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In this paper, an adaptive radial basis function neural network
(RBFNN) is proposed to deal with chattering reduction problem in
sliding mode control for the two tanks interacting system. The
RBFNN is used to approximate the function in the sliding mode
control. The signum function in the sliding mode control is replaced
by tanh function to test the performance of the chattering reduction
problem. The stability of the proposed algorithm is proved by the
Lyapunov theory. To show the suitability of the proposed algorithm,
the simulation results in MATLAB/Simulink of this method are
compared to the fuzzy control, sliding mode control with conditional
integrals, fuzzy PID control and the conventional PID control. The
comparison results show that the proposed controller is more effective
with the rise time is 0.1271 (s), the percent overshoot is 0 (%), the
steady state error converges to zero, the settling time is 0.2464 (s) and
the chattering is eliminated.
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Trong bai bao nay, diéu khién thich nghi sir dung mang no-ron RBF
(radial basis neural network) duoc d& xuét cing véi bai toan giam
chattering trong diéu khién truot hé thong bon d6i twong tic. Mang
no-ron RBF duoc st dung dé xap xi ham trong luat diéu khién truot.
Ham signum trong luat diéu khién truot dwoc thay thé boi ham tanh
dé kiém ching hiéu qua cua bai toan giam chattering. Tinh 6n dinh
cua giai thuat dé xuét dugc chang minh bang ly thuyét Lyapunov. Dé
chang minh hiéu qua cua phuwong phép dé xuat, cac két qua mo
phong véi MATLAB/Simulink cta phuong phap nay dwoc so sanh
v6i didu khién mo, didu khién truot véi diéu kién tich phan, diéu
khién PID mo va diéu khién vi tich phan ty 1& (PID) truyén thdng.
Céc két qua so sanh cho thdy rang, bo didu khién dé xuat hiéu qua
hon véi thoi gian tang 13 0,1271 (s), khong ¢6 vot 16, triét tiéu sai s6
xac 1ap, thoi gian xéc 1ap 1a 0,2464 (s) va khong xay ra hién tuong
chattering.
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1. Giéi thiéu

biéu khién truot (SMC) la mot trong nhiing k§ thuat diéu khién bén viing, bat bién voi sy
thay doi cua cac tham sé6 mo hinh va nhidu [1]-[6]. Su 6n dinh cua SMC c6 thé dugce dam bao
bang cach tao ra cac diéu kién on dinh. Ngoai ra, hiéu qua dong hoc mong mudn c6 thé dat duoc
béng cach lya chon va thiét ké mat truot thich hop [1]. Tuy nhién, ddi véi bién do cua luat diéu
khién trugt néu khong duoc lya chon phi hop s& gay ra hién tuong chattering [1], [7], [8]. Hién
tuong chattering do sy khong hoan hao va cham tré thoi gian trong chuyen mach, do thiét bi
truyén dong hang s thai gian nho, cac mach cong suat d& bi qué nhiét dan dén hu hong [8].

Mang no-ron RBF la mét kiéu ciia mang truyén thang nhiéu Iop va cé 3 16p: 16p vao, 16p an
va 1op ra [9]. Mang nay mang lai hiéu qua xap xi t6t va c6 kha niang téi wu toan cuc [4], [5], cau
triic don gian va kha nang hoc nhanh [5], [6], [10]. C4c ndt ngudn c6 trong 1op dau vao thiét lap
ket ndi giita mang va moi truong. Trong 16p an, mot tap hop cua cac ham kich hoat dugc cung
cap thong qua cac don vi an. Cac don vi nay la cac nit an [10]. Cac no-ron & l6p an duoc kich
hoat bang ham co s& xuyén tam, mdi nit an chira vector tm ¢ cling thir nguyén véi vector ngd

vao x, khoang céch Euclidean giira tim va vector ngd vao x duoc dinh nghia bgi Hx(t)—cj (t)H

[9].

Hé thdng bon doi tuong tac dugc (ng dung phd bién trong nganh cong nghiép dau khi, hoa
chat, duoc pham va ché bién thuc phdm [11], xtr Iy nudce thai, hé théng loc nude, nha may dién
hat nhan va thiét bi phan phdi, b sung chat long tu dong [12]. Cac nha nghién ctru da dé xuat cac
phuong phap diéu khién hé thong nay nhu bo didu khién PID va logic mo da duoc thiét ké trong
nghién ctru [11], trong [12], [13] da thiét ké bo diéu khién truot sir dung diéu kién tich phan, diéu
khién truot trong [14], trong [15] d4 so sanh bo diéu khién PID vai diéu khién truot va diéu khién
truot bac hai dugc thuc hién trong [16], [17].

Trong bai béo nay, bo diéu khién trugt véi ham tanh s& duoc thiét ké d¢é dam bao muc chat
long thyc té caa hé thdng bon doi twong tac hoi tu vé muc chit 1ong mong mudn trong thoi gian
hitu han va loai bo hién tuong chattering quanh mat truot. Mang no-ron RBF duoc sir dung dé
xap xi ham f(x) trong luat diéu khién trugt duoc tinh toan dya trén ly thuyét 6n dinh Lyapunov va
xac dinh luat thich nghi. Céc trong sb cua mang RBF duoc cap nhat truc tuyén dua trén cac tin
hiéu hoi tiép & ngd ra. Bé chitng minh hiéu qua ciia phuong phap dé xuat, cac két qua mod phong
véi MATLAB/Simulink ciia phuong phap nay dugc so sanh véi diéu khién mo, diéu khién truot
v6i diéu Kién tich phan, diéu khién PID mo va diéu khién PID truyén thdng.

Bai bao duoc té chirc gom 5 phan: phan ké tiép trinh bay mé hinh toan hoc cua hé théng bdn
d6i twong tac, bo diéu khién truot thich nghi sir dung mang no-ron RBF dugc trinh bay ¢ phan 3,
phan 4 trinh bay cac két qua mod phong va danh gia, két luan 1a phan 5.

2. M6 hinh toan hec ciia hé théng bén ddi twong tac

M® hinh hé théng bon doi twong tac duoc trinh bay nhu Hinh 1 [11]. Chiéu cao cua muc chét

Iong la hy (cm) trong bon 1 va hz (cm) trong bon 2. Luu luong thé tich vao bon 1 1a gin (cm3/m|n)

tdc do thé tich dong chay tir bon 1 1a qs (cm3/m|n) va téc do thé tich dong chay tir bon 2 1a go
(cm¥min). Dién tich cua bon 1 1a A; (cm?) va bdn 2 1a Az (cm?).

R

n

4q.

h h,

VI H=

o]

4 4
Bon 1 . . Bon2
Hinh 1. Mé hinh hé thong bon déi tuong tdac [11]
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Ham truyén dat ctia hé théng bon doi twong tac nhu (1) [11]:
_h(s) _ R,
G(s)= =— )
G, (s) TTs*+(T,+T,+AR,)s+1
Vi hang sé thoi gian caa bon 114 T, = AR, va hang sb thoi gian ciabon 2 1a T, = AR,
bat: a=R,;;b=TT,;c=T,+T,+AR,
Dit cac bién trang thai nhu (2) va (3):

X (t)=h,(t) @
X, (1) =% (t)=h,(t) (3)
L4y dao ham 2 vé (3), ta duoc (4):
() =Fi (1) =L _c a
Xz(t)_hz(t)_ bxl(t) bxz(t)+bQin(t) (4)
Hay: Xz(t):—f(x)+%qm () ©)

Véi f(x):%xl(t)+%x2(t)
Ta dugc khong gian trang thai cua hé théng bdn doi twong tac nhu (6):
. 0 1] 0
% (t) ] % (t)
% (t) - _l _E X (t) + E qln(t)
? b bl-* b
t

h, (t)=[1 o]&((t))_mqm(t)

3. Thiét ké b diéu khién trwgt thich nghi sir dung mang no-ron RBF

So d6 ciu tric bo didu khién truot thich nghi sir dung mang no-ron RBF (ASMCRBF) duoc
trinh bay nhu Hinh 2.

Mang no-
ron RBF
hoa(t e(t R R R
1) O pigukhién |*@| Béndoi hal?)
+ trurot firong tac

Hinh 2. So' d6 cdu trdc bg diéu khién ASMCRBF
Bo diéu khién truot duoc thiét ké dé diéu khien bdm muyc chat léng cua hé thong bon doi
tuong tac va loai bo hién tuong Chattering guanh mat truot. Mang no-ron RBF duoc st dung dé
xap xi ham f(x) trong luat diéu khién trugt dugc tinh todn dya trén ly thuyét 6n dinh Lyapunov va
xac dinh luat thich nghi.
3.1. Thiét ké bg diéu khién truot

Mat truot dugc dinh nghia nhu (7) [7], [9]:

S(t)=¢(t)+2e(t) @)
Sai 56 bam va dao ham caa no nhu (8), (9) va (10):
e(t) =hyq (t)=h, (t) =y (t) = (1) ®)
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60 (01 (050 0
§(t) =, (1) —hy (t) =hy, (1) =%, (1) (10)
Trong do: h,, (t) 1a muc chat long tham chiéu, h, (t) 1a muc chét long thuc té.
Dao ham 2 vé caa (7) ta duoc (11):

S(t)=6&(t)+A8(t)=A6(t)+h,, (t)—%,(t) (11)
Thé (5) vao (11), ta duoc (12):
S(1) =26(t) + iy (1) + 1 ()~ 0, (1) (12)
Luat tiép can téc do hang nhu (13):
0., (t) =%nsign(s(t)) (13)
Lac nay, luat diéu khién trugt nhu (14):
Uy (t)=§[/1é(t)+ fiy, (8)+ f (x)]+§ns.gn(s(t)) (14)

Ham tanh duoc sir dung dé thay thé ham signum trong (14) dé kiém chang higu qua giam
chattering. Do d9, luat dicu khién truot hé thong bon doi tuong tac voi ham tanh nhu (15):
br,. - b
Ugye (1) =g[/1e(t)+ Ay (1) + f (x)]+gntanh(8(t)) (15)
Luat diéu khién (15) dam bao muc chét Iéng thyuc té cua hé théng hoi tu vé muc chat long
mong muon trong thoi gian hitu han va loai bo hién tuong chattering.

3.2. Thiét ké bg diéu khién truet thich nghi s dung mang no-ron RBF
3.2.1. Xap xi ham f(x) si dung mang no-ron RBF

Mang no-ron RBF thuong duoc sir dung dé xap xi ham chua biét. Trong phan nay, nghién ciu
sé str dung mang RBF dé xap xi f(x) trong luat diéu khién (14). Thuat toan cia mang no-ron RBF
nhu (16) va (17) [7], [9]:

h. =exp ”X 5 ” (16)
! 2b?
f =WTh(x)+e (17)

Trong d6: x la tin hiéu ngd vao cua mang no-ron RBF, i la s6 ngd vao caa mang, j 1a s6 no-
ron I6p 4n cta mang, h=[h1,h2,---,hn]T la ngd ra cua ham Gaussian, W* 1a gi4 tri trong sé Iy
tuong ciia mang, ¢ 14 sai s6 xap xi ciamangva e <eg, .

So d6 cau triic mang no-ron RBF dé xap xi f(x) dugc trinh bay nhu Hinh 3.

f(x)

Hinh 3. Cdu triic mang no-ron RBF
Trong do:
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x=[¢ x]ih=[n h n h hJb=[n b b b ]

C C C
c= |:C11 12 C13 14 15 j| ’ W — [Vvl WZ W3 W4 W5 ]T
C21 CZZ C23 C24 C25
Ng0 ra cia mang no-ron RBF dugc cho boi (18): f(x) =WTh(x) (18)
3.2.2. Thiét ké bg diéu khién truot thich nghi su dung mang no-ron RBF

Sau khi ham f(x) duoc xap xi bang mang no-ron RBF, b diéu khién truot thich nghi sir dung
mang no-ron RBF (ASMCRBF) duoc thiét ké nhu (19):

br,. .\ & - b .
Unsmeror (1) =g[/1e(t) i (1) + (%) +—sign(s (1)) (19)
Vi ham tanh, (19) tré thanh (20):
br,. .\ & . b
Unsueror (1) =g[/1e(t) i (1) + (%) +—tanh (s (t)) (20)
Pé chirng minh 6n dinh, ham Lyapunov dugc dinh nghia nhu (21): V = %Sz + ZLW W (21)
4
Trong d6: >0, W =W —-W~
Vi f(x)=f(x)=WTh(x)+e-WTh(x)=-WTh(x)+e&
Nen V =8+ 20 "W = S(ﬂé(t)+ﬁw 0+ 1()-2a, (t)]+1vx7TvO 22)
4 4
Lac nay:
V =S8 + 20TV =5 (x) - F (x)-nsign(s)) + =W W
4 4 23)
= S(—V\7Th(x)+g—nsign(S))+lV\7TV\7 =S —n[S|+W' [EW - Sh(x)}
4 4
Suy ra lut thich nghi nhu (24): W = ySh(x) (24)

Néu ta chon 77>|<9|max thi V = ¢S —77|S| <0

T cac phan tich trén, ta thay rang sai s6 xap xi RBF c6 thé bi vuot qua boi gisi han
nsign(S).

Khi V =0,tacéd S=0, hé kin s& 6n dinh tiém can theo nguyén tic LaSalle, S —0khi t >0
va dg hdi tu c6 lién quan den 7

ViV >0,V <0, V bi gisi han khi t — oo, vi thé W ciing gi6i han.
4. Két qua md phong va danh gia

So d6 mé phong bo didu khién ASMCRBF véi MATLAB/Simulink cho hé théng bon doi
tuong tac duoc trinh bay nhu Hinh 4.

he..
Eﬂmyf O Eﬁ ASMC_RBF —>Two_Tanks—>|j

Input

Hinh 4. So' @6 md phong bg diéu khién ASMCRBF
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Bang 1 trinh bay cac thdng s6 cua hé thdng bon doi tuong tac, cac thong sb caa bo diéu khién
ASMCRBEF dugc trinh bay trong Bang 2.
Bang 1. Cac thdng sé cia hé thang bon déi twong tac

Thong sb A A, R, R,
Giatri 0,0145 0,0145 1478,57 642,86
Pon vi m? m? sec/m? sec/m?
Bang 2. Cac thdng sé cua bg dieu khién ASMCRBF
Thong sé Y nghia Gia tri
b Ngudng cua mang RBF 0,5
. TAm o RBE -1 -05 0 05 1
am cua mang 1 050 05 1
A 15
Y 5000
n 30

Két qua dap tng va sai s6 cua bo diéu khién ASMCRBF véi ngd vao hinh since dugc trinh
bay ¢ Hinh 5. Quan sét két qua trén Hinh 5 ta thiy rang, muc chit long thyuc té cua hé théng bdn
d6i tuong tac hoi tu vé muc chat long mong mudn (hza = 0,055m) véi sai s6 xac lap tién vé 0.
Hinh 6 trinh bay két qua f.(x) xap xi ham f(x) sir dung mang no-ron RBF véi sai s6 xap xi hoi tu
vé 0. Két qua nay di chirng minh hiéu qua cia mang no-ron RBF duoc sir dung dé xip xi ham
f(x) trong nghién ctru nay.

Hinh 7 trinh bay dap &ng nic va sai s cua b diéu khién ASMCRBF cho hé théng bon doi
tuong tac. Myc chét long thyc té cua hé thong hoi tu vé myc chat Iéng mong mudn véi thoi gian
tang la 0,1271 (s), thoi gian xac 1ap 1a 0,2464 (s), triét tiéu duoc sai so xac lap va do vot 15. Cac
chi tiéu chat luong cua bo diéu khién ASMCRBF dugc trinh bay trong Bang 3 va duoc so sanh
v6i diéu khién mo, diéu khién truot véi didu kién tich phéan, diéu khién PID mo va diéu khién
PID truyén thong Két qua trinh bay ¢ Bang 3 cho thdy hiéu qua cua bo diéu khién ASMCRBF
t6t hon bo didu khién ma, diéu khién truot voi diéu kién tich phén, diéu khién PID mo va bo diéu
khién PID truyén théng. Hinh 8 trinh bay tin hiéu diéu khién cia ASMCRBF véi ham signum va
ham tanh twong Gng. Tin hiéu diéu khién duoc trinh bay & Hinh 8 cho thiy hiéu qua cia ham
tanh trong viéc loai bo hién twong chattering quanh mat truot.

Dap ung since cua ASMCRBF Ket qua xap xi cua f
T T T T T T 0.1 T T T T T

0.08

0.06

Bien do (m)

0.04

h2d

, |== =h-ASMCRBF

. . I I . . 0.02
0 1 2 3 4 5 6 7 8 9 10

8
s 0

4 %1074 Sai so dap ung since cua ASMCRBF i%
r r ‘ : ‘ ‘ - r 002
£ 2 -0.04
‘E 0 -0.06

.r“ﬁ
2 1 -0.08
4o 1 2 3 4 5 6 7 8 9 10 01
Thoi gian (s) Thoi gian (s)
Hinh 5. Pdp 1ing since va sai s6 cua bg diéu khién Hinh 6. Két qua xdp xi ham f(x) sz dung mang
ASMCRBF no-ron RBF
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Dap ung nac cua ASMCRBF Tin hieu dieu khien ham nac cua ASMCRBF voi sign
0.06 T T T T T T T T 40 T T T T T T T T T
P
-
—_ ’ ~ 20
E004F 2 1 E
3 ! S 0
5 000l 1 5
=002r 1 b =1
@ ’ o 20
, —_—h2d
= = =h-ASMCRBF
0 . L | . | | L 40 . L . . . | . . .
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
Sai so dap ung nac cua ASMCRBF 2 Tin hieu dieu khien ham nac cua ASMCRBF voi tanh
0.06 T T T T T T T T T T T T T T T T
15 b
o4 1 £
° o 10 T
© °
c 0.02 B c
.2 2 5 b
o o
of or
| 1 1 | I | 1 1 L . 1 I . . L L | 1
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Thoi gian (s) Thoi gian (s)

Hinh 7. Pdp 1ing ndc va sai sé cia bg dieu khien  Hinh 8. Tin hiéu diéu khién ciia ASMCRBF véi ham
ASMCRBF signum va ham tan

Bang 3. CAc chi tiéu chdt hiwong cua b diéu khién ASMCRBF

A aix .z ASMCRB  PDiéu khién  Diéu khién Piéu khién Piéu khién trwot véi
B¢ dieu khien y

F mo [11] trwot [15] PID mo [18]  diéu kién tich phan [12]
Thoi gian tang (s) 0,1271 33 - 1,5 87,184
Do Vot 16 (%) 0 1,45 0 0 1,6
Sai s6 xac lap 0 - - 0 -
Thoi gian xac 0,2464 472 76 3.1 330

ap (s)

Két qua dap ng va sai s6 cia bo diéu khién ASMCRBF v&i ngd vao xung vudng dugc trinh
bay & Hinh 9. Quan st két qua trén Hinh 9 ta thay rang, myc chat long thyc té cua hé thong bon
doi tuong tac hoi tu vé muc chét long mong mudn trong thoi gian hiru han vei sai sb x&c lap tién
vé 0. Hinh 10 trinh bay két qua dap ung voi ham nic va xung vudng cua b diéu khién
ASMCRBF trong truong hop nhidu tring tac dong ¢ ngd ra cua hé thong. Két qua nay da chimng
minh tinh bén virng cua bo diéu khién d& xuét trong diéu khién hé thdng bdn déi twong tac.

Dap ung xung vuong cua ASMCRBF Dap ung nac cua ASMCRBF voi nhleu
T T
T T T T e [ O | ]
_ —~ i v Wl i 1
E E i .
0.04 1
3 8 }
§ 005} . 15 [
o m 0.02 # f
—_—h2d
— — —h-ASMCRBF
0 | L L . . 0 1 . I I . L .
0 2 4 6 8 10 12 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Sai so dap ung xung vuong cua ASMCRBF Dap ung xung vuong cua ASMCRBF voi nhieu
0.05 T ; ; T I ! \ h2d
L \ A — — —h-ASMCRBF
E o E
S S
c [=4
[}
& -0.05 4 &

0.1 - : : : :
0 2 4 6 8 10 12
Thoi gian (s) Thoi gian (s)
Hinh 9. Pdp 1ng xung vudng va sai so ciia b diéu  Hinh 10. Ddp iing véi ham ndc va xung vudng ciia
khien ASMCRBF bé diéu khién ASMCRBF trong truong hop nhieu

trdng tdc dong ¢ ngd ra
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Qua céc két qua duoc trinh bay tir Hinh 5 dén Hinh 10 cho thiy b diéu khién ASMCRBF dugc
lya chon trong nghién ctru da dieu khién bam tot muc chat long cua hé thong bon déi trong tac, loai
bo hién twgng chattering quanh mat trurgt va bén viing vai su tac dong caa nhiéu ¢ ngo ra.

5. Két luan

Nghién ctru nay di thiét ké bo didu khién truot thich nghi sir dung mang no-ron RBF dé diéu
khién bam muc chat long hé thng bon déi twong tac. Mang no-ron RBF dugc str dung dé xap xi
ham f(x) trong luat diéu khién trugt dugc tinh toan dya trén ly thuyét 6n dinh Lyapunov va xac
dinh luat thich nghi. Cac trong sb cua mang RBF duoc cap nhat truc tuyén duya trén céc tin hiéu
hoi tiép & ngd ra. Ham signum duoc thay thé bai ham tanh da loai bo hién tugng chattering quanh
mat truot. Cac két qua mo phong véi MATLAB/Simulink cua phuong phap dé xuét duoc so sanh
véi diéu khién mo, diéu khién truot véi didu kién tich phéan, diéu khién PID md va diéu khién
PID truyén théng. Tinh bén viing ciia phuong phap nay ciing duoc kiém ching voi nhidu tac
dong & ngd ra. Cac két qua dat dugc chang minh bo diéu khién ASMCRBF hiéu qua va pha hop
diéu khién hé thong bon déi tuong tac.
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