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ABSTRACT

Non-linear dynamical systems are difficult to control due to the model uncertainties and
external disturbances (that may occur in these systems). This paper addresses the
problem of modeling and on-line direct inverse controlling method using neural
networks for a given class of nonlinear systems. The design procedure involves the
integration of identification and neural control for an imprecisely known plant. A new
recurrent neural network approach for on-line adaptive control is presented. A dynamic
learning algorithm for the recurrent neutral network has been developed with faster
convergence and improved steady-state performance for the neural networks structure.
New control scheme for noise canceller in case of change in load or control parameter.
On-line ssimulation studies for selected process with the proposed control are presented
and discussed using two-link robot arm to demonstrate the performance of the proposed

strategy.

nhiéu trong so dé diéu khién hé phi tuyén
dong dung cac Cau tric mang Nnoron. Céc hé
thong diéu khién nay ¢ cé&c dic tinh dong
an hay chi duoc blet mot phan. Céc tinh
nang tnre tuyén vé kha ning bam sai sé va
tinh bén viing ciing dugc minh ching thong
qualap trinh mé phong.

I.MO PAU

C6 nhiéu phuong phép thiétké diéu khién hé
phi tuyén v&i dbi twong diu khién chiu tac
dong cua nhiéu nhu phuong phép diéu khién
bén viing hay diéu khién thich nghi. Hién
nay, c& tmg dung mang noron trong céc hé
thong diéu khlen dang nay da va dang duoc
phat trlen rat manh ([1] [2], [4]). Trudc hét,
phal ké dén cac cong trinh cua Narendra
nhim giGi thiéu ing dung mang noron nhiéu
| 6p trong nhén dang Vadleu khién thich nghi
hé phi tuyén. Tiép dén, cic nghién ciru nhu
([3], [8],) gidi thidu phuwong phép diéu khién
thich nghi cho hé phan héi tuyén tinh héa,
dung kha nang xap xi phi tuyén van nang,

I1. THIET LAP BAl TOAN
Cacy niém

Trong ba viét ndy, cong cu toan hoc dugc
dung la phuong phap dao ham riéng phan
theo thir tw [5], phuong phap graph tin higu,
cung céac tinh chat cua mang noron nhiéu
kha nang hoc, va tinh todn song song ca l6p, dung céac khéu tré lam vong phan hoi.

mang noron nhan tao. Tuy nhién, yéu diém Tor ([, [7,])’ cho cdc gid thict sau:
|6n nhat trong cac so do dung mang noron = Gia thiet 1:
thuong 1a yéu t6 cuc tiéu cuc bd va toe do

hoi tu ctia trong lrong mang ([5]. [7]). V& kha ning xap xi van nang (tao dugc cac

anh xa phi tuyén) ciia mang.
Bai viét nay trinh bay két qua nghién ciru vé

diéu khién dung mang noron nham dé ra mot " Gid thict2:

khung suon chung cho thiét ké diéu khién, Ve tinh khd vi cua ngB ra mang theo cic
diing mot phuong phap thiét 1ap ham chi ph| bién vao va trong lugng mang noron nhiéu
theo kiéu moi dé tao 1ap cac thuat toan huan 16p c6 phan hoi.

huyén mang nhin dang, diéu khién va triét
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M uc tiéu thiét ké

X&c dinh tin hiéu diéu khién u, nhim 1am
cho ngd ra cua hé thong bam theo ngd ra

dich Ya (t) V6i sai s6 chdp nhan duoc, khi
C&c trang thai trong vatin hiéu dleu khién 1&
bi chdn. Nghién cuiu nay nham thiét 1ap mot
dang ham chi phi kiéu méi dé huan luyén
cac mang noron trong nhin dang (hinh 2.1)
va diéu khién (hinh 2.2) tir sai so nhan dang

& —y_y,vésai s bim theo =Y~ 4.

o Doi tuong Y
. Didu khién
B |
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M6 hinh
# inh 2.1
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U Dai tuong
r Diu khien EDléu khién
Hinh 2.2 \ M5 hinh

= Ménhdél

Trong so d6 diéu khién ding mang noron
hdi qui nhidu 16p, théa man céc gia thiét 1
vaz2 thi co thé dua thém céc thong tin tir moi
truong didu khién vao qué trinh huin luyén
Mmang, thong qua viéc tao 14p ham chi phi
J=J,+J,

Vi hai thira sb:

Trong do: =9®). ham s sb va
J2 = IUW) . ham tinh chinh, 14y tir didu
Kién cia méi truong diéu khién va yéu to
hiéu chinh trong lrong mang.

Chuing minh: tham khéo chi tiét trong [9].

»  Giathiét 3:

Xa&c dinh duoc cac gia tri cuc tiéu cuc bod
Cc

I ciia qua trinh hudn luyén mang tir cac
phuong phép thong ké [7].

» Bod1:

Mang noron dung nhan dang theo hinh 2.1,
thoa m&n ménh dé 1 va céc gia thiét tir 1 dén

3, thi cip nhat trong lugng mang theo luat 1:
.
AW, (K) = 2" (k)[aé’\(/v” +VXY(k).VWY(k)}

+uVy,J,(W,k)
J, =J3,W) = pW)
vaWi (K +1) =W, (k) + AW, (K)

Khi chon hop ly: tbc do hoc H<Hw vi
thira sé hiéu chinh trong luong T <"w ;

thi sai 36 nhin dang hoi tu nhanh va khéng
¢6 cuc ti€u cuc bd.

Chuing minh: tham khao chi tiét trong [9].

» Gia thié 4:

Céc tin hiéu diéu khién u tai ngd vao la bi
chin va lién tuc theo cac bién ngd vao va

trong lugng mang.

= Bodé2:

Bo diéu khién ding mang noron theo hinh
2.2, thoa man ménh dé 1, cac gia thiét tir 1
dén 4, thi cip nhat trong lwong mang theo
luat2:

AW (k) = 2" (K)Q(V*,, Y(K))

— 1.(Vy I (K)(V*, U (K))
sa Wk +1) =W (k) + AW (K)

Trong d6 72 =72(%). ham tinh chinh, phu
thudc vao cac dleu k1en ciia mdi truong diéu
khién, Q: trong S5 dung cho trudong hop hé
MIMO.

Khi chon lya tham s6 diéu khién thich hop,
thi sai s6 bam theo ctia hé thong hoi tu dugc.

Chutng minh: tham khao chi tiét trong [9].
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I11. TONG HQP SO PO HE PIEU
KHIEN

3.1 H¢ diéu khién khi ¢6 nhiéu

Tu nghién clru thiét 14p bai toan, tac gia dé
ngh1 so db tong quét cho hé didu khién phi
tuyén dong gom hai khau chinh 1 mang
noron tao mé hinh va mang noron dung diéu
khién nhu hinh 3.1. Céac Mang nay dugce
huan luyén dung luat 1, 2 ciia bd @& 1 va 2.
Truong hop hé thong bi anh hudong cla
nhi &u thi can thém b triét nhiéu.

r U u y
c Y [as
- : ~ ', Déi tuong
Diéu khién didu khién|
Yo | Bo |°M
triét nhiéu
Hinh 3.1

3.2 Phét trién so do khéi

Nghién ctru phat trién mot bo triét nhiéu
dung mang noron dang phan cép, theo do bd
triét nhleu chi dugc dva vao hoat dong khi
yéu to thay d01 do nhiéu anh hudng [6n dén
bo didu khién, 1am cho sai sb diéu khlen gia
tang nhu hinh 3.2. Bo triét nhiéu gém hai
khau: khau phét hién va khau triét nhiéu.
Khéu triét nhiéu 1a mdt mang noron nham

tao tin hi¢u U nhim hé trg hoat dong cia
diéu khién chinh.

3.3 Pinh Iy huin luyén mang trong hé
théng diéu khién c6 nhiéu

d(k)
U=Upk * N — x
D tuong [——
u
. DK A 2 !
% 1Dieu‘khienj‘—
Théng tin tir Luat huan
A 3 .3 ' 2 > o 8
mdi trurdng dieu khién luyén
2
UTN Diéu khién phy |, |
(triét nhiéu)
Hinh 3.3
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Hé diéu khién vdi cdu trac theo hinh 3.3, bo
diéu khién gorn U= Upk +UTN, VOi cac
khau trong hé diéu khién dugc cap nhat theo
céc luat cua bd @ 1, 2; va khau triét nhiéu
duoc cap nhat dung luat 2, véi cac ngd vao
duoc dinh nghia lai, thi bao dam dwoc cac
tinh chat sau:
= Céc tham s6 mang va ngd ra la bi chin

Wt <M,, <M,

= S sb bam theo chin dudi
[[Jer)dz < M,

Chutng minh:

= Ng06rabi chan |y|£ My

U= Uy + Up

Do (3.2)

Goi:U": tac dong didu khién t5i wu thi
phuong trinh sai s6 diéu khién vong kin

e=Ae+blu* —uy, —ur,]

(3.2
"0 1 0 0]
0 .0 O
A=
0 0 00 0 1
-k, -k —ki |
0
0
b=|..
0
1 (3.3
k= (kn""’ kl) duoc chon dé nghiém cua

n n-1
phuong trinh §' kS 4 4k, nam &

nira phai mat phing phirc. Pinh nghia ham

V, = Lerpe

Lyapunov 2 (3.4)

dung (3.2) va phuong trinh Lyapunov

e

Y% :_%eTQe+eTPb[u*—uBK T
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< - %eTQe+ |eT Pb|(|u*|+ Ui [+ i D

;
e’ Pbu (3.6)
véu ciu ham Ve <O cin phai thiét lap gia
thiét sau: Qua trinh huan luyén mang dung
b6 dé 1 vabd d& 2 d& chimg minh duoc 1a
ca&c ngd ra cua mo hinh la bi chan, goi
F()=Toc () |4 ngd ra cia mang diéu
khién vadat "™ () 1a chan ten caa FO),
ket hop voi(3.3) ta co gia thiét sau:
= Giathiét 5:

Co thé tim duoc ham fu () vahing sb by,

SmChO |f()|S fM () Va0<b|_ Sb

Tir (3.1) va(3.6), cin thiét ké Y™ c6 dang:

U =1 *sgng’ Pb){luwl +é<fM +d (k) +|kTe|)}

(3.7)
trong d6 ham I* dugc dinh nghia nhu sau:
1% _ 1V, 2\£
0 V,<Vv

(3.8)

theo [6], x&c dinh V tir trén bién cia y nhu
Sau:
i 2’ min
V ="Em (M —suply,|)?
0 (3.9)

Thé (3.7) vao (3.6) vavsi 1" =1 taco:

V, < —%eTQe+|eTPb|E(|f|+|d(k)|+ k™€)

-, +|d(k>|+|kTe|)}

» Sai s bam theo ¢c6 chin duéi:

J;|€(T)|2d1'£|\/|e

C6 bo triét nhidy, véi ™ | (3.2) tré thanh:
e= Ae+ bW* “W)T () —bw—bu,
(3.12)

W* 13 trong lwong mang t6i uu, thi ding
luat1 va2, cho 1* =1 tacé:

pW* W) WWTF()
2
W
—e' p,bw—e"Pbu, (312)

Chimg minh 1a thira s6 thir hai ciia vé phai
(3.2) la khéng duong, chi can truong hop

=1 W<My o epoTr<0
Wy = S - w ) <o

\'/:—;eTQeJrI *e'p|

do WI=Mw =W* e 10312y

V< —leTQe —e' p,bw —e"Pbuy,,
2 (3.13)

, T
Do Y™ cua (3.7) cing déu véi € PP, tu
(3.13) tacd:

V< —%eTQe— e’ p,bo

(IdZ—ZeT p.bo+ | bof’

len H
+2lpbof

<~ 20m e 4 2o, bof

(3.14)
I X’len b . PN 7 A ” N .y ”
Vol latri riéng bé nhat cta q vagia sir

> 4 A
ﬂQmm—l’ |ay tich phan hai vé cua (3.14) co:

I @) dr<——=— M ©@+NO) +

len
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+— |pn b| |a)(r)| dr
’lQmm -1 I (3.15)
*  Dinh nghia:
2
A= m(h’(@HSUQN(OD

B=—"—|p,bf

va )“Qmin -1

Do A, B la cac gia tri duong va qua trinh

nhan dang dugc khop thlI |e(T)| dr <M,

Pinh 1y 1 d& dugc chirmg minh xong,
V. MO PHONG KIEM NGHIEM

Dung tay méy
hai khop cling
truyén dong
truc triép
bing dong co
DC nhu vé &
hinh 4.1, céc
dac tinh dong
hoc tham
khao theo cac
s6 litu do

*
|
|
|
| Hinh4.1
|
|
|
|
|
|
|
|
|

nhom Lewis [4], [11].

Chon I,=1m, I,=1m, m;=0,8kg, m= 23kg va
0=9,8Mm/s?, gia st khong c6 yéu to ma sat
truot. Bao cao nay nham chimg to 1a so do
diéu khlen bam theo dugc dé nghi ndy
khong can hiéu biét Ve chu tric hay cac dic
tinh déng hoc cua dbi tuong nhu thuong
thay trong phuong phap diéu khién thich
nghi truyén théng. Hé théng duoc kiém
nghi¢m thong qua phuong phap m6 phong
gia lap. Cac két qua minh hoa kha nang bam
theo ciia hé thong ¢ hinh 4.2 a,b trong diéu
Kién hoat dong binh thuong. Ngod ra, hé
théng con duoge thir nghi¢m khi c6 nhiéu 1a
tai thay dbi hay/ va tham sé bién d01 nhu &
hinh 4.2 ¢, d, e, f khi tai tang 1,5 14n so voi
dinh mirc. Hinh 4.2 g, h, i, j thé hién truong
hop téi g1am 1,5 lan so v&i dinh mifc. Trong
céc d thi ndy th| G, O & cac ngd ravaqd,,
qd, lan lugt 1a céc qui dao dich.
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Hinh 4.2a: q1 khi m2=mznom

i I
50 oo 150

Hinh 4.2b: g2 khi mz=mzom

i
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Hinh 4.2c: q1 khi m2=1.5m,,,,

Xuét hi¢n nhiéu
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Hinh 4.2d: g2 khi m2=1.5my,,

Xuét hién nhiéu
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25 . ‘ 25
al :

1 i
1} 50 100 180

Hinh 4.2¢ (o[ khi m>=1.5Mnom 0 5;0 1Ei|u 150

B trigt nhidu hoat dong Hinh 4.2i: g1 khi m2=0.5m,

Bo triét nhiéu hoat dong

i 1
i} 50 100 150

Hinh 4.2f: (O] khi m2=1.5m2nom R 5;0 1éo 150
Bo triét nhiéu hoat dong
25 : ‘ Hinh 4.2j: q, khi my,=0.5Myom

] B¢ tri¢t nhiéu hoat dong

i
10

. Bai viét d4 gioi thiéu so dd diéu khién clng

¥ L céc thuat toan huin luyén cac khau trong hé

N didu khién phi tyén dong khi oo tic dong

- nh|§u lélg; thay doi cua tai hay tham s6 diéu

khién. Pong thoi két qua mo6 phdong thuc

nghiém ciing cho thdy 1a céc thudt toan d&

Hinh 4.2g: g1 khi m2=0.5Mznom duoc ung dung thanh cong trong diéu khién

Nhi&u xuét hién mot tay may hai khép clng. Phuong phap

’ ndy khong can biét chinh xac cac dac tinh

dong hoc cia hé théng, diéu ndy cho phép

tmg dung b diéu khién noron dang ndy vao

nhiéu doi twgng diéu khién robot hay cac hé

théng phi tuyén khac nhau ma khéng phai
thay d6i nhiéu.

Hinh 4.2h: gz khi m>=0.5m2nom

Nhi€u xuat hién
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