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PIEU KHIEN TRUQT HE PHI TUYEN
DUNG MO HINH MO

Nguyén Hoang Diing"
ABSTRACT

The paper presents a sliding mode controller using Takagi-Sugeno fuzzy model. Robot
with one DOF (Degree of freedom) is used to examine the control algorithm. The method
can control the position of the robot arm tracking on desired set-point signal even
throught disturbance is added. Almost the real plants are often affected by many noisy
resources from the working environment. A normal feedback controller is difficult to
maintain the stability of the system. In contrast, sliding mode controller can effectively
direct both linear and nonlinear plants with adding noise. However the controller make
chattering phenomenon around sliding surface. Therefore a proposed solution will
combine the sliding mode controller with Takagi-Sugeno fuzzy model for decreasing the
above problem. And the fuzzy model is used to replace for sign function of sliding control
law. The practical results were tested with simulink software of Matlab. Basing on the
results, sliding mode controller using fuzzy model indefectibly controls the nonlinear
system.
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TOM TAT

Bai bdo dé cdp dén phwong phdp diéu khién truot sir dung mé hinh mo Takagi-Sugeno.
H¢ tay may mot bac tw do la doi twong dwoc dung dé kiém chirng giai thudt diéu khién.
Voi giai thudt nay, vi tri hé tay may duwoc diéu khién bam theo tin hi¢u dat mong muon
trong truong hop co nhiéu. Phan 1om cdc déi twgng trong thyc té khong tranh khoi anh
hiedng cia nhiéu tir méi truong xung quanh. Poi véi cac bo diéu khién hoi tlep thong
thwong kho c6 thé ddp img dwoc. Nguoc lai, bo diéu khién trieot c6 thé diéu khién tot doi
twong tuyén tinh va phi tuyén ké ca trieong hop c6 nhiéu. Tuy nhién bg diéu khién nay gdy
ra hién twong dao dong quanh mat truot. Do do, giai phap duwoc dé nghi la két hop giita
bé diéu khién trwot véi mé hinh mo T [akagi-Sugeno dé giam hién twong néu trén. Trong
dé, mé hinh mo dwoe diing dé thay thé ham sign trong ludt diéu khién trieot. Két qua dwoc
kiém chumg thong qua chwong trinh mo6 phong trén Matlab. Tir thuc nghiém cho thdy b
diéu khién truot mo cé thé diéu khién tot hé phi tuyen

Tir khéa: Piéu khién trugt, diéu khién hé c6 ciu tric thay déi, hé logoic mo, mé hinh
Takagi-Sugeno, hé phi tuyén

1 GIOI THIEU

H¢ tay may mot bac tu do dugc mo ta trong hinh 1. Moment u(t) tac dong 1én tryc
quay cua tay may dé giit cho né hop v&i phuwong thing ding mot goc
—zl2<6t)<xl2. Néu khong c6 lyc tac dung 1én truc quay, goc hop boi tay may

va phuong thang dung ludn 13 0°. Gia sir tay may chi gip vat ning m sau mot
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khoang thoi gian nhit dinh. Dya vao cong thire Euler-Lagrange, phuong trinh dong
hoc cua h¢ tay may mét béc ty do dugce xay dung trong (2.1). Phuong trinh nay
cho thiy, hé tay may 1a hé phi tuyen SISO (Single- Input single- -output) voi ngd vao
1a u(t) va ngd ra 1a 0(t). Vén dé dit ra 13 lam sa0 thiét ké duoc luat dleu khién truot
u(t) dé cho 0(t) bam theo tin hiéu dat mong mudn r(t). Cac thong sb ctia ddi tuong
dugc cho trong bang 1.

Duong Hoai Nghia, 2007 d& dua ra phuong phap diéu khién truot co ban cho hé
phi tuyen Phuong phéap nay c6 thé diéu khién tot d6i tuong trong truong hop co
nhidu can thiép. Tuy nhién, khi hé théng hoat déng gan mit truot s& giy ra hién
tuong dao dong (chattering). (Jinzhu Peng et al., 2006) sir dung mang noron; (N.
Manamanni et al., 2003), (H. F. Ho et al., 2001) va (Lé Thi Kim Loan, 2005) st
dung mo hinh mo dé giam thiéu hién twong dao dong nay. (F. Qiao et al., 2003)
két hop luat diéu khién can bang (equalvalent law) va luat diéu khién chuyén doi
(switching law) dé thiét ké luat dicu khién truot. Luat diéu khién chuyén doi dua
hé thong tién vé mat truot. Sau d6 luat diéu khién can bang gitr cho hé thong duy
tri trén mat truot. Bai bao nay dya trén (F. Qiao et al., 2003) dé xay dung luat diéu
khién trugt va két hop voi mé hinh mo Takagi-Sugeno nham giam hién tugng dao
dong quanh mat trugt.

2 PAC TINH PONG HQC CUA HE TAY MAY MOT BAC TU DO

Hinh 1: M6 hinh tay may mét bic tw do (Huynh Thai Hoang, 2006)

Phuong trinh dong hoc caa hé tay may mét bac tu do duoc thiét ké nhu (2.1).
(3 +mI? ) + BO(t) + (ml + M1, )gsin(O(t)) = u(t) (2.1)
Dat x, =6(t) va x, = 6(t)
Phuong trinh (2.1) ¢ thé biéu dién dudi dang phwong trinh trang thai:

X, =X,
u—Bx, —(ml +MI_ )gsin(x,) (2.2)

J +ml?

Va ngo ra y=0(t)=x1.

2 =

47



Tap chi Khoa hoc 2010:15b 46-55 Truong Pai hoc Can Tho

Bang 1: Cac thong sé dong hoc ciia hé tay may

Ky Y nghia Giatri Ponvi
hiéu

J Moment quan tinh cua canh tay 0.05 Kg.m?
M Khéi lugng cua canh tay 1 Kg

m Khéi lugng vat nang 0.1 Kg

| Chiéu dai canh tay 04 m

Ic Khoang cach tir trong tdm canh tay dén truc 0.15 m

quay

B Hé s6 ma sat nhét 0.2 Kg.m?/s
g Gia toc trong truong 9.81 m/s?

3 THIET KE BQ PIEU KHIEN TRUQT MO

3.1 Thiét ké diéu khién trugt bam o
Do (2.2) 1a h¢ bac 2 nén ham truot dugc thiét ké nhu (3.1).

S=¢+ 1e (3.1)
T
Trong do: e=y-r (3.2)

Véi r 1a tin hiéu mong mudn va y 1a tin hiéu ngd ra.
Khi ham trugt s=0, nghiém cta phuong trinh (3.1) ¢6 dang e = exp(— —j Do do
T

khi t 500, e 0. V61 1 dugc xem la thoi héng cua ham truot. T cang 16n, h¢
thong cang cham tién v€ mat trugt va nguoc lai.
Thay (3.2) vao (3.1), ham trugt dugc viét lai:

s:xz—r'+%(x1—r) (3.3)

Theo 1y thuyét 6n dinh Lyapunov, chon mdt ham xac dinh duong V = %52 (3.4)

T (3.4)suyra V =s.$

Dé V xéc dinh am, chon $ =—k.sign(s) . Thay $ =—k.sign(s) vao V s& cho ham:
V =—sk.sign(s), v6i k 1a hang s6 duong chon trude.

Nhan xét: néu >0 thi V <0. Néu s<0 thi V <0. Néu s=0 thi V =0.

T nhan xét trén cho théy, hé théng s& On dinh theo tiéu chuan Lyapunov.

Tir (2.2), (3.3) luat diéu khién truot u duoc thiét ké nhu (3.5).

U = B.x, + (ml +MI,)gsin(x) + (J + m|2{r +Lirox)- k.sign(s)} (3.5)
T

Vi ham sign thay d6i mot cach dot ngot tai thoi diém giao hoan (xem Hinh 2) nén
rat d& giy ra hién tuong dao dong hoac do lgi diéu khién rat 16n. Trong bai béo
nay, giai phap dugc dé nghi la thay ham sign bang ham tanh (Duy Ky Nguyen,
1998). Ham tanh c6 do dbc tron hon va tranh dugc d6 loi diéu khién tién dén vo
cung. Do d6 $ =—k.sign(s) dugc thay bang $ = —k.tanh(s)
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Tanh Sign
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Hinh 2: Ham Tanh va ham sign

Projection of the phase trajectory on the plane (6,d6/dt)
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Hinh 3: Quy dao pha cia hé tay may
Hinh 3 mé ta quy dao pha ciia hé tay mdy dung bd diéu khién trugt. Quy dao
bat dau tai toa d9 (30,0). Sau mot khoang thoi gian nhat dinh, quy dao pha quay
vé goc toa d6. Piéu nay chimg to b diéu khién truot dd dua bién trang thai tién vé
diém can bang (0,0).

3.2 Thiét ké bd diéu khién truot dwa vao mé hinh mé Takagi-Sugeno
Cho hé phi tuyén dugc viét duéi dang tong quat nhu (3.6)
X(t) = £ (x(©)+ g(x(®u(®) (3.6)
y()=x(t) | (3.7)
Trong d6  x(t)=[x1(t) X2(t)]" la bién trang thai

u(t) 1a tin hi¢u ngd vao

y(t) 1a tin hi¢u ngo ra

f(x(t)) va g(x(t)) 1 hai ham phi tuyén
Muc ti€u cua bai toan la thlet ké tin hiéu u(t) dé dleu khién ddi trong c6 ngd ra
bam theo tin hiéu mong mudn cho trudc r(t) véi sai s6 bé nhit hoic dao dong lan
can zero.
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Duya trén (F. Qiao et al., 2003), luat diéu khién duoc thiét lap:
U(t) = Ueq(t) + Us(t) . i . i ) (38)
Trong do:  ueq(t) 1a luat diéu khién can bang duoc dung dé duy tri h¢ thong trén
mit truot.

Us(t) 13 luat diéu khién chuyén d6i duoc ding dé dua hé thong quay
vé mit truot.
VGi Ueq(t) VA Us(t) duge thiét ké 1an Iuot nhu (3.9) va (3.10)

U (t) = %[— F(x(t).t) + F(t) - e] (3.9)

U ®) = [ﬁFX(t)t )+1)+ (8- Dfu )] (3.10)

Trong do. f(x(t),t) 1a ham u6c lwong cua f(x(t),t)
F(x(t),t) 1a ham giéi han 16i u6c lugng cua f(x(t),t)
A 12 hang s duong
§=+/0,.0, 12 d0 loi udc lugng diéu khién

A= |9 1ado loi bien
0
Jo, 01 14 cac hang s6 duong duoc chon thoa 0< g, < g(x(t),t)< g,
s$.sign(s) <—n duogc goi la diéu kién tiép can mat truot (voi n la hﬁng
s6 duong). ‘ 9
Dua trén (F. Qiao et al., 2003), luat dicu khién truot mo dugc dinh nghia nhu
(3.11).

~ [u(t), khis(t) <0
1) _{u*(t), khi s(t) >0 (3.11)

Trongd6:  u () =u, (1) + g B(F(x(t) )+ 1)+ (B ~L)u, (1)

eq

u+(t):ueq(t)—g[ﬂ(F(x(t),t)+n)+( -

Duya vao mé hinh m¢ Takagi-Sugeno, luat diéu khién duoc thiét 1ap nhu sau:
R Néus(t) [a am, ul(t)=u(t)

R2: Néu s(t) 1a duong, u?(t)=u*(t)

Luat diéu khién u(t) duoc giai mo bang phuong phép trong tim.

> w(s()u'(t)
u(t) ==

, (voi n 12 s6 luat mo) (3.12)

n

2 wi(s(®))

Trong d6 w(s(t))= H A, (s(t)), voi Ajj(s(t)) 1a ham lién thudc cua s(t) trong tdp md
j=1

Ajj va wi(s(t)) 1a ham trong sb.

Trong bai bao nay, 5 tdp mo dugc chon d€ mo héa ham trugt s(t) (xem hinh 4). S6
tap mo dugc chon theo kinh nghiém va thir sai. Cac bién mo dugc dinh nghia nhu
sau:

50



Tap chi Khoa hoc 2010:15b 46-55 Truong Pai hoc Can Tho

LN: Large Negative (dm 16n); SN: Small Negative (am nho); ZE: Zero (khong);
SP: Small Positive (dwong nho); BP: Big Positive (duong 16n).

L SN ZE SP BP
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Hinh 4: Tap mo ciia mét trwgt

o
)

0

Ban dau tay may chua gap vat nang. Tai thoi diém t=130s, tay may gip mot vt
nang c6 khoi lugng 0.1kg (xem hinh 6).

Respone of plant tracking reference signal
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Hinh 5: Vi tri cAnh tay may bam theo tin hiéu tham chiéu va luét diéu khién
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Sliding surface
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Hinh 6: Mit truwot va khoi lwgng ciia vt ning
Respone of plant tracking reference signal
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Hinh 7: Vi tri canh tay may bam theo tin hiéu tham chiéu véi bd diéu khién trwgt mo trong
trudng hgp cé nhiéu véi mean la zero va phwong sai 0.01
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Sliding surface
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Hinh 8: Mit truwot va khéi lwong vat ning trong trudong

hop c6 nhiéu véi mean 1a zero va phuwong sai 12 0.01

Projection of the phase trajectory on the plane (6,d6/dt)
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Hinh 9: Quy dao pha ciia hé tay may trong truomg hop 6 nhiéu
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Hinh 10: Tin hiéu sai s6 trong b diéu khién trugt mo

Hinh 5 1a két qua mo phong sir dung bo diéu khién trugt voi ham sign(s) dugc
thay bang ham tanh(s). V&i cach lam nay, mat truot tién vé zero; dap tmg cua dbi
tugng bam theo tin hiéu mong mudn, khong cé vot 16 va triét tiéu duoc sai sd xac
lap.

Hinh 7 m6 ta két qua mo phong dung bd dicu khién truot mo trong truong hop
khong c6 nhidu. M6 hinh Takagi-Sugeno duoc dung dé thay thé ham sign(s) trong
b6 diéu khién trugt. Két qua cho théy, mat truot xac 1ap tai lan can zero va bién do
dao dong khéng dang ké; dap tmg cta bo diéu khién trugt mo khong cé hién
tuong dao dong. Tom lai, dap tng cua bo diéu khién truot va bo diéu khién truot
mo la tuong duong.

Hinh 8 1a két qua md phong str dung b diéu khién trugt mo trong trudng hop ¢6
nhidu ngiu nhién can thiép vao (voi trung binh bang zero va phuong sai 1a 0.01).
Két ‘qua thue nghiém cho thay, dap mg cua dbi tuong van bam theo tin hiéu mong
mudn, khoéng c6 vot 16 va sai sb xéac lap bang zero ké ca khi hé thong c6 nhiéu va
thong s6 mo hinh thay 601 (xem hinh 10).

Khi c6 nhidu va théng s mé hinh thay d6i, quy dao pha cua hé théng co dang
hinh 9. Két _qua nay cho thdy rang bo diéu khién trugt mo di dua dugc cac bién
trang thai vé diém can bang tai gbc toa do.

4 KET LUAN

Bo diéu khién truot mo dd ching to duoc tinh 6n dinh ngay ca khi hé théng c6
nhiéu va thong s cia mo hinh thay doi.

Bang cach st dung m6 hinh mo Takagi-Sugeno thay thé ham sign(s) trong bo
diéu khién truot da tao ra dugc bo diéu khién trugt mo. Trong d6 b dleu khlen
duoc chia ra hai thanh phan. b6 diéu khién chuyen ddi dé dua hé thong tién vé mat
trugt va bo didu khién can bang dé duy tri hé thong trén mit trugt. Bo diéu khién
nay di diéu khién tot dbi twong phi tuyén. Pap tng cua dbi tuong bam theo tin
hi€u mong muén, khong c6 hién tuong dao dong, khong co vot 16 va triét tiéu duoc
sai sO xéc 1ap.
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