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Tém tat

Trong nghién ctru nay, mot sw két hop gitra diéu khién ché do truot phan cap va diéu khién mo thich nghi cho
mét 1op cac hé thdng robot under - actuated mét dau vao nhiéu dau ra (SIMO) dwec dé xuét. Trong so db diéu
khién nay, bang cach st dung phwong phap diéu khién treot phan cap, mot luat diéu khién treot duoc tao ra
dé 1am cho moi hé théng con dn dinh cing mét lic. Tuy nhién, b diéu khién nay gay ra hién twong dao dong
quanh mat treot. Hon niva, cac tham sb chwa biét clia hé théng gay ra bdi tinh phi tuyén clia co cau chap hanh
va nhiéu bén ngoai. Do do, gidi phap duwoc dé nghi la két hop gilra bd diéu khién trwot phan cap véi quy tac diéu
khién m& thich nghi dé loai bé hién twong dao ddng va nhiéu loan bén ngoai. Cac tham sb chua biét ctia hé thdng
dwoc wéc lwong va suy luan bai hé thdng logic mé thich nghi dé xuat. T& thie nghiém cho thay bo diéu khién
ché do truot phan cip mo thich nghi co thé diéu khién tdt cho mét 1op cac hé théng kich thich yéu. Xe con lac
nguwoc 2D va ciu truc 2D 1a hai hé théng kich thich yéu dién hinh, dwgc st dung dé xac minh tinh kha thi clia
phuwong phap diéu khién dé xuét.

Tir khéa: Diéu khién thich nghi; diéu khién ché dé trurot; diéu khién mo; hé théng mot dau vao nhiéu dau ra; hé
théng under - actuated.

Abstract

In this study, a combination of hierarchical sliding mode control and adaptive fuzzy control for a class of single
input multiple output (SIMO) under-actuated robotic systems is proposed. In this control scheme, by using
hierarchical sliding control method, a sliding control law is generated to make every subsystem stable at the
same time. However, this controller causes oscillation around the sliding surface. Furthermore, the unknown
system parameters are caused by the nonlinearity of the actuator and the external noise. Therefore, the proposed
solution is to combine the hierarchical sliding controller with the adaptive fuzzy control rule to eliminate oscillations
and external disturbances. The unknown parameters of the system are estimated and inferred by the proposed
adaptive fuzzy logic system. The experimental results show that the adaptive fuzzy hierarchical sliding mode
controller can control well for a class of SIMO under-actuated system. 2D inverted pendulum cart and 2D crane
are two typical weak excitation systems, used to verify the feasibility of the proposed control method.

Keywords: Daptive control; sliding mode control; fuzzy logic; single input multiple output systems; under-actuated
systems.

1. DAT VAN DE khéng gian bay tw do, robot dwdi nwéce, robot di bo...
Dai khi, cac thuat toan diéu khién cho cac hé théng
kich thich yéu c6 thé dwoc sir dung dé khéi phuc lai
mét phan cac chirc nang clia hé théng bi héng. Bang
thuat toan diéu khién kich thich yéu thich hop dwoc
trinh bay trong [3-4], canh tay robot van cé thé cung
NEch‘ri phan bién: 1. PGS. TS. Tran Vé Quéc cap mot phé‘n chirc ndng. Do d96, viéc phat trién cac

2. GS. TSKH. Than Ngoc Hoan thuat toan diéu khién cho cac hé thdng kich thich yéu

Cac hé thdng kich thich yéu dwoc dac trung bdi thuc té
la chung co it bo truyén dong hon mirc d6 tw do dwoc
didu khién [1]. Co nhiéu hé théng kich thich yéu trong
cac ng dung thuc té nhw da dé cap trong [2], robot
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I% rat quan trong. Phuong trinh toan hoc cla chung
hudng bao gdbm cac thanh phan phi tuyén cao va cac

—

khop ndi, lam cho cac thiét ké diéu khién clia ching tré
nén kho khan [5].
.

rong nghién ctru nay, chung toi tap trung vao mot
&p cac hé théng SIMO kich thich yéu. Lép nay kha
@n, bao gdm céc hé théng con lac nguoc song song
hpac xoay, Pendubot, TORA... Cac hé théng nhw vay
thwong dwoc st dung dé nghién clu cac phwong
phap diéu khién khac nhau va la cong cu giang day
trong cac trwdng dai hoc trén thé gidi. Co rat nhiéu
phuong phap diéu khién duwoc dua ra, bao gém diéu
khién dwa trén nang luvong, diéu khién twa thu dong,
diéu khién lai, diéu khién théng minh... da dwoc dé
c%p trong céc tai liéu [6-10]. Hau hét cac bai bao déu
de xuét iuat diéu khién cho mét hé théng cu thé. Trong
thwc té, mét biéu thirc khong gian trang thai tdng quat
cd thé md td cho mot loat cac hé théng SIMO kich
thich yéu. Do d6 trong bai bao nay, tac gia da nghién
ctru, thiét ké mot luat diéu khién tdng quat cho loat cac
hé théng SIMO kich thich yéu.

Trong nhi*ng ndm gan day phwong phap diéu khién
trpot /SMC/ da dwoc str dung rong réi cho van dé thiét
ké diéu khién ctia hé thdng phi tuyén SIMO kich thich
ydu. SMC |a mét cach tiép can hiéu qua dbi véi van dé
dyy tri sw 6n dinh va hiéu suét thich hop ctia hé théng
diéu khién voi md hinh chinh xac [11-17]. Dac diém
cjt I6i clia phuong phap diéu khién trwot 1a kha nang
dam bao tinh bén virng va 6n dinh cho hé thdng diéu
khién tuy nhién mét kho khan chinh trong viéc thiét
ké bo diéu khién trwot 1a tAt ca cac thong sé gidi han
trén va giéi han dwdi clia cac cla cac thong sb khong
xac dinh phai dwgc xac dinh trwdce khi thiét ké bo diéu
khjén. Do d6 dbi v&i cac hé thong diéu khién cé nhiéu
thaLm sb khong xac dinh thi viéc thiét ké hé thdng diéu

khién trwot tré nén phirc tap. Dé giai quyét khé khan
nay, cac bd diéu khién théng minh trén co sé& cla logic
md dwoc dua ra [18-23). Cu thé hon, cac tac gia trong
[2% da dé xuat mot phwong phap diéu khién mo thich
nghi cho mét con lac ddo ngwoc cé banh xe. Twong
tw ’nhu vay, tac gia trong [19] da khai thac phép xap
xi logic m& dé giai quyét tham sé khong chéc chan
tro“Eg mot bd diéu khién tay may di dong kich thich
yéu. Trong pham vi clia hé thédng SIMO, céng trinh [21]
dé‘s(y dung luat mo tw thiét 1ap dé tinh toan ma tran
trong sé sau d6 dwoc st dung dé téi wu hoa ham trong
s6 trong mot bd diéu khién téi wu. Cac tac gia trong
[23] ciing da xem xét viéc thiét ké mot b diéu khién
backstepping mé& thich rng cho mét robot kich thich
yéu. Tuy nhién, trong tat cac bo diéu khién dwoc thiét
ké dua trén co s& cla logic mo, cac luat diéu khién
dwec xay dwng dwa trén kinh nghiém cutia ngwoi thiét
ké do do v&i nhirng kinh nghiém d6 nhiéu khi khong du
va kho dé xay dwng luat diéu khién phu hop.

LIEN NGANH DIEN - PIEN TU - TU DONG HOA

Dé khac phuc nhuoc diém trén, trong bai bao nay tac
gid nghién clru vé bd diéu khién ché do trwot phan
cap mo thich nghi AFHSMC cho mét loat cac hé théng
SIMO kich thich yéu. Bang viéc ké thira cac thuan loi
clia bd diéu khién truot phan cdp HSMC va bo diéu
khién logic m¢. Wu diém, cua bo diéu khién HSMC
do la kha nang bén virng va én dinh. Uu diém, cta bod
diéu khién logic m¢ la kha nang xap xi woc lwong cac
tham sé chua biét mét cach chinh xac, do dé khi ap
dung bé diéu khién nay vao diéu khién hé xe con lac
nguoc 2D va can truc 2D thi hiéu qua bam, do vot 16
da duoc cai thién.

2. SO PO DIEU KHIEN CHE PO TRUOT PHAN
CAP MO THICH NGHI
2.1. Thiét ké bo diéu khién

Xét mé hinh dién hinh ctia mét loai hé théng SIMO
under-actuated nhw sau:

X =X
x2=f1(X)+g1(X)u 1)
X, =X,

X, = LX)+ g,(X)u
Cac sai sb gira cac phan héi cua hé théng va cac
tham chiéu mong muén la:

X, — X X —X e

X3 =@, x;, =0 5]
Trong dé:
X, 1a vi tri mong muén.
Trong truong hop cua con lac ngwoc va cau truc. X,
la vi tri mong muén cua xe. ®,= 0la goc quay mong
mudn. Trong dé, cac dao ham cua sai sé co thé dwoc
suy ra tir (1) nhw sau:

él = ez
e:z = (X)) +g(Xu-3, (3)
63 = e4

é, = fL(X)+g,(X)u

i FLC
Xd
\ HSMC "
X, X2, Xs. ,‘(4‘

Vi

PLANT >

Hinh 1. So dé diéu khién ché dé truot phdn cdp mo
thich nghi, trong dé FLC va SMC lan luot la dai dién cho
bé diéu khién logic mé va bé diéu khién ché dé truot
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