chimg bo diéu khién dugc dé xuét 1a
pht hop cho viée diéu khién CDPR.

Loi cdm on
Nghién ctru nay duoc tai trg boi Truong Pai hoc
Hang hai Viét Nam trong dé tai ma s6: DT24-25.35.

TAI LIEU THAM KHAO

[17A. Rashvand, Ehsan Damghani, H. D. Taghirad
(2023), Kinematic and Dynamic Analysis of
CPR-A: An Aerial Cable Suspended Parallel
Robot, 2023 11th RSI International Conference

(ICRoM),

on Robotics and Mechatronics

pp-544-549.

[2] Mahmoud Zarebidoki, Jaspreet Singh Dhupia,
Weiliang Xu (2022), A Review of Cable-Driven
Parallel Robots:
Analysis Techniques, and Control Methods,
IEEE Robotics & Automation Magazine, Vol.29,
No.3, pp.89-106.

Typical  Configurations,

KHOA HOC - CONG NGHE

1.12

1.08 |-

106

1.04

1.02

1

0 20 40
Time (s)

Hinh 8. Hé 56 K p trong qud trinh di chuyén theo quy
dao hinh chir nhat

0.1008

0.1006

Z 0.1004

0.1002 [

0.1 ==
100 120 140 160 180 200
Time (s)

Hinh 10. Hé s6 K4 trong qud trinh di chuyén theo
quy dao hinh chir nhat

[3] H. D. Taghirad and M. Nahon (2008), Kinematic
Analysis of a Macro—Micro Redundantly Actuated
Parallel Manipulator, Advanced Robotics, Vol.2,
No.6-7, pp.657-687.

[4] Arthur Ngo Foon Chan, Wuichung Cheng, Darwin
Lau (2024), Deformable Open-Frame Cable-Driven
Parallel Robots: Modeling, Analysis, and Control,
IEEE Transactions on Robotics, Vol.40, pp.3465-3480.

[5] F. Shiging, D. Franitza, M. Torlo, F. Bekes, and M.
Hiller (2004), Motion control of a tendon-based
parallel manipulator using optimal tension
distribution, 1EEE/ASME Transactions on
Mechatronics, Vol.9, No.3, pp.561-568.

[6] J. Lin, C. Y. Wu, and J. Chang (2018), Design and
implementation of a multi-degrees-of-freedom
cable-driven

parallel  robot with gripper,

International Journal of Advanced Robotic

Systems, Vol.15, No.5.
[71B. Zi, N. Wang, S. Qian, and K. Bao (2019),

Design, stiffness analysis and experimental study
of a cable-driven parallel 3D printer, Mechanism
and Machine Theory, Vol.132, pp.207-222.

[8] W. Shang, B. Zhang, B. Zhang, F. Zhang, and S.
Cong (2019), Synchronization Control in the
Cable Space for Cable-Driven Parallel Robots,
IEEE Transactions on Industrial Electronics,

Vol.66, No.6, pp.4544-4554.

SO 82 (04-2025)

123



KHOA HOC - CONG NGHE

TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

[9] H.Bayani, M. T. Masouleh, and A. Kalhor (2016),
An experimental study on the vision-based control
and identification of planar cable-driven parallel
robots, Robotics and Autonomous Systems, Vol.
75, pp.187-202.

[10] A. Alikhani and M. Vali (2011), Modeling and
robust control of a new large scale suspended
cable-driven robot under input constraint, in 2011
8th International Conference on Ubiquitous
Robots and Ambient Intelligence (URAI), pp.238-
243.

[11] S. A. Khalilpour, R. Khorrambakht, H. D.
Taghirad, and P. Cardou (2019), Robust cascade
control of a deployable cable-driven robot,

Mechanical Systems and Signal Processing,
Vol.127, pp.513-530.

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

[12] M. Zeinali and A. Khajepour (2010), Design and

Application of Chattering-Free Sliding Mode
Controller to Cable-Driven Parallel Robot
Manipulator: Theory and Experiment. Available:
https://doi.org/10.1115/DETC2010-29153.

[13 JR. J. Caverly and J. R. Forbes (2014), Dynamic

Modeling and Noncollocated Control of a Flexible
Planar  Cable-Driven  Manipulator, = 1EEE
Transactions on Robotics, Vol.30, No.6, pp.1386-
1397.

[14] J. Lamaury, M. Gouttefarde, A. Chemori, and P.

Hervé (2013), Dual-space adaptive control of
redundantly actuated cable-driven parallel robots,
in 2013 IEEE/RSJ International Conference on
Intelligent Robots and Systems, pp.4879-4886.

Ngay nhan bai: 08/02/2025
Ngay nhan ban sua: 11/03/2025
Ngay duyét dang: 11/03/2025

SO 82 (04-2025)




