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Tom tit

Khi md hinh toan hoc khéng c6 sdn va cdc diéu
kién cu thé cua hé théng dwoc cung cdp, phirong
phdp diéu khién thich nghi khong c6 md hinh
(MFAC) duwgc dé xuat dua trén ki thugt tuyén tinh
héa dong véi dao ham riéng cho hé thang roi rac
nhiéu dau vao va nhiéu dau ra. Y tuwong diéu khién
chinh 1a thiét Idp céc théng so hé thong thoi gian
thuee dai dién cho c4c bién cua hé thong dieoc thuc
hién bang céach chi siz dung cdc dau vao va dau
ra. Sau dé, bé diéu khién dé xudt dwoc thurc hién
thanh céng cho mét robot song song diéu khién
bang day (CDPR) dé diéu khién vj tri cua robot
(EE). MFAC nay da dwoc ap dung va ching minh
hiéu sudt dat yéu cau trén nén tang CDPR thyc té.
Tir khoa: Piéu khién khdng md hinh, dieu khién
thich nghi, robot song song.

Abstract

When a mathematical model is not available and
system-specific conditions are fulfilled, a model-
free adaptive control (MFAC) approach is
proposed based on a new dynamic linearization
technique with a pseudo-partial derivative for a
class of general multiple-input and multiple-
output nonlinear discrete-time cable robot system.
The key control ideal is that an estimation of real-
time system parameters that represent system
dynamic variations is realized by using only
inputs and outputs. Then the proposed controller
is successfully implemented in a cable-driven
parallel robot (CDPR) to control the position of
the end-effector (EE). This MFAC was applied
and demonstrated satisfactory performance on an
actual CDPR platform.

Keywords: Model-free control, adaptive control,
parallel robot.

1. Giéi thiéu chung

CDPRs la mot robot ma chuyén vi (bao gom vij tri
va hudng) cua EE duoc diéu chinh bai cac day doc lap
v6i mot dau ndi véi EE va dau con lai ndi véi khung
[1, 2]. EE dugc diéu khién dén vi tri va huéng mong
mudn bang viéc thay d6i chiéu dai ciia cac day. Nhiing
vu diém chinh cua CDPRs bao gdm khéng gian lam
viéc 16n [3], toc do cao [4, 5], va co kha ning chiu tai
16n [6].

Gan day, c4c thuat toan didu khién cho CDPR da
gy duoc su chu y dang ké. Luat diéu khién phan hoi
PD [4] va PID [7] trong khéng gian khop dugc khai
thac dé kiém soat chuyén vi cua EE. Mot bo diéu
khién bén vitng PID [8] duoc thiét ké cho CDPR véi
su khong chéc chén vé ciu tric cua hé thdng. Phuong
phap diéu khién phan cip [6] duoc phat trién dé dap
g diéu khién vi tri. Mot b diéu khién md men xoin
tinh toan (CTC) [5] dugc d& xuit cho mot robot song
song. Hé thong diéu khién tao thanh mot phan chuyén
tiép dong nghich dao va mot vong phan hdi. Mot tiép
can diéu khién trong [2] dya trén CTC véi hoi tiép
tuyén tinh dwoc gidi thiéu dé didu khién CDPR véi
nhitng day c6 tinh dan hoi lén. Mot bo didu khién
dong bo hoa [9] dwoc st dung dé nhan ra chuyén dong
ddng bo hoa gitra cac day va vi tri diéu khién chinh
xéac cua EE. Cac ké hoach diéu khién khac ciing da
duoc &p dung cho CDPR, ching han nhu b diéu
khién truot (SMC) [10-12], SMC giam [13], hoic diéu
khién thu dong [14]. Hon nita, bo diéu khién mang
noron thich nghi [15] ciing dugc st dung cho CDPR
V6i d6 bio hoa dau vao dé bu lai sy khdng chinh xac
ciia md hinh hé théng.

Diéu khién thich nghi khéng mé hinh lan dau tién
duoc gioi thiéu bai Hou [16, 17] cho cac hé thong phi
tuyén roi rac. Thuat toan diéu khién nay duoc st dung
rong réi trong nhiéu linh vyc. Dya trén Iy thuyét
MFAC, vén dé& kiém soat huéng di cua cac thiét bi mat
nudc [18] véi sy khdng chéc chan duoc didu tra. Mot
thuat todn MFAC mai [19] dua trén phwong phap
chiéu kép lién tiép duoc dé xut cho cac bai toan diéu
khién xe 6 to tu lai. Yaoyao [20] phét trién mot
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phuong phap diéu khién bén viing khéng mé hinh dya
trén phuong phap diéu khién trugt va phuong phap
diéu khién khdng mé hinh cho robot song song. Raul-
Cristian [21] két hop MFAC vai thanh phan mo bang
cach diéu chinh phan hdi tham chiéu ao cho cac hé
théng can cau thap. Két qua thuat toan dugc minh
chimng thong qua vi tri goc canh tay robot ciia can cau
thép trang bi trong phong thi nghiém.

Trong nghién ctru nay, diéu khién khéng mé hinh
(MFAC) duoc thiét ké dua trén nhiing Iy thuyét duoc
trinh bay trong [17, 18, 22] dé diéu khién vi tri cua
CDPR. Bo diéu khién dé xuét 1a dua trén md hinh
dong luc hoc tuyén tinh va dao ham riéng cua hé thong
roi rac phi tuyén nhiéu tin hiéu vao nhiéu tin hiéu ra
(MIMO).

2. Véan dé vé diéu khién khong mé hinh

Mb hinh dau vao/dau ra (1/0) cua mot hé thong roi

rac phi tuyén MIMO [17] dwoc md ta nhu sau

y(k+2)=F(y(K),-..y(k=n,),u(k),..u(k-n,)), (@)

Trong d6: y(k)eR” va u(k)eR® tuongung la
céc 1/0, ny, ny la bac ty do, p, g la cac sb nguyén, va
f(+) € RP 1a ham phi tuyén.

Dang tuyén tinh dong cua hé thng roi rac (1)
duoc xay dung duya trén céc gia thiét sau:

Gid thiét 1: Dao ham ting phan cua f(+) déi véi
dau vao u(k)Ia lién tuc.

Gid thiét 2:|ay(k+1)| <bfau(k)| va |au(k)[=0
cho mdi k véi  Ay(k+1)= y(k+1)-y(k)
Au(k)=u(k)-u(k-1), va b la mot hiang s6 duong.

Nhu thao luan trong [17], hé thdng phi tuyén roi
rac (1) c6 thé chuyén d6i thanh mot md hinh dix ligu

Ay(k+1) = ®(k)Au(k) , @)

Trong d6: @(k) 1a ma tran gia Jacobi (PIM),

q)ll(k) q)12(k) q)lCl(k)
(D(k) — (Dll:(k) (D12:(k) q)lq:(k)
@y (k) (k) - Dy (k)

pxq
va |@(k)|<b

3. Thiét ké bd diéu khién MFAC

Trong nghién ciu nay, muc tiéu chinh l1a diéu
khién hé théng MIMO khi khdng biét mo hinh toén
trong diéu kién cu thé, chi s dung di liéu do dac 1/0
cta hé théng diéu khién vong kin. Quan tam dén ham
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t01 wu sau:

u(k-3, ®

Trong d6: y,(k+1) latin hi¢u ra mong mudn va
A 1a mot hang trong s.
Tir (2), cdng thirc ¢6 thé duoc viét lai nhu sau:

uk-1]. (4

3 =[yq (k+2) =y (k+2)[ + 2]u(k) -

y(k+1)=y(k)+®(k)[u(k)-
Thé (4) vao (3) chingtaco
Hyd k+1)- (K)[u(k)
- (k—l)H

Khi hé théng 6n dinh, ham téi uu J, tién téi khong.
Do vay, dao ham cua (5) theo u(k), va cho né bang
khong, J, tiép can toi gia tri tdi wu xung quanh gia tri
khong.

(k - 1):|H2 (5)

+Au(k)

u(k)=u(k - +& 1) -
R G RICIC

Trong thuc té, J, c6 thé khong hoi tu. Van dé nay
6 thé duoc khic phuc bang cach dé& xuat tham sé
pe(0+1] dé giam kich thudce budc 13p. Sau do, cong
thirc (6) c6 thé dugc viét lai nhu sau:

u(k)=u(k-1)+ p— 0 Ty, (k

ﬂ+H<I> i

(K)]. @

Dé thiét 1ap @ (k), mot ham téi uu khéc dua ra
trong [22] cho ®(k) duoc su dung trong nghién ciru
nay.

Ay ()~ d (k) au(k ~1)

Jp = , 8
-tk

Trong d6: x>0 latrong so.
Ay(k)

o Bo thiét lap Sai s6 thiét lap

Au(k-1)

Sai s thiét lap
Yi(kt1) 4 y(k)
MFAC l__.| CDPR |——>

ll(k-l) ,_ll ll(k)
L

L

Hinh 1. So' dé diéu khién ciia MFAC [17]

SO 66 (4-2021)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

-JOURNAL OF MARINE SIENCE AND TECHNOLOGY-

Khicho 6J,, /o®(k)=0, ching ta thu dugc:

%A k-1
a0 # P o) )
1 _—
mAy(k)Au (k-1)

Dé dam bao tinh hoi tu cia @(k), thong sé
ne(0+1] duge dé xuat dé giam kich thuéc budc Iap.

%A K_1
SN PR -y . (0)
T AVOALT (K
e pugeoyp YA Y
v6i (1) la gid trj khoi tao ciia PIM.
PJM [18] khai dong lai khi:
(k) <=
o(k)=d(1) if ||au(k-1)|<e , (11)
sign((i)(k));tsign((i)(l))

Trong d6: sign(+) 1a ham sign va & 1a mot s duong
bé tily .

Trong ké hoach diéu khién ciia MFAC, dit liéu 1/0
cua hé théng diéu khién dugc sir dung dé thiét lap
thong sé thay ddi theo thoi gian @(k). Gia tri thiét
lap (k) va tdi uu hoa sai s6 duoc gidi thiéu trong
ké hoach diéu khién, tin higu diéu khién méi u(k)la
dat duoc. Dya trén tin hi¢u diéu khién u(k)va dau ra
y(k), PIM méi duoc thiét 1ap thong qua @ (k +1).
Toan b qua trinh diéu khién dugc md ta nhu trong
Hinh 1.

4. Nghién ciru trwong hop cho CDPR

Trong phan nay, cac thi nghiém tap trung vao kiém
soat vi tri cua EE trong khéng gian khop cua CDPR.
CDPR la mot hé théng MIMO trong d6 tin hiéu ra

y(k)=[L(k) L(k) -
cia day the i (i = 1 + 8) va tin hiéu vao
u(k)z[rl(k) 'rz(k)

diéu khién cua day thu i trong khdng gian khap.

(k)] & do Ii la chiéu dai

la m6 men

rs(k)] Véi T,

Pong hoc nguoc [23] dugc sir dung dé chuyén doi
chuyén vi caa EE thanh chiéu dai cua cac day:

I :"ai —Zb, _P" s (12)

Trong d6: a, 14 véc to vi tri cua du day tha i ndi
véi khung, b, 1a véc to vi tri clia dau day thu i ndi
VG EE, p=[x y z| lavécto vitri cua trong tam

cua EE,va E la mot ma tran chuyén.
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Hinh 2. Mé hinh CDPR trong phong thi nghiégm

cpcy saspcy—casy caspcy+sasy
E=|cfsy saspsy+cacy caspsy-—-sacy |,

-sp sacp cacf

Trong d6: ¢, B, va ytuong tng la c&c géc nghiéng
cua EE theo batruc x,y,vaz, ca=cosa, Sa=Sina,
cB=cospB, sp=sinfB, cy=cosy,va Sy=siny.

M® hinh trong phong thi nghiém ciia CDPR duoc
thé hién trong Hinh 2. Phan cimg bao gém may tinh
HP (Intel® Core™ i-7 CPU 3.4GHz), dugc sir dung
dé tinh toan tin hiéu diéu khién va diéu khién 08 mo
to (Delta, ECMA-C10604ES) théng qua mach D/A
(TEXAS INSTRUMENTS LUANCHXL-F280049C
and TMS320F28379D). Chiéu dai cua mdi day dugc
xac dinh théng qua cac encoder (gin trén cac mo to)
va hdi tiép thong chuan giao tiép CAN-Bus t6i may
tinh. Phan mém diéu khién dugc thuc hién vai
Simulink/Matlab.

Céc thong sé ciia CDPR duoc st dung trong thi
nghiém la: m = 1,91kg; g = 9,81m/s?; I, = 0,059kgm?;
I, = 0,59 kgm?; va I, = 0,002kgm?.

Diéu kién khoi tao va céc thdng sb cua bo diéu
khién 1a: 5(0) = 0, 11(0) = 12(0) = I3(0) = 14(0) = 1,048m;
I5(0) = ls(0) = 1(0) = lg(0) = 1,08m; @(1) =
diag(0,1;0,1;0,1;0,1;0,1;0,1;0,1;0,1); A = 0,38; p =
0,003; x=0,095; 1 =0,0095; va ¢ =0,008.

Thi nghiém duoc dwa ra dé hoan thanh hai nhiém
vu di chuyén doc theo truc x va truc y.

Thi nghiém dau tién diéu tra dac tinh di chuyén
cua CDPR doc theo truc x. Trong thi nghiém nay, EE
di chuyén tir diém nay (x, y) = (0, 0) t&i diém muc tiéu
(x, y) = (30cm, Ocm). Pép tng diéu khién duoc thé
hién trong Hinh 3. Vi tri cua EE dugc md ta trong
Hinh 3(a), trong khi hudng cua EE duy tri quanh gia




tri khong trong sudt qua trinh di chuyén (Hinh 3(b)).
351 7

Vi tri (cm)

Géc (d0)

KHOA HQC - CONG NGHE

301

25

— [x=]
w =
T

—_
<
T

TAP CHI ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

> Thoi gian (s)
(a) Vi tri cua EE.

0 5 10 15
Thoi gian (s)
(b) Huéng cua EE.

Hinh 3. Thi nghiém di chuyén doc theo truc x

X (cm)

-
o
-
-

Thai gian (s)

(b) Huéng cua EE.
Hinh 4. Thi nghiém di chuyén dec theo trucy
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Thi nghiém tht hai dam bao sy di chuyén cua EE
doc theo truc y tir goc toa d6 dén vi tri y = -30cm. Hinh
4 thé hién dap ng ciia CDPR. Trong Hinh 4(a), EE
duoc yéu cau di chuyén tir goc toa do toi diém muyc
tiéu (x, y) = (0 cm, -30cm) trong khoang thoi gian 9s.
Hudéng cua EE dugc thé hién trong Hinh 4(b).

Dua trén nhirng két qua thi nghiém néu trén, chiing
da thé hién rang bo diéu khién dé xuat 1a phi hop dé
kiém soat ca vj tri va huéng cua CDPR.

5. Két luan

Trong nghién ctu nay, tiép can diéu khién MFAC
duoc dé xuit va tng dung cho hé théng CDPR phi
tuyén MIMO khi khong biét mé minh toan hoc. Pong
g6p caa nghién ciu nay cé thé duoc tong hop nhu &
dudi day:

(i) Gisi thiéu bo diéu khién MFAC dé kiém soét
cac dau ra cua nhirng hé théng MIMO.

(ii) Sau do, bo diéu khién dé& xuat nay duoc ng
dung trén mé hinh CDPR chi dya trén viéc do
dac dix liéu 1/0O cua CDPR.

(iii) Nhirng thi nghiém thé hién rang bo diéu khién
MFAC pht hop véi CDPR dé kiém soét vi tri
va hudng cua EE.
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