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Tém tiit

Bai bdo nay gidi thiéu mot b diéu khién phi tuyén
thich ung dva trén diéu khién truot dé kiém soat
hwong va vi tri cua thiét bi dau cudi trong mot cdu
hinh ciia robot ddy song song (CDPR) dé thuc
hién viéc phun son cho vé tau thity. Uu diém chinh
ciia bo diéu khién la c¢é kha nang thich nghi va
khdc phuc lai sy khong chdc chdn cua hé théng
robot. Ngodi ra mgt bé quan sdt nhiéu logn ciing
duge thiét ké cho hé thong robot. M6 phong so
trén phan mém MATLAB/Simulink dwoc dwa ra dé
minh chitng kha néing ciia bé diéu khién dé xudt.
Tw !(héa: Robot ddy song song, son tau bién, diéu
khién trugt thich nghi, bo quan sat nhiéu loan.
Abstract

This paper introduces an adaptive nonlinear
controller based on the backstepping sliding
control method to control the orientation and
position of an end-effector in a cable-driven
parallel robot (CDPR) configuration to perform
paint spraying for ship hulls. The main advantage
of the proposed controller is its ability to adapt
and overcome the uncertainties of the CDPR
system. In addition, a disturbance observer is also
designed for the CDPR system. Several numerical
simulations on MATLAB/Simulink software are
given to demonstrate the capability of the
proposed controller.

Keywords: cable-driven parallel robot (CDPR),
painting ship, adaptive backstepping sliding mode
control (ABS-SMC), disturbance observer.

1. Giéi thiéu chung

Son vo tau 1a mét cong viéc nang nhoc va nguy
hiém cho cong nhan. Dé giam thiéu mdi nguy hiém nay,
tw dong hoa son vo tau bang cac loai robot 1a mot cong
viéc can thiét va c6 nhiéu y nghia. N6 mang lai hiéu qua
kinh té, giai phong strc lao dong cho con nguoi.
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Tuy nhién, quy m6 16n va do phirc tap cua vo tau
1a mot thach thirc ddi véi cac hé théng son tu dong.
Vé6i nhitng vu diém nhu khong gian 1am viéc rong,
linh hoat trong cau hinh va kha niang chju tai cao [1],
[2], robot song song dan dong bang diy (CDPR) cho
thdy sy phu hop ciia chiing véi nhiém vy son vo tau
thuy. CDPR c¢6 thé duge coi 1a mot loai robot song
song trong d6 co cdu dau cubi duoc didu khién bing
day chir khong phai la cac thanh lién két cimg.

Bén canh nhiing wu diém, bd diéu khién cho
CDPR can phai duy tri d cang cua day trong thoi gian
van hanh 1a mét nhiém vu can thiét va kho khan. Bai
toan phan b luc cang dbi voi CDPR da dugc nghién
cru trong nhiéu nghién ciru va phuong phap dang
dong cai tién 1a cach nhanh nhat dé giai quyét van dé
phan bd luc cang cua day [3].

Bo diéu khién ché d¢ truot thich ghi (adaptive
backstepping sliding mode control - ABS-SMC) duogc
dé xuét trong [4], 1a mot bo bo diéu khién ché d6 truot
két hop voi mot bd quan sat thich img. Su két hop dan
dén sy manh mé tr b diéu khién ché do truot va nang
cao kha nang thich ng. Trong nghién clru nay, méot
bd diéu khién ABS-SMC cho robot song song diéu
khién bang day duoc thiét ké dua trén phwong phap
cta diéu khién truot. Mot s6 md phong ciing duoc
thue hién voi muc dich kiém tra tinh hiéu qua cta bd
diéu khién dugc dé xuét.

2. M6 hinh dfng lwe hoc ciia CDPR

Bing viéc ap dung dinh ly Lagrange, mo hinh
dong luc hoc cia CDPR dugc dé xuét va phan tich
trong cac nghién cuu [5], [6]:

M(q)d+C(a.§)q+9(q)=Jt+F°, €))

’trong‘ do: q = [X, Y,z2,0,, Hy, HZ] :La chuyén vi cla
thict bi dau cudi;
M(q): La ma tran khéi luong ciia hé thong;
C(q,q) : La ma tran lyc ly tdm va Coriolis;

g(q) :La véc to gia the trong truong;
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J : La ma tran Wrench;

7 : La véc to luc cang cua day;

Fe 12 véc to ngoai luc tac dung 1én thiét bi ddu cudi.
Trong tng dung son vo tau thuy, gié hay sy khong
bang phang ctia bé mit vo tau c6 thé dan dén luc d tac
dung 1én thiét bi dau cudi cung voi lyc lam viée, FY
nhu sau:

F*=F"+d, 2)

Hinh 1. Céu tric ciia CDPR

3. Thiét ké bd diéu khién
3.1. Bj quan sdt nhiéu

Trong phan nay, chiing t6i thiét ké mot bo quan sat
nhifu d cta nhidu d. Bo quan sat nay s€ dugc s
dung trong bd diéu khién. Bo quan sat [4] dugc thiét
ké dwa vao sai sb giita thong sb trang thai do dac va
thong sd trang thai xac dinh dwoc tir mé hinh:

d ) 3
=5 Q- M* (—CQ—g+Jr+F‘”)+M‘1& - G

trong d(’)T &=[g, &,] 1ahesd ciabd quan sat va
Q=[a af .

Dinh nghia véc to z=d-&Q , va tir (3) chiing ta
co:

X
- gﬂl\/r1 (Ca+g-Jr-F")-M*(z +§Q)D @

3.2. Thiét ké bé diéu khién trwet thich nghi

Buwiéc 1: Pinh nghia sai sd vitrie=q -0y, VOl qu
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la quy dao mong dg¢i, m6 hinh dong luc hoc (1) co
thé duoc viét lai trong mo hinh khong gian trang thai

nhu sau:
X, =€=X
s )
X, =6=b+u+Md
trong dob,uva d dugc dinh nghia nhu sau:
b=M*(-C4-g+F")-g,. u=M"Jr.

Trong hé thdng thir nhét, x, duoc coi nhu 1a tin
hiéu vao a0 va ham Lyapunov dugc lya chon nhu sau:

V, = %XI X, » (6)
va tin hiéu diéu khién ciing 14 gia tri mong doi ciia xa,
rn=-Kx,. @)

Tinh dao ham cua V; theo thoi gian:
V=X % =X (X, 1) =X KX, . )
Néu X,=r, thi V,=-xKx <0 . Luat diéu
khién u trong cong thirc (12) can tao ra x, theo gia tri

mong doi ri.

Buwdc 2: Dinh nghia mat trugt nhu sau:
s=Mx, +(x,-r), ©)

trong d6 A =diag(4,4,,....4 ), & > 0. Trong
toan b hé théng, Ham Lyapunov dugc lya chon:

(10)

1 1
v, :Exle +§sTs .
Tinh toan dao ham cua V> theo thoi gian thu dugce:

vz = XI (Xz _rl)_XI K1X1

.
+5"[A(x, -15)+b+u+ M+ KX, | a

Trong cong thic (5), X2 ¢6 thé duge xem nhu 1a
mét tin hiéu didu khién ao cua x; va chung toi dé xuit
tin hiéu diéu khién u cua x, 1a [3]:

U=Ug, +Ug, —M™d, (12)
trong do:
Uy =—(A(x, +K;x; ) +b+ KX, )
Uy = —[h(s+ﬂsign(s))] (13)

d=z+&x, +&,x,

Tu (5) va (12), lyc cang day dugc xac dinh bdi
cong thu sau:
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It =M(u, +ug, ~Md). (14)

So d6 h¢ thong diéu khién dugc mo ta trong Hinh 2.

d Bo | Hé¢ q
qq | diéu thong -
—>1 khién CDPR

B6 quan
sat nhiéu [*q

Hinh 2. S0 dé hé thong diéu khién

3.3. Swon dinh

Pé chimg minh sai s thiét 1ap cta bd quan sat,
e, =d—d, 1a bi chin, ching t6i lwa chon ham
Lyapunov nhu sau [3]:

V, ==e.€, - (15)
Lay dao ham ctia /5 cho ra:
V, =ejé, =-t,e;Me, <0. (16)

Do e, bi chan va gia thiét rang: "M’led ”l <e.
Sau @6 lya chon u trong cong thirc (12), ham \/2
tro thanh:

Vz = XI (Xz _r1)_XI Ky,
+s" [—h(s+,6’sign (s))+M* (d —d)}

< XI (Xz - rl)_XI lel - hSTS_(hIB—g)||S||1

(17

Quan tim dén thanh phan:

Sl il PR

==X (X, —1)+Xx KX, +hs's

X" AX = [x}

trong do:
a, = ha? +K1, a, =a, = hx-0.51, a,, = hi.

Tu cac cong thuac (17) va (18), chung ta co:
V, <—x"Ax—(hg-¢)|s, (19)
Néu chiing ta Iya chon gia tri cia 2 va L dé A 1a mot
ma tran duong va fthéaman hg—¢ >0 thi V, <0.
4. Két qua mé phong
4.1. Gi6i thiéu vé hé théng

Hé thong phun son cho vo tau thily can dam bao
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voi phun son (dwoc gin trén thiét bi dau cudi) phun
hét bé mat vo tau. Hodc c6 thé phun doc theo duong
nao dé. Trong mot truong hop cu thé cua nghién ciru,
chung ta cod thé lya viéc phun son dugc thuc hién theo
mot quy dao cho trudc. Pé mo ta cong viée, chung toi
sir dung mot CDPR [7] vé6i cac thong sb 1a m = 1,91kg;
g =9,81m/s%; I, = 0,059kgm?; I, = 0,59kgm?; va I. =
0,002kgm?.

Céc thong s6 ctia bo diéu khién ciing nhu bd quan sat
duoc lya chon theo phuong phap sai thir va cudi cling
duoc lua chon nhu sau: K;=[5; 5; 4,5; 3; 3,5, 4], A=[6;
6,3;6,1;8;8,3;8,5], [h, B]=[2;0,5]; &:=[1,25; 1,3; 1.42;
2,1;1,9; 0.05], &=1[2,1; 2,5; 3,1; 2,5; 2,4; 0.4].

4.2. Méi trwong mo phéng sé

Dap g cua hé thdng didu khién dugc dé xuat
trong nghién ciru ny s& duoc didu tra bing mo phong
s0. Hé thong diéu khién vong kin bao gdm mo hinh
toan ctia hé thong dong luc - system dynamics (cong
thire (1)), bd quan sat va bo diéu khién - observer &
ABS-SMC controller (cong thuc (12)) duoc md
phong bang phuwong phap sb va duoc giai theo phuong
phap Runge-Kutta v&i ham  ODE45  trong
Matlab/Simulink (xem Hinh 3). Chuong trinh mo
phong trén hé thdng may tinh dugc trang bi CPU
Corei7-7500, tan s6 3.4GHz va 16GB RAM.

I L]

‘dihai
fen

2

Observer (d_hat)
»
——»xt
PR

u
X1
1
S ,|
ABS-SMC controller fen 2 dot
»2 i :
l Syslem dynamics x2

l

0
desired values

Hinh 3. Chwong trinh mé phong trén
MATLAB/Simulink
Khéi desired values ld khdi quy dao tham khdo;
Khoi Observer (d_hat) la khdi bg quan sit mé ta béi
cong thire (13);
Khéi System dynamics la khéi hé thong dong hec hoc
mo ta boi cong thure (1);
Khoi ABS-SMC controller la khoi b diéu khién dé xudt
mé ta boi cong thire (12).
4.2. M6 phong bam quy dao cho CDPR
a. M6 phéng diéu khién bam quy dao
Trong qué trinh phun son cho vo tau thuy, thiét bi
dau cudi khong can phai quy quanh truc Oz nén dé
thuan tién cho viéc tiép can véi img dung, ching ta gia
thiét ring thiét bi dau cubi khong quay quanh truc Oz.
Nhu vay 1a CDPR ung dung cho viéc phun son cho tau
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thity chi c6 5 bac t do vé6i viée bo qua chuyén dong
quay quanh tryc Oz cua thiét bi dau cudi. Quy dao
mong doi cia thiét bi dau cudi duoc Iya chon nhu sau:

X = 0-158"1(2?”0 ,m (20)
.27

Yo = O.ISSIH(E) ~ 0.15,m @1

Zy = —0.24—0.0]1, (22)

ex = 0.011, rad (23)

Hy = 0015'[ N rad (24)

HZ = 0 N rad. (25)
0.24 ‘
-0.25 ‘
0,26v.!
N 0.27J
0.28 ‘
-0.29 !

-0.31\_
0 e
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e -0.1
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~
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< Disturbance
v = = = Observer
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0 0.5 1 1.5 2 25 3 35 4 45 5
T T T T i 1 T |
1k
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<o Tt
- & Observer
L ~

L f L L L

L L L
Q 0.5 1 15 2 2.5 3 3.5 4 4.5 5
T

2 -
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:" P Disturbance
[y = = = Observer
[ 1 L
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=
1
1

: :
.5 3 3.5 4 4.5 5
time (s)

Q 0.5 2

Hinh 6. So sinh két qud quan sdt nhiéu
ciia bg diéu khién ABS-SMC va bg diéu khién BS

Disturbance - nhiéu logi tdc dong lén hé thcfng; Observer

- b¢ quan sat nhiéu logi.
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Hinh 4 mo6 ta quy dao chuyén dong cua thiét bi dau
cudi trong hé truc toa do Oxyz. Trong d6, quy dao nét
lién mau xanh 1a quy dao mong doi, con quy dao nét
dut mau cam 1a qui dao thyc té cua thiét bi dau cudi.
Do sai 1éch vé vi tri thuc té va vi tri tham khao (nhu
trong Hinh 4) khong vuot qua 0,0012m. Két qua nay
cho thiy bo diéu khién dé xuat c6 kha ning kiém soét
t6t dugc vi tri chuyén vi cia thiét bi dau cudi.

b. So sdnh bé diéu khién dé xuit (ABS-SMC) véi by
diéu khién trwot thong thwong-Basic Sliding
controller (BS)

Tir két qua md phong trong Hinh 5, bo didu khién
ABS-SMC thé hién mot két qua sai khac khong vuot qua
2,5mm giira vi tri mong doi va vi tri thuc té, trong khi do
két qua sai khac nay 1a 3,1mm ddi voi bo diéu khién BS.
Ngoai ra bd quan st ciia bo didu khién dé xuat ciing
dugc trinh bay trong muc sau day.

02 ! ' !
—_ 7~ il I i
é 0 " desired x
>< = = = ABS-SMC —-/
BS e
0.2 s ro—— 1 1 L
05 1 15 2 25 3 35 4 45 5
=
’E-Ow
=
>-0.2
03 . . . i f .
5 5
0.24 = 7 T T T T
=026
N -0.28[ [~ = = ABS-SMC \
BS
03 . . . . |
05 1 15 2 25 3 35 4 45 5
time (s)
(a) Vi tri ciia thiét bi dau cuoi
0.05 T
=
o004t ACia
g =<
~—0.03 =
< =
8 0.02 = desired theta x | -
o L ett8 = = = ABS-SMC
= 0.01F o BS
=
0 e il L L L L L 1 L
(i 05 1 1.5 2 25 3 35 4 45 5
0.08 T T 7
e desired theta y
T o0sf = = = ABS-SMC
B, = BS
g
jom F = e
£ 002 —— S
o ?™"
0 .-4"”.‘9 1 L L 1 1
0 05 1 1.5 2 25 3 35 4 45 5
time (s)

(b) Hwong ciia thiét bi diu cuoi
Hinh 5. So sdnh két qud ciia b diéu khién ABS-SMC
va by diéu khién trwot thong thuwong (BS)
Desired x, y, z, theta x, theta y tuwong vung la vi tri va goc
nghién tham khéo. ABS-SMC la ddp img ciia bg diéu
khién ABS-SMC. BS la dép ting ciia bg diéu khién BS.
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¢. Khi niing quan sdt nhiéu ciia by diéu khién dé
xudt ABS-SMC

Quan sat nhiéu ciing 1a mot trong nhiing dic diém
ciia bo diéu khién d¢ xuét. Trong nghién ctru nay
chiing t6i tao ra nhiéu loan c6 dang ham tuan hoan
(ham sin) dé tac dong vao hé thong.

Céc duong nét lien mau xanh (xem Hinh 6) 1a
nhidu tac dong vao hé thong. Bang viée sir dung bd
quan sat dugc dinh nghia trong cong thuc (3), bd
quan sat thiét 1ap va wdc lugng dugc nhing nhidu
loan véi gia tri tao nén duong nét manh mau cam
(nhu trong Hinh 6). Tir két qua nay, do sai khac giita
gia tri nhiu quan sat v4i gia tri nhidu dua ra ban dau
khoang 0,15N. Mic du khong thé thiét 1ap mot cach
chinh xé4c nhiéu tac dong Ién d6i twong diéu khién,
nhung bang viéc wéc lugng nhiéu tir bd quan sat
cling s& dam bao cho hé thdng tinh 6n dinh trong qué
trinh dwong dau v&i nhitng nhiu loai tir méi truong
bén ngoai.

5. Két luin va kién nghi

Trong bai bao nay, ching t6i da dé xuit mot mod
hinh toan hoc cho robot ddy song véi sau bac tu do.
Trong nd lyc kiém soat vi tri va hudng cua thiét bi dau
cudi, mot bo didu khién phi tuyén dwa nhimg 1y thuyét
ctia bo diéu khién truot dugc thiét ké cho robot. Ngoai
ranghién ctru cling dé xuét mot b quan sat nhiéu loan
dé dam bao tinh bén viing ciia hé théng diéu khién.
Két qua mo phong s cho thay bo diéu khién c6 thé
kiém soat duoc vi tri va hudng cta thiét bi dau cudi
voi sy sai khac khong vuot qua 2,5mm. Mot sy so
sanh két qua cua bo didu khién dé xuit véi bo diéu
khién BS ciing dugc dua ra.
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