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An adaptive sliding mode radial basis function neural network
(RBFNN) control based on exponential reaching law for a mass
spring damper system is investigated in this study. The mass spring
damper system is widely used in different areas of engineering field
applications, especially in automation and mechatronics applications.
The sliding mode control based on exponential reaching law is
designed to ensure the actual position of the system follows the
reference position and reduce chattering. The radial function basis
neural networks are trained and used to approximate the f(x) function
in the sliding mode control law. In addition, the parameters of the
radial function basis neural networks are updated during the operation
by using the Gradient Descent algorithm. By choosing a proper
Lyapunov function, the stability of the controller can be proven and
the adaptive law can be derived easily. Simulation results in
MATLAB/Simulink show that the proposed algorithm is effective
without steady-state error, the overshoot is 0 (%), the settling time is
about 0.3168 (s) and the rising time achieves 0.1804 (s).
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TU KHOA

Diéu khién truot
Thich nghi
Mang no-ron RBF

Hé thdng giam xéc — vat — 16 xo

MATLAB/Simulink

Piéu khién mang no-ron RBF truot thich nghi sir dung luat tiép can
ham mii cho hé théng giam xdc — vat — 1o xo dugc d& xuit trong
nghién ctu nay. Hé thong giam xéc — vat — 16 xo dwoc st dung rong
rai trong cac linh vyc Ky thuat, dac biét trong c&c tng dung Ty dong
hoa va Co dién tir. Bo didu khién truot véi luat tiép can ham mil duoc
thiét ké dé dam bao vj tri thuc té cua hé théng giam xdc — vat — 16 xo
bam theo vi tri tham chiéu va han ché hién tuong chattering. Mang
no-ron RBF duoc huin luyén va st dung dé xap xi ham f(x) trong
luat diéu khién truot. Céc trong sé cua mang no-ron RBF duoc cap
nhat truc tuyén bang giai thuat Gradient Descent dwa trén céc tin hiéu
hoi tiép ¢ ngd ra. Bang cach chon ham Lyapunov phu hop, tinh 6n
dinh cua bo diéu khién duoc chirng minh va tim duoc luat didu khién
thich nghi. Két qua mé phong véi MATLAB/Simulink cho thay hiéu
qua cua giai thuat dé xuat vai sai s6 bam tién vé 0, do vot 16 12 0 (%),
thoi gian xéc 1ap khoang 0,3168 (s) va thoi gian tang dat 0,1804 (S).
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1. Gisi thigu

Trong nhimg nim gan day, hé thong giam x6c — vat — 16 xo dugc sir dung rong réi trong cac
linh vyc k¥ thudt [1], ddc biét 1a trong céc ng dung: diéu khién tay may robot, h¢ thong treo xe
bus va cac ng dung trong diéu khién vi tri [2], [3]; trong viéc giam rung dong, trong phén tich hé
thong dleu khién va trong may phat dién [4]. CaC g dung cua hé giam x6c — vét — 16 xo déu
cung cap do tin cy cao hon nhu ting cac hé sb an toan hoic hap thu cac lyc tac dong [1]. Vi thé,
hé thdng giam x6c — vat — 16 xo dwoc nhiéu nha khoa hoc quan tdm va nghién cau, tiéu biéu nhu:
nghién ctru [1] da sir dung k§ thuat cudn chiéu; nhom tac gia trong [2] di tién hanh danh gia hiéu
qua cia bo didu khién PID va LQR; trong [3] da thuc hién md phong véi Simulink,
Simelectronics va diéu khién PD cho hé nay; nghién ctru [4] da phén tich sy san sinh entropi va
dap tmg dong st dung toan tir phan s6 phu hop; nghién ctru [5] da md phong h¢ thong giam xoc —
vét — 10 xo trong bién pha; trong [6] da xac dinh céc thong so tdi uu cua bo diéu khién PID tuyén
tinh va phi tuyén, cac bo diéu khién P, PI, PD va PID da duoc thiét ké trong [7].

Diéu khién ciu tric thay doi (Variable Structure Control - VSC) véi diéu khién truot (Sliding
Mode Control - SMC) dwoc dé xuat va xdy dung trong nhitng nim 1950 tai Soviet Union boi
Emelyanov va mot vai nha nghién ciru nhu Utkins va Itkis [8]. Day 1a mot trong cac phwong phap
didu khién hiéu qua hé théng véi wu diém 13 tinh 6n dinh bén viing ngay ca khi hé théng nhidu hoic
thdng sb caa mo hinh thay doi theo thoi gian [9]- [11]. Tuy nhién, dé thiét ké dugc bo dléu khién truot,
ngudi thiét ké can biét chinh xac md hinh cua dbi ‘tuong [9], [10]. Trong thuc té, van dé nay khong
phai lic ndo ciing thyuc hién duoc. Hon thé nita, d6i véi bién do cua luat didu khién truot néu khong
duoc lua chon phu hgp sé gay ra hién twong dao dong quanh mat truot.

Nghién ctu nay sir dung luat tiép can ham mii dé xac dinh luat diéu khién truot va mang no-
ron RBF duogc dé xuit sir dung dé wdc lugng cac ham trong luat diéu khién truot duoc tinh toan
dwa trén ly thuyét 6n dinh Lyapunov va xac dinh luat thich nghi. Cac trong s caa mang RBF
duoc cap nhat truc tuyén duya trén cac tin hiéu hoi tiép ¢ ngd ra.

Bai bao nay duoc td chirc gdm 4 phan: didu khién truot dua vao mang no-ron RBF hé théng
giam xdc — vat — 10 xo duoc trinh bay trong phan 2, phan 3 trinh bay két qua md phong véi
MATLAB/Simulink va danh gia, két luan 1a phan 4.

2. Piéu khién trugt dya vao mang no-ron RBF h¢ thong giam x6c — vat — 10 xo
2.1. Mb hinh toan hec ciia hé théng

MG hinh hé thong giam xo6c — vat — 10 xo gom vat ¢ khdi lugng m; hé s6 giam xéc d va 16 xo
véi do cing k dugc trinh bay nhu Hinh 1. Hinh 2 trinh bay so d6 than ty do cua hé thong [5].

Luc tac dong

. [
I s

ky(f)I Tdﬁ(f)

m m

-----------------------------------

Hinh 1. M& hinh hé thong giam xdc — vét — 16 xo [5] Hinh 2. So do than tir do cua hé thong [5]
Phuong trinh trang thai caa hé thong giam xéc — vat — 10 xo nhu (1) va (2) [5]:
% (t)=x,(t) (1)
, 1
xz(t)z—f(x)+au(t) (2)
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Voi: =

()

Phuong trinh ngd ra nhu (3):

S0+, (1) va u(t)= 1 (1)

y(t)=x(t) 3)
Hay khong gian trang thai caa hé théng dugc mé ta nhu (4):
{)’((t): Ax(t)+Bu(t) @
y(t)=Cx(t)
0 1 0
Trongdé: A=| k d |, B=|1| C=[1 0]
m m m

V6i: m 1a khéi luong caa vat (kg); d 1a hé s6 giam xéc (Ns/m) va k 1a d6 cing 10 xo (N/m).

x(t)=[x(t) x, (t)]T |a vector trang théi,

X, (t)=y(t) la tin hiéu ngd ra — vi tri cua vat,

X, (t) =% (t) 1avan téc cua vat, f(t) = u(t) 1a tin hi¢u ngd vao.

2.2. Piéu khién trwet véi lugt tiép cin ham mii

Bo diéu khién truot v6i luat tiép can ham mii dugc thiét ké dé diéu khién bam v tri h¢ théng
giam xo6c — vat — 16 xo dam bao tinh 6n dinh va théa man cac chi tiéu chat luong.
So d6 cau trac bo diéu khién truot véi luat tiép can ham mi duge trinh bay nhu Hinh 3.

0 Pidu khién
truot

u(t) (1)

Hé thong giam
| x6c-vit-16x0

Hinh 3. So d6 cdu trac bg dieu khién trurot véi ludt tiép cdn ham mii

Dinh nghia mat truot nhu (5) [8]:

S(t)=é(t

Trong d6: A >0 lathéng sb hiéu qua dam bao hé théng on dinh.

Sai s6 bam dugc dinh nghia nhu (6):

e(t)=y, (t)-y(t)=y, (t)-x(t)

DPao ham cua sai s6 bam nhu (7):

¢(t) =y, (t)-y(t

)+ Ae(t) (5)
(6)
)=yd (t)_XZ(t) (7

Trong d6: Y, (t)1a vi tri tham chiéu, y(t)Ia vi tri thuc té cua h¢ théng giam xdc — vat — 10 xo.

Pao ham ctia mat truegt nhu (8):

S(t)=8(t)+28(t)=28(t)+ ¥, (t)- ¥ (t)=26(t)+ ¥, (t) - %, (t)

Thay (2) vao (8), ta duoc (9):

S(t)=26(t)+ 9, (t)+ 1 (x)—%u(t)

(8)

©)

Véi luat diéu khién chuyén mach toc d6 ham mii dwgc mé ta nhu (10) [8]:

S(t)=

Véi n>0,k>0

=—7sign(S (t)) kS (t)

(10)

Ta duoc luat diéu khién truot véi toc do ham mil dwoc md ta nhu (11):
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Ugye (1) = m[/lé(t) + 9, (t)+ f(x)+nsign(S(t))+kS (t)] (11)
Luat diéu khién truot (11) dam bao vi tri thuc té cia hé thdng giam xdc — vét — 16 xo bam theo
vi tri tham chiéu trong thoi gian hitu han.

2.3. Diéu khién trwet dwa vao mang no-ron RBF cho ham chwa biét f(x)

Mang no-ron RBF thudng duoc sur dung dé xap xi ham chua biét. Trong phan nay, nghién ciru
sé& sir dung mang no-ron RBF dé xap xi f(x) trong luat diéu khién (11). Thuat toan cia mang RBF
nhu sau [8]:

h, =exp Ix _ij ” (12)
20
f =W7Th(x)+e (13)

Trong d6: x la tin hiéu ngd vao cua mang no-ron RBF, i la s6 ngd vao caa mang, j 1a sé no-
ron 16p 4n cua mang, h =[h,h,,---,h, ]T 1a ngd ra caa ham Gaussian, W" 1a gia tri trong s6 mong
mudn ctiia mang, ¢ 1 sai s6 xap xi ciamang va £<g, .

So d6 cau tric mang no-ron RBF dé xap xi f(x) dugc trinh bay nhu Hinh 4.

Hinh 4. Cdu triic mang no-ron RBF

Trong d6:  x=[x x]. h=[h h h h h], b= b b b kKT,
c= |:Cll ClZ ClS C14 C15
CZl CZZ C23 C24

:|,W=[W1 w, wow, w]
CZS

Ngd ra cua mang no-ron RBF duoc cho bai (14): f (x) =WTh(x) (14)
Trong d6: h(x) 1a ham Gaussian cua mang no-ron RBF.

Sau khi ham f(x) duoc xap xi bang mang no-ron RBF, bo diéu khién mang no-ron RBF truot
thich nghi str dung luat tiép can ham mit (ASMC_RBF) dugc thiét ké nhu (15):

Upswi_sse (1) =m[ 26(6)+ 5 (1) + £ (x) +sign(s (1)) +KkS (1) | (15)
Thé (15) vao (9), ta duogc (16):
S(t)=28(t)+ 9, (t)+ f (x)—%m[lé(t)Jr 5, (t) + 1 (x) + sign(s (1)) +ks (1)

= f(x)— f(x)—nsign(S(t))-kS(t)=f (x)—nsign(S(t))-kS(t)
Trong do: f(x)= f ()= f (X)=WTh(x)+2-W h(x)=W h(x)+e&
VaW =W’ -W

(16)
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Dé ching minh 6n dinh, dinh nghia ham Lyapunov nhu (17): V = % S?+ %;fWTW (17)
Trong d6: ¥ >0. Pao ham cua (17) va tur (15), (16), ta co (18):

V =SS+ W W= (x)-rsign(s) ks )W W

=5(Wh(x)+-nsign(s)~ks |- "W (18)

W' [Sh(x)—yWJ+S(g—nsign(S)—kS)
Suy ra luat thich nghi nhu (19):

w =Lsh(x) (19)
v
Ldc nay:
V =S(&—nsign(S)—kS)=S(s—-kS)—n|S| (20)
Do sai s6 Xap xi ¢ bi han ché va du nho, ta cd thé thiét ké 1> &, +1,,m, >0; Vi thé, ta c6 thé
tim dugc V < -7, |S| <0.

TV <-n,|S|<0, taco (21):
t t

jv'dts—noﬂswt, ieV (t)-V (0)<—n, [|s]dt (21)

0 0
Thi V bi giéi han, S va W ciing bi giéi han, tir biéu thic S, S bi giGi han va j||s||dt bi gigi
0
han. Tir b6 dé Barbalat, khi t —o0, tacd S —0 thi e(t)—>0,6(t)—>0.

Vi V bi gigi han khi t —o0, W bi giéi han. Vi khi V =0, ta khong thé¢ c6 W =0, W khéng
thé hoi tu dén W”

3. Két qua md phéng va danh gia

So @6 md phong bo diéu khién mang no-ron RBF truot thich nghi sir dung luat tiép can ham
mil dugc trinh bay nhu Hinh 5:

J_ —»-o Au
+ > —
—I» . ar ASMC_RBF —MSD_SYSTEM
Input

Input

h 4
N

Hinh 5. So' @6 mo phong bg diéu khién dé xuat

Céc thong sb cua bo diéu khién dé xuat va caa hé thong duoc thé hién trong Bang 1 va Bang 2.

Pap tng nic va sai s6 cua hé théng giam xoc — vat — 10 xo véi bo diéu khién mang no-ron
RBF truot thich nghi st dung luat tiép can ham mii duoc trinh bay nhu Hinh 6. Quan sat dap ng
nac va sai s6 duoc trinh bay & Hinh 6, vi tri thuc té caa hé théng hoi tu vé vi tri tham chiéu sau
0,3168 (s) twong tng véi thoi gian ting dat 0,1804 (s), khdng c6 vot 15 va triét tiéu sai s6 xac lap.
Céc chi tiéu chat luong cua dap tmg duoc thé hién o Bang 3 va duoc so séanh véi bo diéu hién
PID [7] va bo diéu khién véi k thuat backstepping [1]. Hinh 7 trinh bay tin hi¢u diéu khién cia
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bo diéu khién dé xuit véi ngd vao ham nic. Hién twong chattering véi bo diéu khién dé xuat da bi
triét tiéu.
Bang 1. Cac thong sé cua bg diéu khién mang no-ron RBF truot thich nghi siz dung lugt tiép cdn ham mi

Thong so Y nghia Gia tri
A 20
n 0,5
v 1000
k 20
b Gié tri ngudng [01 01 01 01 01
G tri tm cia hm Gaussi 05*—2 -1 012
c i4 tri tm cua ham Gaussian SN s 1001 2
Bang 2. Cac thdng sé cua hé thong
Thong so Y nghia Giatri Pon vi
m Khéi lwong cua vat 1 kg
k D¢ cung 10 xo 1 N/m
d Hé sb giam xoc 2 Ns/m
I?ap ung nac c‘ua ASI\‘IIC-RBF-"
N
£
g osr 'Il'in hietln dieu lfhien c1‘1a ASN!C-RBF‘ voi ng? vao h‘am naﬁ:
’ 0 ===y 200
| | | | | | | y-ASMC-RBF 5
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 Z
Thoi gian (s) : 100
Sai so cua ASMC-RBF 2
1 ‘ ‘ ‘ ‘ ‘ or
E 0 0.2 0.4 0‘6 0‘8 1l 1‘2 1‘4 1‘6 1‘8 2
é 05 Thoi gian(s)
7] o
0 0.‘2 0.‘4 0.‘6 0f8 ; 1?2 1?4 1?6 1?8 2
, Thoi gian (s) i . , B
Hinh 6. Pdp 1ng nac va sai so cua ASMC_RBF Hinh 7. Tin hiéu diéeu khién véi ham nac
Bang 3. Cac chi tiéu chdt luwong cua bé diéu khien ASMC_RBF
Céc chi tiéu Thoi gian ting Do vot 16 Thoi gian xac lap Sai s6 xac lap
chat lwong (s) (%) (s) (m)
ASMC-RBF 0,1804 0 0,3168 0
PID [7] 1,25 9,15 4,18 -
Backstepping [1] 0,286 - 0,526 0

Quan st Bang 3 ta thay rang, gia tri cac chi tiéu chat luong cua bo diéu khién dé xuét nho hon
bo diéu khién backstepping va bo diéu khién PID. Diéu nay dat dwoc cho thay tinh hiéu qua va su
phi hop cua bo diéu khién dé xuat trong diéu khién bam vi tri hé thong giam xoc — vat — 10 xo.

Pap tng xung vudng, xung sine va sai s6 caa hé thong giam xdc — vat — 10 xo véi bo didu
khién dé xuat dugc trinh bay nhu Hinh 8 va 9 twong ung. Pap tng trén Hinh 8 va 9 cho thiy
rang, bo diéu khién dé xuat van dam bao diéu khién vj tri thuc té cua hé théng hoi tu vé vi tri
tham chiéu trong thoi gian hitu han vai sai s6 xac 1ap tién vé 0 va khong c6 do vot 16.

Hinh 10 trinh bay két qua xap xi ham f(x) cua mang no-ron RBF véi ngd vao hinh sine va
Hinh 11 trinh bay két qua khao sat véi truong hop ¢ nhidu (nhiéu tring) dé gia Iap nhiéu cam
bién tac dong vao ngd ra cua hé théng. Quan st cac dap tng ¢ Hinh 10 va 11 ta thay rang mang
no-ron RBF Xap xi hiéu qua ham f(x) véi sai sb xap xi tién vé 0 va bo diéu khién dé xuat van diéu
khién tot hé thong khi c6 nhidu tac dong ¢ ngd ra cua hé thong.
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Dap ung xung vuong cua ASMC-RBF
T T T

1= 1

E
Sos 1
c
2
o
o - = =yd
| | | | y-ASMC-RBF
0 2 4 6 8 10 12
Thoi gian (s)

Sai so cua ASMC-RBF
T T T

£ 0.5 k b
ol
-0.5F I I I I

0 2 4 6
Thoi gian (s)

Bien do (m)
—

©
=5
o

Hinh 8. Pdp iing va sai sé Véi ngd vao xung
vuéng cua ASMC_RBF

Ket qua xap xi ham f(x)
T T T T

f
4 == = fxap xi RBF

Bien do (m)

Thoi gian(s)

Hinh 10. Két qua xdp xi ham f(x) ciia mang
no-ron RBF véi ngd vao hinh sine

Dap ung cua ASMC-RBF voi sine

Bien do (m)
S o
o o o

== = y-ASMCRBF

0 1 2 3 4 5 6 7 8 9 10

Bien do (m)
S
=y
&

T
L

o
.

015 I I I I I L I I I
0 1 2 3 4 5 6 7 8 9 10

Thoi gian (s)
Hinh 9. Pdp ig va sai sé véi ngd vao hinh sine
cua ASMC_RBF

Dap ung nac cua ASMC-RBF voi nhieu
T T T T T T

Bien do (m)

[ - = -v
y-ASMC-RBF

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Thoi gian (s)

Dap ung xung vuong cua ASMC-RBF voi nhieu

T T T

E
€os
c
o
o
ol p——
| | | | y-ASMC-RBF
o 2 4 6 8 10 12

Thoi gian (s)
Hinh 11. dp ving ndc va xung vuong khi nhiéu tac
déng ¢ ngo ra cua hé thong

Hinh 12 va 13 trinh bay dap Gmg nic va xung vudng cua bo diéu khién dé xuét trong truong
hop khoi lIugng tang 100% (m = 2 kg) va d6 cang 10 xo giam 50% (k = 0,5 N/m). Cac dap tng
trong treong hop nay van cho thay tinh hiéu qua va su phu hop cua bé diéu khién deé xuat.

Dap ung nac cua ASMC-RBF khi tang m = 2kg

) ———

0 ===y
! ! | | | | | y-ASMC-RBF
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Thoi gian (s)
Dap ung xung vuong cua ASMC-RBF khi tang m = 2kg
T T T T T

1 1

— [/
£ i
© 05 bl T
c
Q2
)
0 - ==y
| | | | y-ASMC-RBF
0 2 4 6 8 10 12
Thoi gian (s)

Hinh 12. Pdp #ng nac va xung vudng
khim =2kg

Dap ung nac cua ASMC-RBF khi giam k = 0.5N/m
T T T T T T T

Pl S

o [Ep———
y-ASMC-RBF

I . . . . . .
0 02 04 06 08 1 1.2 14 1.6 1.8 2
Thoi gian (s)

Dap ung xung vuong cua ASMC-RBF khi giam k = 0.5N/m
T T T T T

1M 1

— [/
£ |
8 0.5 - A
8
[3)

0 [Ep———

L | | | y-ASMC-RBF
0 2 4 6 8 10 12
Thoi gian (s)
Hinh 13. Pdp ng nac va xung vubng
khi k = 0,5 N/m
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Qua cac két qua md phong duoc trinh bay tir Hinh 6 dén Hinh 13 cuing véi cac chi tiéu chat
lwong thé hién & Bang 3 dé cho thiy bo diéu khién mang no-ron RBF truot thich nghi véi luat
tiép can ham mii d& xuat phu hop, bén vitng va hiéu qua trong diéu khién bam vi tri hé théng
giam xdc — vat — 10 xo.

4. Két luan

Bai bao da trinh bay va kiém chimg phuong phap diéu khién mang no-ron RBF truot thich
nghi véi luat tiép can ham mii diéu khién bam vi tri hé thdng giam x6c — vat — 10 xo0. Két qua md
phong véi MATLAB/Simulink dd chirng minh tinh hiéu qua va su phu hop cua bo didu khién dé
Xuit véi cac chi tidu chat lugng vuot troi hon so v6i bo diéu khién PID va bo didu khién
backstepping duoc 4p dung cho hé thdng ndy. Ngoai ra, hién twong chattering cua bo diéu khién
dé xuat ciing bi triét tiéu. Bén canh do, bd diéu khién dé xuét con dugc khao sat véi ngd vao xung
vuong, sine, khi c6 su tac dong cua nhidu & ngd ra va su thay doi cua khdi lugng, do cimng 10 xo
da cho thdy tinh bén vitng cua nd. Céc bo diéu khién lai hodc diéu khién két hop s& duoc nghién
ctu phét trién dé tiép tuc diéu khién hé théng giam xoc — vat — 10 xo va kiém chiing trén mé hinh
thyc té thay vi chi dung lai & md phong.
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