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MOQT PHUONG PHAP PIEU KHIEN CHO HE PHI TUYEN DUA TREN CO SO
PANH GIA THANH PHAN BAT PINH BANG MANG NEURAL RBF

TOM TAT

Ding Ngoc Trung , Lé Thi Huyén Linh
Truong Dai hoc Ky thudt Cong nghiép - DH Thai Nguyén

Bai bao gi6i thiéu phuong phap diéu khién dbi tuong phi tuyén véi dong hoc bat dinh va chiu anh
hudng ciia nhiéu bén ngoai tac dong nhu: con lac ngugc, canh tay Robot, co cAu nang ha... dya
theo phuong phap diéu khién Backstepping két hop thudt toan danh gia thanh phan bt dinh st
dung mang neural RBF, dam bao cho hé thong 6n dinh, giit can bang hay bam chinh xac quy dao

cho trudc...

No6i dung bai bao véi cach xay dung thudt toan va cau trac diéu khién thong qua

chimg minh tinh on dinh theo tiéu chufin Lyapunov, két hop véi cac két qua mo phong minh hoa
cho doi tugng la con lac nguoc trén phan mém Matlab Simulink da cho thay dugc tinh vu viét cua

phuong phép dé xuat.

Tir khéa: Piéu khién backstepping; Mang neural RBF; Piéu khién bam, On dinh ISS; Hé con lic ngiroc

MO DAU

Hau hét cac ddi tugng didu khién nhu: co cdu
nang ha, canh tay Robot... trong cic day
truyén san xudt noi chung va hé con lic
nguoc ndi riéng déu 1a cac ddi tuong phi
tuyén bt dinh chiu anh huong ciia nhidu tai
va mdi trudng bén ngoai. Vi vy cac bo dicu
khién kinh dién trude day s& khong thé dap
mg va phut hop vé6i yéu cau ky thuat, nhu bd
diéu khién PID duoc sir dung trong [1,2] dé
diéu khién cac dbi twong phurc tap nhu trén
gip rat nhiéu kho khan, va hau nhu khong dap
mg dugc yéu cau vé tinh 6n dinh ciing nhu
chat luong cia hé théng. Mot sb giai phap
diéu khién phi tuyén hién dai ra doi nhiam
nang cao chat luong diéu khién cua cac hé
nhu: trong diéu khién Robot, cac thuat toan
diéu khién thich nghi dé diéu khién Robot tuy
c6 thé nang cao chat lugng, bu trir dugc phan
nao anh hudng sy bién thién cia cac thong s6
dong hoc dbi tuong, song thuong chiu ganh
ning vé khdi luong tinh toan, can tré viéc
thuc hién chung & ché d6 thoi gian thuc [3,
4]. Piéu khién trugt — PID cho Robot duoc dé
xudt trong cac cong trinh [5, 6], tuy nhién luat
PID ¢ day duoc ap dung chi dé hinh thanh
mat trugt va khong tryc tiép tao ra tin hiéu
diéu khién. Vi thé, tuy dugc goi 1a didu khién
trugt — PID, nhung khong c6 sy két hop 16 nét
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wu diém cta luat diéu khién PID véi diéu
khién truot, hon nita con chua quan tam dén
hién tuong rung (chattering) gay ra. Mot thuat
toan diéu khién thich nghi Backstepping cho
Robot 2 béc tir do trong [10] d& xuit da phan
nao cho théy chét luong va tinh on dinh cta
hé dugc dam bao, tuy nhién chua xét dén anh
huéng cia nhidu tic dong bén ngoai hay yéu
td bat dinh cta hé. Trong diéu khién hé con
lac ngugc, mot s6 thuat toan PID tbi wu sir
dung phuong phap tinh dung gidi thuat GA
[7], bd diéu khién mo két hop mang neural
[8], ludt diéu khién phdi hop giita PID va tbi
wu LQR [9]...dé diéu khién co ciu con lic
nguoc, tuy nhién cac thuat toan déu xay dung
trén phuong trinh dong hoc ddi tuong da duoc
tuyén tinh hoa, do vay sé khong thyc sy thoa
dang cho cac d6i tugng thuc té 1a phi tuyén
bét dinh v6i cac tham sd thay ddi nhu trén.
Qua cac nhan xét & trén cho ta thdy viéc tong
hop mot bo didu khién dép ung duoc cac yéu
ciu cia ddi twong phi tuyén bét dinh 1a didu
cap thiét. Du6i day dé xuat phuong phap tong
hop hé diéu khién thich nghi dua trén luat
diéu khién Backstepping két hop mang neural
RBF dam bao cho cac hé théng diéu khlen
bam quy dao, hé thong git can bang...
chung va diéu khién hé con lac ngugc noi
riéng 6n dinh bén viing voi cac anh hudng
cta yéu tb bat dinh gy nén.
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DAT VAN BE

Trong bai bdo nay, tdp trung vao viéc xay
dung thuat toan diéu khién cho 16p dbi twong
phi tuyén c6 phuong trinh dong hoc dang:

X=X (1)
X,=f xt +g xtu

Trong do: f x,t va g x,t duoc xem la
céc thanh phan nhidu va yéu t6 bat dinh trong
h¢, véi g x,t =0.

Dit: e =x —x,» v6i X, la tin hi¢u dat mong
mubn, €, 1a sai léch ctia hé. Muyc tiéu dit ra la
thiét k& bo diéu
e —0;¢e —0.

XAY DUNG THUAT TOAN PIEU KHIEN
BACKSTEPPING CHO POI TUONG PHI

TUYEN BAT PINH CHIU ANH HUONG
CUA NHIEU TAC PONG

Xuéat phét tir phuong trinh dong hoc cua d6i
tuong (1) ta co:

élle_xld:XZ_de )

Nhan thdy, dé e, — Othi theo tiéu chuan 6n

khién sao cho

dinh cta Lyapunov ta chon phiém ham c6 dang:

v, :%ef ®

Suyra: V. =eg =€ X, —X,
D@ dang nhan thay khi lwa chon gia tri:

X, — X%, =—kge; k >0 4)

1717

thi V,=¢ x,—X, =—ke’ <0

1
Luc nay bién X, dong vai tro nhu mot dau vao
“ao”cua h¢. Ta lya chon: X,, = de — |(1(E‘1 khi
do ta co sai léch e, = X két hop véi
(1) ta dugc:

&, =X, — X, = F(X,t) +g(x,)u —Xx,,

2 T X o

Bai toan dat ra lic nay can tim diéu kién dé
dam bao choca € —0va e, —0,dodota

lya chon ham Lyapunov c6 dang:

86

1 1
V,=V +=e== ¢ +e
2 2

Suyra: V,=e¢/(X,—X,)+6&g,

=e/(X, +e, —X%,)+¢eg,
=—ke’ +ee,+e, f xt +g(xthu—x,
=—ke’'+e, e+ f xt +g(x,tu—x,
Ciing tuong ty nhu trén, dé \/'2 < 0 talua chon:
e+ f xt +gxtu—x,=—ke; k>0 (5
Khi do: V, = ke’ — ke’ <0

T (5), ta c¢6 luat didu khién cho hé theo
phuong phap Backstepping nhu sau:

1 .
= 7 Xt —k,e, +x,, —e — f(xt)
’ (6)
Nhu vay, c6 thé thdy rang tin hiéu diéu khién
U cua hé sé xac dinh khi cdc ham f x,t va

u

g X,t dugc xac dinh. Vi thé nhiém vu tiép
theo can phai tim cach wdc luong cac thanh
phan nay. Dudi day dé& xuét sit dung mang
neural RBF dé xap xi cac hamf x,t va
g Xt . Khi cac ham bat dinh nay dugc danh
gi4 va cap nhat lién tuc thi luat didu khién (6)
s& thé hién dugc tinh thich nghi cta né.
THUAT TOAN UGC LUONG CAC
THANH PHAN NHIEU VA YEU TO BAT
DINH SU DUNG MANG NEURAL RBF
Goi cac ham f va ¢ 1a cac ham danh gi4
cua f x,t va g x,t dugc udc lugng boi
hai mang neural RBF:
FO=W' +é

(")
90 =W"¥, +¢

Trong d6: W va ¥ (i=f, g) la cac trong sd
“ly tuong” va cac ham co so (Gaussian

Function) tuong Ung cua hai mang neural
RBF; &(i=f,g)la cic sai s xap xi “ly

tudng” cia mang |gf | <g; |gg| <g,.
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v — exp M
| 2b?

Véi x =[x x,]" la cic dau vao clia mang

RBF va dau ra ciia mang RBF sé 1a:

f =Wy
o ®)
g=W,¥

Trong do6: W 1a trong sd danh gia, duoc
hiéu chinh trong qug’l trinh huan luyén mang.
Sai léch cuia trong so danh gia so véi trong so
Iy twong s& 1a: W, =W —W,

Khi do tin hi¢u diéu khién cua hé (1) co thé
duoc viét nhu sau:

~

u:% —ke, +x,—e —f
9

Vay = ke’ —ke'+e f—f +e g—gu

Chon ham Lyapunov c6 dang:

1 gomi o 1w
V=Vt W Wo W,

1 2

L?iy dao ham cuaa V ta duoc:
V=V + i\ivj\/;vf + i\ingVL\/g
ﬂVl ﬂ'z

— ke’ —ke'+e, f—f +e g—§ u

+/%V~Vj\7vf +/11\7v;\7vg

1 2

=—ke'—ke +e, W +e +e, W +& u

_%w;wf W,
2 2 AT 1.
=—ke —k,e +W|e _IW

f
1

+V~VQT +e, €+e;u)

Nhan thdy dé V <0thi luat cip nhat ham
trong cho cac mang neural s€ la:

e U —iv“vg
ﬂ’z

W, = 4e%,
: (9)
W, =4.e¥u

Nhu vay voi ludt cdp nhét trong sb6 cho céc
mang neural (9) dam bao cho hé théng (1)
luén 6n dinh thyc té ISS voi anh huéng cua
nhidu va cac yéu té bat dinh phy thudc thanh
phan €, 8: —I—S;u . Néu sai s6 d4nh gia cua
mang neural cang nho thi ban kinh viing hap
dan xung quanh gbc toa do sé bé

Tir phuong trinh (6) va (9) ta c6 so do céu
trac diéu khién ddi twong phi tuyén bét dinh
chiu anh huéng ctia nhiéu nhu hinh H1.

Adaptive

Mechanism
RBF NN
[
Xiq

Controller “

‘ Xiq

’—| X
Plant T
+ —_

Hinh 1. So d6 cdu triic diéu khién

UNG DUNG THUAT TOAN CHO DOI
TUQONG PHI TUYEN BAT DINH CHIU
ANH HUONG CUA NHIEU
Déi twong dp dung
Pé ching minh kha ning wu viét cia thuat
toan dé& xuat, bai bao tap trung xét dbi tuong
12 hé con lic nguoc c¢6 phuong trinh dong hoc
nhu sau:

X =X,

. gsinx, —mlx, cosx,sinx, / (m,+m)

T I(4/3—mcos® x, / (m_+m))

cosx, / (m_+m)
[(4/3—mcos® x, / (m_+m))

Trong do:

X : 1a géc quay cua con lac ngugc
b o S <
1 : ]a van toc goc cua con lac ngugc

Xoqa e A , , 4
1: ]a gia toc goc cua con lac nguoc

g =9.8m/s’: 14 gia toc trong truong

m_ =1Kkg : 1a khdi luong ctia qua lac

m =0.1kg : 1a khdi lugng thanh lac

| =0.5m: 14 chiéu dai cia mot nira thanh lic

U : 1a tin hiéu diéu khién dong co quay thanh lic
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Mo phong thudgt todn trén phin mém Matlab
simulink

> Théng sé mé phong
Lua chon céc tham sb cho bo diéu khién :
k =k, =35

Hai mang neural dwgc chon cac tham sé:
+ CAu tric mSi mang neural RBF lya chon 1a
mang 1 16p an; véi s6 dau vao mang 1a 2 gom
(e, hodc e, va u); sb neural 16p anla 5 va co
moét dau ra ( f hodc g).
C, = [-0.5 -0.25 0 0.25 0.5];
b, =15 w,(0)=0.1; 4, =25; 4,=5.5
Quy dao dat: x, = 0.3sin(0.8t)
%

g e

g
Hinh 2. So d6 cdu tric diéu khién mé phong trén
Matlab simulink
> Két qua moé phong trén Matlab simulink
5

- T
sai lech; --------
d

Thanh phan bat dinh f{x)
(=]

‘ glx) lhucé | |§g(x}danh giaé ————— |

5 10 15 20
Thoi gian (s)

Hinh 3. Bdnh gid thanh phan bat dinh f{x)

10 T

© FErEmeEs
™

|
(8]

- T
sai lech; --------

(&)

[==]

|
[Aa]

Thanh phan bat dinh g(x)

-y
=

‘ |§g[x}danh giai——- ‘
5 10 15 20
Thoi gian (s)

Hinh 4. Banh gid thanh phan bat dinh g(x)
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0.4

Sailech quy dao cua
BSCE&RBF voi X1-dat

ozr

Quy dao X1 (Rad)
=

Thoi gian (s)

Hinh 5. So sdnh quy dao chvuyé"n déng ciia con ldc

nguoc x; giita bo diéeu khién BSC&RBF voi PID
KET LUAN
Qua két qua danh gia cac thanh phan bét dinh
f(X) va g(x) ctia ddi tuong con lic nguoc nhu
hinh H3 va H4 cho ta thdy dugc tinh dung
d4n cua thuét toan udc luong st dung mang
neural RBF. Két qua danh gi4 thanh phan bt
dinh nay s€ duogc cdp nhét lién tuc lam co s&
dé tong hop tin hiéu diéu khién cho bo didu
khién phdi hop giita Backsteping v6i RBF
(goi tit 1a bo diéu khién BSC&RBF) cho hé
con lic nguoc giup cho ciu trac diéu khién
mang tinh thich nghi véi cac sy bat dinh ton
tai trén hé. Pong thoi qua két qua md phong
hinh H5 cho thiy quy dao chuyén dong cua
con lic ngugc bam chinh xac theo quy dao
dat hon han so véi viéc sur dung bo diéu khién
PID kinh dién, diéu nay cang khiang dinh
duogc tinh vu viét cia thuat toan nhan dang va
luét diéu khién dé xuit.
LGOI CAM ON
Két qua nghién ciu cia bai bao duoc thyc
hién boi kinh phi do truong Pai hoc Ky thuét
Cong nghiép cip cho dé tai KH&CN: M@t
phwong phap diéu khién cho hé phi tuyén
sit dung bd diéu khién Sliding mode két
hop véi mang Neural RBF, mid s dé tai:
T2017-B06.
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A CONTROL METHOD FOR NONLINEAR SYSTEM BASED
ON UNCERTAINTY ESTIMATION USING NEURAL RBF NETWORK

Dang Ngoc Trung’, Le Thi Huyen Linh
University of Technology - TNU

This paper introduces a control method for noninear objects with uncertain dynamics and external
disturbances such as: inverted pendulums, arm of robot, lifting system... applying the
Backstepping control method combining with the algorithm of uncertainty estimation using the
neural RBF network that ensures the stability of system, balance keeping, or tracking the desired
trajectory... The major contents of this study including establishing mathematical algorithm and
designing control system by proving the stablity based on Lyapunov standard as well as simulation
results for the inverted pendulum employing Matlab/Simulink show the superiority of the

proposed control method.

Keywords: Backstepping control; RBF Neural Network; Tracking control; ISS Stability; Inverted

pendulum.
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