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ABSTRACT

In the control system, the values of the parameters often does not know
exactly because of its changes over time or insufficient information. To
solve this problem, an adaptive control method based on Radial Basis
Function neural network was proposed to control the beam and ball
system model. At the same time, We have also the sustainability of the
controller was evaluated by changing reference signal, ball’s weight and
noise impacts generated by sensor of the model. The evaluation of
sustainbility ~was performed by simulating the system with
MATLAB®/Simulink. The results showed that responsesignal met desired
signal under the varying of such parameters. Besides, this research is the
fundamental to develop an adaptive control for complex models such as
omni-directional three-wheeled robots in the future.

TOM TAT

Trong cdc hé diéu khién, cac tham s6 ciia hé théng thwong khong biét gia
tri chinh xdc vi cdc tham $6 nay thwong bi thay doi sau ‘mot thoi gian, hay
khéng @i théng tin vé cdc thong sé do. Pé gidi quyét van dé ndy, mot
phwong phadp diéu khién thich nghi dwa trén mang no-ron ham ban kinh
o' s6 xuyén tam duwoe dé xudt dé diéu khién mé hinh cau can bang. Pong
thoi, tinh bén vitng ciia bo diéu khién dwoc danh gia bang cach thay doi
vé tin hidu tham chiéu, khoi luwong hon bi va nhiéu do cam bién sinh ra.
Kiém nghiém va mé phdng trén thong qua phan mém MATLAB®/Simulink
cho thdy hé thong dap ung duoc tinh bén vitng khi thay doi cac théng sé
vé khoi luong hon bi, nhiéu tac déng do cam bién sinh ra va tin hiéu tham
chiéu. Két qua mé phong cho ddp ung bam theo tin hiéu mong muon.
Ngodi ra, nghién civu con la co sé dé phat trién b diéu khién thich nghi
cho cac mé hinh phirc tap nhw robot ba banh da hwong trong twong lai.

Trich dén: Nguyén Pinh Tt, Lé Hoang Dang, Tran Chi Cuong va Nguyén Chi Ngon, 2017. Diéu khién thich
nghi theo moé hinh tham khao dua trén mang no-ron RBF. Tap chi Khoa hoc Truong Pai hoc Can

Tho. 50a: 37-42.

1 GIOI THIEU

bi sao cho 6n dinh theo vi tri mong muon trudc tac
dong cta nhicu bén ngoai. M6 hinh cau can bang la

Mo hinh cdu can bang dwoc tim hiéu va nghién
ciu tr nhidu nam trudc day (Jeff Lieberman,
2004). Cho dn nay, viéc diéu khién hé nay da dwa
ra nhiéu ung dung dic biét trong hoc tap va nghién
ctru. Muyc dich cuia hé thng 1a diéu khién vi tri hon
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mot hé phi tuyén (Mohammad Keshmiri et al.,
2012) dé diéu khién 6n dinh vi tri cia hon bi trong
cac nghién ctru nhu: didu khién t6i vu tuyén tinh
(Burl, J., 1999), diéu khién mo hinh cau can bang
st dung phuong phap LQR va LQG/LTR (Patrick
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Owen McGuirk, 1995) va tng dung b diéu khién
thong minh cho mé hinh cau cin bang (Mohd
Fuaad Rahmat et al., 2010), cac tac gid s dung
phuong phéap diéu khién LQR (Zhong-Hua Pang,
2011) cho m hinh da tuyén tinh hoa. Trong nghién
clru nay, mot phuong phap ing dung mang no-ron
RBF dé diéu khién vi tri hon bi 6n dinh trude cac
tac dong dugc xem la nhiéu nhu khéi luong hon bi
va nhiéu vi tri do cdm bién dugc dé xuat. Viée xay
dung giai thuat cho mang no-ron RBF dé diéu
khién thich nghi ddi tuong cau can bang duoc thuc
hién trén MATLAB® va sau d6 tinh bén viing cta
bd didu khién dugc khao sat bang cach thay ddi tin
hiéu tham chiéu va khéi lugng hon bi. B mo ta
cac phan cua hé théng didu khién, cac khdi
MATLAB®  S- function d thé hién cac phuong
trinh toan hoc phirc tap thay cho viéc st dung cac
khéi tinh toan trong Simulink truyén théng. Cac
két qua mo phong duge mo ta nham minh hoa tinh
hiéu qua cua hé diéu khién thich nghi dua trén
mang no-ron RBF.

2 PHUONG PHAP NGHIEN CUU
2.1 M0 ta h¢ diéu khién ty dong

Dé khao sat hé didu khién tu dong bat budc
phai tim ra qui ludt bién d6i ham, do do ta phai sir
dung cong cu toan hoc. Ta phai chuyén ddi tir hé
diéu khién thuc cho boi mé hinh, xét mot hé vat Iy
thé hién trong Hinh 1 (The University of Michigan,
1997). Hé thong duoc gia dinh 14 tuyén tinh. Trong
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PAu tién, ta dat:
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Hinh 1: M& hinh ciu cin bing

Tir hé phuong trinh (2), ta dua vé dang phuong
trinh trang thai:

do, u(t) 1a lyc tac dong tir bén ngoai va dugce cho la 0
ngd ra. Thong s6 y(t) 1a khoang do tir vi tri khi vat {XI }{0 1}{ x] } . —mgd 0 O
can bang dén vi tri ma vat bi luc tac dong vao. Ta % 1o o X7 J
c6 phuong trinh vi phan nhu (1) L[Rfm]
Bing 1: Cic thong s0 ciia md hinh h¢ ciu cin bing
Ky hiéu Y nghia Gia tri DPon vi
g Gia tdc trong truong 9,8 m/s’
J Moment quén tinh ctia hon bi 9,99 10°¢ kgm?
R Ban kinh hon bi 0,015 m
d Chiéu dai canh tay don 0,038 m
m Khéi luong hon bi 0,11 kg
L Chiéu dai thanh cén bang 1,2 m
0 Goéc quay cuia servo (ngd vao) - radian
a Goc quay cua thanh - radian
r Vi tri hon bi (ngd ra) - m

2.2 Bj diéu khién RBF tuy chinh
2.2.1 M6 ta hé thong
Xét d6i tuong c6 dang:

y(k+D=g[y(k)[+¢[ y (k) Ju(k) (4)

Trong d6 y(k) la ngd ra va u(k)la ngd vao
diéu khién.

Cho y, (k) la tin hiéu tham chiéu, néu g[.].¢[]
biét 1 thi bo didu khién s& dugc thiét ké nhu (5)

—g[] yg(k+1)

o] ol

u(k) = )
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Tuy nhién, cac gia tri g[.],¢[.] thuong khong
biét rd, nén rat kho dé xac dinh theo luat diéu khién
(5).

2.2.2 Thiét ké b$ diéu khién RBF

Trong phan nay, bai viét s€ trinh bay qua trinh
hoat dong cua bo dicu khién thich nghi dé¢ udc
luong hai gia tri g[.J4[]. M6 hinh tham chiéu
duoc chon nhu (6)

(6)

Trong d6, A va Ay 1 hai gia tri hang s6 duong;

)'c'm + ﬂl)'cm + ﬂzxm = ﬂzr(t)

X=x—xp thé hién cho su sai sd.
Néu g[].4[] khong biét 15, ta can dung hai bo
RBF dé nhan dang g[.]¢4[]. Va ta ldy hai gia tri

uée luong cua g[.J¢[.] 1an luot la Ng[].Ng[]. Bo
diéu khién ty chinh dugc thiét ké nhu (7)

—

RBF NN

/

No[-] |Ngl]

'
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e[l (xm —zzfc—z%z)
Ng]  Nd[]

Trong do, Ng[.],N¢[.] la hai ngd ra ctia bo nhan

u

(M

dang mang no-ron RBF. A 1a s6 hoan toan duong.
Str dung hai by RBF dé xap xi g[.] va 4[] ,

w .V 1an luot 13 hai véc-to trong s6 cia RBFNN.
Trong mang no-ron RBF, ta c6 y(k)la ngd vao

cua mang, h=[h I ]T, hj1a ham Gaussian

dugc trinh bay o (8)

e

®)
2

hj=exp| —

Adaptive
mechanism

'

Controller

Plant

Hinh 2: Nguyén tic diéu khién thich nghi theo mé hinh tham khio

Trong do6:
i:l,jzl,...,m;b>0;0j:[c1 1,...,c1m];b:[b1 ,...,bm]T.
Véc-to trong s6 duoc biéu dién nhu

)

(10)

W=[W],...,Wm]T

Vz[vl,...,vm]T

Ng6 ra cua hai b RBF duogc trinh bay ¢ (11) va
(12):

Ng(k)=h1wq+...hjwj'...+hmwm (11)

NG(kY=hp+..hjv . by (12)

Trong d6, M 1a sb no-ron trén 16p an. Ngd ra
cua hai bd RBF dugc trinh bay lai nhu (13)

ym(k):Ng[ y(k—l);W(k)]+N¢[ y(k—l);V(k)]u(k—l). (13)
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Hé kin cia bd didu khién thich nghi dua trén
RBF dé nhan dang Ng[.]va Ng[.] dugc trinh bay &
Hinh 2 (J.Liu, 2013). Ham 156i dugc trinh bay nhu
(14)

1 2
E(k)=5(y(k)—ym(k)) . (14)

Theo phuong phap huéng dbc (gradient
descent), thuat hoc dugc trinh bay nhu (15)

3 OE(k) B
A0 == gy = e R ym )8

B OE(k) B B
A0 ==, -y = o L Rrm (O Gk =1

15)
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W (k)= (k=1)+ AW (k)+a(W (k=1)-W (k-2)) (16)
V (k)= (k=1)+AV (k)+a(V (k=) (k=2)) (17)

Trong d6, 7,7, 1an lugt 1a cac hé sé hoc va
& 13 hé s6 momentum.
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wet 111 ),
0,5 05 05 05 05]p=5. ., .. . .
. Cac gia tri nay
duoc chon bang phuong phap thur-sai.
2.3 Mo phéng va két qua

a=0,05 1y,=1,=0,05 2.3.1 Mo phong RBF ty chinh

]T

Tac gia chon

v=[0,5 0,5 0,5 05 05

, cac gia tri

» Demux I:I

A 4

signal Ly ]
In1 out1 Mux —’@
REF SIGNAL

Out1 dyd,dy
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Out1 »

NOISE
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Hinh 3: Nguyén tic diéu khién thich nghi theo mé hinh tham khiao mé phéng bang Simulink
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Hinh 4: Dap ung ngd ra giira tin hi¢u ), va y ung v6i ngd vao ham sin

2.3.2  Khdo st tinh bén vitng cua bo diéu khién

‘ o 0,9;(¢€(0,10])

Ta khao sat tinh bén viing cta bd diéu khién P
bér}g cach thay ddi lan lwot tin hiéu tham' khao, yd ()= 0’3’(te(10’20])
khoi lwong hon bi va nhiéu vi tri do cam bién sinh 0,5;(te(20,40])

ra.

. Khéo sat voi khdi lugng hon bi
Khao sat tin hiéu tham khao v ne

Nghién ctru d khao sat khdi lwong hon bi theo
ba truong hop m=0,2kg , mr=0,5kg va m3=1,0kg .
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Hinh 5: Dap dng ngd ra giira tin hi¢u y, va y
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Hinh 6: Dap tng ngd ra giira tin hi¢u ), va y ung véi ngdé vao ham nic ¢6 tic dong nhiéu

1 T I . , . ‘ |
0.5/ k | —Ref |
/ ---m=0.2[]
0k 1 1 1 1 I 1 1 1 T
0 2 4 6 8 10 12 14 16 18 20
1 p I I I I T T T T T
0.5 /ﬁ | \ — Ref
728 I B b m=0.5["
0E 1 1 1 1 1 1 i 1 i m
0 2 4 6 8 10 12 14 16 18 20
1 ' I g 7 I T T T T
0.5 \ —Ref
——
0t 1 1 1 1 1 i i 1 i -
0 2 4 6 8 10 12 14 16 18 20

Khéo sat v6i nhidu tac dong do cam bién sinh
ra

Nghién ctru da khao sat hé théng khi c6 nhidu
do cam bién sinh ra vdi bién dd nhicu lan luot 1a
0,03, 0,06 va 0,09.
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Hinh 7: Tin hi¢u dip trng ngd ra @ng véi 3 trweong hgp m= 0,2kg, m= 0,5kg, m= 1kg

Khao sat dap ing cia md hinh cau can bing
trong mo phong Hinh 3 cho thiy hiéu qua ciia bo
diéu khién thich nghi RBF (dugc trinh bay trong
Bang 2) v6i dap tng ngd ra tot c6 thoi gian dap
g 1s, sai s6 xac lap khoang 1% va do vot 16 gan
bang 0. Tuong tur, khi ¢ tac dong nhiéu, dap tmg
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ngo ra co thoi gian dap ung 1,3s, sai sO xac lap
khoang 1,5% va d vot 16 1a 2%. DBong thoi, ket
qua mo phong danh gia dugce tinh bén vitng cia bd
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diéu khién khi thay ddi cac thong sé khdi luong
hon bi, tin hiéu tham khao ngd vao va hé thong
hoat dong tot khi c6 nhicu tac dong.

B I I ]
1 p, —Ref
R N Noise =0.03
0.8 - --Noise =0.06
----- Noise =0.09
506 .
ko) . i
>
04 f :
0.2 |
0 | | 1 | |
0 5 10 15 20 25 30
Time(s)
Hinh 8: Tin hi¢u d4p Wng ngd ra ving véi 3 truong hop nhiéu véi bién d9 Noise= 0,03, Noise= 0,06,
Noise= 0,09
Bang 2: Két qua mé phéng ciia bd diéu khién thich nghi dwa trén mang no-ron RBF
Théng so B di¢u khién B9 diéu khién RBF tu chinh khi c6 tic
mo phéng RBF tu chinh dong nhicu
Thoi gian ting 1+ 0,5 (s) 1,3+0,5 (s)
Thoi gian xac lap 0,2 0,05 (s) 0,5+0,05 (s)
Sai s0 xzip lap 1£0,03(%) 1,5 £ 0,05 (%)
Do vot 10 0,1 £+ 0,05(%) 2+ 0,5 (%)
3 KET LUAN (RBF) neural network control for mechanical

Két qua mé phong cho thiy dap Gmg cua tin
hiéu ngd ra cia mo hinh cau can bang bam theo tin
hiéu tham chiéu ngd vao. Véi dap tmg ngd ra tot co
thoi gian dap tng 1s, sai sO xac 1ap khoang 1% va
do vot 16 gan bang 0. Twong tu, khi co tic dong
nhiéu, dap tng ngd ra c6 thoi gian dap ung 1,3s,
sai sO xac lap khoang 1,5% va do vot 16 1a 2%.
DPong thoi, tinh bén ving cia bd diéu khién dugc
danh gia qua phuong phap khao sat va thay ddi tin
hiéu tham chiéu ngd vao, khdi lwong hon bi va
nhidu do cam bién sinh ra. Ngoai ra, nhitng két qua
dat dugc trong nghién ctru nay con 1a co s& dé phat
trién bo diéu khién thich nghi cho cac mé hinh
phtrc tap nhu robot ba banh da hudng trong twong
lai.
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