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TOM TAT:

H¢ phi tuyén ton tai & hau hét cac hé théng diéu khién, dé dat diroc gia tri dau ra mong
muon doi héi phdi c6 mot bo diéu khién dwoc thiét ké phii hop véi tirng hé thong khdc
nhau. Véi doi héi ngdy cang cao ciia hé thong diéu khién chinh xdc can cé nhitng gidi
phap diéu khién ngay cang t6i wu hon. Ung dung tri tué nhan tao dé giai quyét bai todn
nay la mét trong nhitng huwdng nghién ciru hién dai va thiét thue nhdt. Mang No-ron
dung ham Xuyén tam co so (Neural network Radial Basic Function — RBFNN) la céng
cu manh trong nhdn dang va xdp xi hé phi tuyén. Tuy nhién RBFNN van cé nhwoc diém
doi héi nguoi stk dung phdi cé kinh nghiém trong viéc chon cdc théng sé hoc. Pé gidi
quyét van dé nay tdc gia dé xudt gidi phdp dimg Gidi thudt di truyén (Genetic Algorithm
— GA) gitip hudn luyén RBFNN tré nén dé dang hon khéng can phdi c6 nhiéu kinh
nghiém lywa chon cdc tham s6 hoc cho RBF.

Tir khéa: Mang no-ron Xuyén tam co s¢, Gidi thudt di truyén, Diéu khién phi tuyén,
Phan tich hé thong phi tuyén.

ABSTRACT:

Nonlinear systems exist on the most of the control systems, to achieve the desired output

values require a controller is designed to suit each different systems. With requring the
hight technology of the precise control system needs many control solutions is more
optimal. Applying the artificial intelligence to solve this problem is the one of the
morden research and practically. Neural nerwork Radial Basic Function (RBFNN) is
a powerful tool in the identification and approximate nonlinear systems. However,
RBFNN has a limitation to require to has experience in the selection of training
parameters of them. To resolve this issue, | propose Genetic Algorithm (GA) to training
parameters of RBFNN and do not need to have any experience to select of them.

Keywords: Neural nerwork Radial Basic Function, Genetic algorithm, Nonlinear
control, Nonlinear systems alnalysis.

1. PAT VAN PE
Piéu khién phi tuyén da duoc nhiéu nha
vat ly, nha todn hoc, nha khoa hoc, nha
thiét ké hé thong diéu khién, ... quan tam
tir cac hé thong, thiét bi don gian phuc
vu sinh hoat h%lng ngay, dén cac robot,
thiét bi khong gian vii try. Trong d6 cac

thay d6i don gian trong mot phan cuia hé
thong hodc c6 nhiéu loan tac dong dén
hé thng sé& tao ra cac hiéu ing phirc tap
va c6 thé dan dén tan ra ca hé théng diéu
khién. [1]

Céac phuong phap co dién trong diéu
khién phi tuyén ndi bac 1a cac phuong



phap phan tich mit phang pha; phuong
phap phan tich va diéu khién hé
Hammerstein; hé Wiener, phuong phap
can bang diéu hoa; 1y thuyét Lyapunov
hay phwong phap diéu khién truot
(Sliding Mode Control - SMC),... gilp
khai pha vé hé phi tuyén va diéu khién
phi tuyén. [2]
Vé6i cac hé diéu khién phi tuyén thuc
theo tac gia Nguyén Doan Durc [3] nho
su ra doi cia Ly thuyét tip mo (Fuzzy
logic — Klir 1997), mang no-ron nhan
tao (Artificial Neural network), Giai
thuat di truyén (Genetic algorithm), k§
thuat vi diéu khién gitip cho khoang
cach gitra Iy thuyét va thyc té cta hé phi
tuyén di dugc thu hep dang ké. Trong
do RBFNN véi1 khé nang tinh toan manh
mée béng cAu tric don gian, loai bo nhiéu
yéu t6 khong can thiét da cho thay kha
nang da dang cua viéc x4p xi ¢ thé thyuc
hién trén nhiéu ham phi tuyén mot cach
don gian va c¢6 dg chinh xac cao.
Tuy nhién RBFNN ¢6 nhuoc diém trong
xéc dinh cac tham sb hoc doi hoi phai co
nhiéu kinh nghiém dan dén kho tiép can
cho nguoi khéng am tuong hé thong va
cac ham trong RBF. Pé han ché diéu d6
tac gia dé xuat dung GA dé tin chon lai
cac tham s sao cho viéc chon lya céc
tham s6 RBF tré nén khong can c6 nhiéu
kinh nghiém gip qué trinh st dung
RBFNN tré nén dé dang hon ma van dap
g dugc kha nang nhan dang va xép xi
ham phi tuyén mot cach tdi wu hon so
v6i cac cach co dién trude day.

2. HUAN LUYEN RBFNN

2.1 Xdp xi mang no-ron RBF trén co
s0 phwong phdp giam Gradient: [4]

Xét mang no-ron RBF c6 vector ngd vao
x=[x; x, .. x, ]7 va chon ham
Gaussian h;j cho nat mang thir j , ta co :

@ - c,-o:)llz)

hi(t) = exp ( ijz

Ngo ra cia mang no-ron RBF dugc tinh
la:

y(t) = WTh = W1h1 + W2h2 + e+ Wmhm

Trong do:
i=1,2,...n: S6 ngd vao.
j=1,2, ..m:Sonitan.
w = [wy ... wy,]T: Trong s6 RBF.
C11 - Cim
c = [Cij] = [ ]1@1 gi4 tri
Cni - Cnm
tuong Ung cua tam ham Gaussian cua

mang j tai ngd vao thir i.

b = [by ... by]": Tri d0 rong cua
ham Gaussian tai mang no-ron j.
C6 2 cach dé toi wu do rong mang neural
RBF:

= C4ch 1: Trong thuit toan hudn
luyén nhanh (Quick training) d§ rong
duoc tinh theo dé xuat cua Looney hoac
Haykin [5]:

Theo Looney: b;, = hoac

1
VZ(2N)k/n
. _ dmax
theo Haykin: b = Nor (2.1) ’
Trong do. khoang cach I6n nhat cua cac
tam Aoy = Mmax {d(xi,xk): i,k €
0, ...N}}; N 1a s6 tam.
= Cach 2: Mdi gia tri do rong cua
ham Gaussian duoc udc lugng doc lap.
Diéu nay cd thé duogc tinh do léch tiéu
chuan gitra khoang cach dir liéu va tam
tuwong wng cua ching. Theo Moody and
Darken [6] dung nguy@n tic tiéu chuin
gia tri 1an can nhat r dé tinh d6 rong:



r
1
b= =) le-gl* @2
i=1

Trong do Ci(c6i=1,...,r)lartdm lan can
cua tam ¢j, thong thuong r = 2 hodc 3.
2.2 Hudn luyén RBFNN
a. Hudn luyén mot pha mang no-
ron RBF, gém 2 budc:
- Chon hé s6 do rong b theo (2.1)
hoac (2.2).

C. Hudn luyén ba pha mang no-ron
RBF, gom 3 budc:

- Cap nhat d6 rong b (nhu cach b)

- Cap nhat trong s6 W (nhu cach a)

- Cap nhat ttm ¢ theo phuong
phap giam Gradient:

0F
Acji(t) = —776_
x Cji
- U(Y(t) ym(t))W] bz

¢ji(t) = ¢;;(t = 1) + Ac l(t)

- Cap nhat trong s6 w theo phuong + a(c;i(t - )
phap giam Gradient —w;(t—2))
Aw;(t) = —77 — =) — ym(©)h; 2.3 Xdp xi thuc nghiém khi lya chon
w; () = w; (t — 1) + Aw; () Z;;, ,et:,t_lm s6 RBFNN theo kinh

+ (t—1 o o
a(w;( ) Xét doi twong phi tuyén roi rac nhu
—w;(t —2))

Trong dé: n € (0,1)1a hé sé hoc
va a € (0,1) 12 hé sb khuéch dai.
b. Hudn luyén hai pha mang no-ron
RBF, gom 2 budc:
- Cap nhat @6 rong b theo phuong
phap giam Gradient [4]

OE
Ab;(t) = —n— -
J ab; 2
_ _ Ix =5l
- U(y(t) ym(t))hj b?’

+a(b;j(t —1) — b;(t — 2))

- Cap nhat trong s6 W theo phuong
phép giam Gradient (nhu céch a)

k—1
sau: y(k) = u(k)® + %

Xét cau tr(ic mang neural RBF c6 2 ngd
vao, 5 nat an, 1 ngd ra.

Co: x(1) = uk);x(2) = y(k); a =
0.05; n = 0.15; Céc trong s6 ngd vao
duoc chon ngau nhién trong khoang
[0,1].

Cac tham s6 dau vao cua ham
Gaussian dugc chon nhu sau:

. —[-1-05005 1] b =

J -1 -050051

j=1,2,34,5

Chon ngd vao la ham u(k) = sint;
t=kxT;T=0.03.



Mo phong trén Matlab Simulink 2012b:
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Hinh 2.3: Hudn Iuyén 3 pha

Hinh 2.4: Biéu dé hiéu sudt hudn luyén
1 pha, 2 pha, 3 pha ciia RBFNN

Bang 2.1 Hiéu suit huin luyén mot pha, hai pha, ba pha cia RBFNN

Thoi diém (s)| 0.03 2.1 4.2 6.3 8.4 105 | 126 15
1 pha 2,444 -0,119 -0,409 0,131 -0,123 -0,412 0,123 -0,144
2 pha -0,928 -0,056 -0,059 0,009 -0,056 -0,059 0,008 -0,050
3 pha -0,481 -0.063 -0,061 0,012 -0,063 -0,060 0,011 -0,058

Theo sb liéu so sanh tai Bang 2.1 va
Hinh 2.4, thuc nghiém trén cho thay viéc
huan luyén mang no-ron RBF c6 hiéu
suat cao khi c6 thé huan luyén nhiéu pha
hon (& day la 3 pha vai viéc cap nhat
huan luyén ba tham sb b, w va c). Tuy
nhién day la viéc xap xi theo cac tham
s6 1y twong va co nhiéu kinh nghiém

chon lya tham s6 mé phong. Van dé tiép
tuc dugc dat ra la véi cac bai toan viéc
xac dinh cac tham s trén tré nén khé
khan, hay no6i khac hon chi c6 thé cap
nhat mot trong céc tham sb do rong (b)
hay trong s6 (w) hay tam (c) thi hiéu suat
huan luyén co dat duoc yéu cau hay
khong.




2.4 Xdp xi thwe nghi¢m khi lwa chon cdc tham sé6 RBFNN ngdu nhién:

Xét d6i twong nhu muc 2.3 nhu trén, nhung thuc nghiém véi viéc chon ngau
nhién tham s6 cho RBF (& ddy chon ngau nhién b = 0.1), két qua xap xi nhu sau:
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Hinh 2.6: Hudn luyén 2 pha
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Hinh 2.8: Biéu dé hiéu sudt hudn luyén
1 pha, 2 pha, 3 pha cua RBFNN

Bang 2.2 Hiéu suit huin luyén mot pha, hai pha, ba pha cia RBFNN véi b = 0.1

Thoi diém| 003 | 2.1 42 | 63 | 84 | 105| 126 | 15
(s)

lpha 0350 1.070 -1.191 -0,155 0,996 -1,204 -0,148 0,763
2pha 0888 -0224 -0,208 -0,011 -0,216 -0,170 -0,058 -0,107
3pha  -0,138 -0.137 -0,235 -0,032 -0,121 -0,019 -0,041 -0,056

Tir céc s6 liéu cua Bdng 3.2 va quan sét
trén biéu d6 so sanh Hinh 3.8 cho thay
sai s6 hudn luyén rat cao (sai s6 1y tudng
1a bang 0) néu chi luyén mang 1 pha hay

2 pha khi chon tham sb d6 rong b khdng
phi hop (b = 0.1). D& c6 thé xap xi tot
hon chi c¢6 thé hudn luyén 3 pha diéu nay
s& khé thuc hién ¢ nhitng hé phi tuyén



phirc tap, do d6 can tim cac giai phap tdi
wu khac dé hé théng c6 thé dat duoc xép
xi tét hon va ap dung duoc cac hé phi
tuyén phirc tap hon.
3. GIAI THUAT DI TRUYEN
Giai thuat di truyén (Genetic Algorithm
— viét tiat GA) 1a mot k¥ thuat ciia khoa
hoc may tinh gitp tim giai phap tdi vu
cho cac van dé tbi vu t6 hop. Trong k¥
thuat diéu khién, GA cé thé gitip tim
kiém t6i vru trén toan bo khong gian cia
cac bién trang thai. Giéng nhu trong tu
nhién, bﬁng qua trinh chon loc, thuat
gen s& tim ra nhitng nhiém sic thé t6t
nho hiéu chinh thong tin cua chung
theo yéu cau cua bai toan, ciing nhu tdi
wu cac tham sb ctia bo diéu khién. [7]

CAu triic cua giai thuat di truyén don
gian bao gom 3 toan tr sau:

- Tai tao (Reproduction).

- Lai ghép (Crossover).

- Dot bién (Mutation).
Giai thuat di truyén bao gom cac budc
sau. . . .
1. Khoi tao quan thé ban dau (céc dap
an ban dau cua bai toan).

2. Xa&c dinh gia tri ham muc tiéu
(Fitness) cho ca thé trong quan thé.

3. Tao ra quan thé méi bang cach lai
ghép chéo (Crossover) tir cac cé thé
hién tai c6 chon loc (Selection), dong
thoi tao ra cac dot bién (Mutation)
trong quan thé méi theo mot xac xuat
nhat djnh.

4. Xac dinh ham muc ti€u cho cac
chuodi nhiem sac thé méi va dua no vao
trong mot quan thé maoi.

Progam: Hu4n luyén mang no-ron
RBF c6 két hop GA
Begin
Pha 1: Dung GA tim tham s6
d6 rong hq toi vu
Begin
- Cung cép tham s dau vao:
Tin hiéu ra mong mudn (Yout) Va tin
hiéu ra thuc t& (Ym)
- Khéi tao quan thé ha.
- Giai mi nhiém sic thé (ma
héa nhi phan hq).
- Cap nhat giai phap tot nhat
hQ(i) sau cho (YOut - Ym) -0
End
Pha 2: Xac dinh trong s6 W cia
mang no-ron RBF: Nhu 11.2
End

5. Néu diéu kién dimg da thoa min
thi ding lai va tra vé chudi nhiém sic
thé t6t nhét cung voi gia tri ham muc tiéu
cta n6, néu khong thi quay vé bude 3.

3.1 Dung GA trong huén luyén hai
pha mang no-ron RBF
Thuat toan dé xuat huan luyén hai pha
mang no-ron RBF ¢6 st dung GA bang
cach ding GA tdi vu mét pha d6 rong b,
pha con lai cap nhat trong sé6 w theo
phuong pham gidm Gradient



3.2 Két qua thwe nghiém két hop GA-RBF trong bai toan 2.4
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Hinh 3.1: Hiéu sudt hudn luyén 2 pha
mang no-ron RBF co su dung GA

Hinh 3.2: So sdnh hiéu sudt xc@rp xi hai
phuwong phap co va khéng co két hop GA

Két qua mo phong trén cho thay xap xi
mang no-ron RBF c¢6 két hop véi Giai
thuat di truyén trong t6i wu do rong dat
dugc hiéu suit tét, co thé ap dung cho
cac dang toan phuc tap khi khong can
chu trong viéc chon d0 rdong hay tdm cua
mang no-ron RBF.

Thuat toan huan luyén mang No-ron
RBF theo phuong phap giam Gradient
da co thé xap xi hé phi tuyén twong ddi
t6t. Tuy nhién véi két qua thuc nghiém
nay cho thay loi thé cua viéc két hop
v6i Giai thuat di truyén trén khia canh
t6i wu d6 rong cuia mang no-ron RBF
cho két qua tot hon trong khi thoi gian
Xt 1y 1a nhu nhau. V6i nghién ctu nay
da dong gop vao cac cong trinh nghién
cliu V& Xap xi dbi twong phi tuyén bang
mang no-ron RBF vén 1a giai thuat wu
thé nhat ddi vai hé phi tuyén.

4.  KET HOP RBFNN VA GA

PIEU KHIEN CANH TAY MAY
HAI BAC TU DO

Vi viée két hop thanh cong 2 giai thuat
GA va RBF ¢ trén, tac gia thuc hién

nghién ctru ap dung vao canh tay may 2
bac ty do. Mo ta toan hoc canh tay may
2 bac tu do [4]

X2 4

(x1.X5)

° 3
Hinh 4.1: M6 ta canh tay mdy hai bdc
tw do trong khong gian Descartes
Phuong trinh cdn bang dong cia tay

may hai bac tu do ¢6 dang:
M(@)q+C(q.q)q+6(q) =7 (41)
Trong dé: M(Q): Ma tran quan tinh n x
n; C(q,q): Matran luc huéng tam va
hé sb Coriolis n x n ; G(g): Ma tran
lwc hudng tdm va momenn X 1
bat. x; =q, x, = q, thay vao
phuong trinh (4.1) ta duoc:



{5‘1 = X2 4.2
Xy = M7 () (t — C(xq, X2)x5 — G(xl))( 2)

Luat diéu khién sit dung RBF [18]:
T=Tn +Kyr+K; f rdt + T, (4.3)

Luat dap wng caa hé:
t

M(q)r+ C(q,q)r + Kif rdt =
0

—Kpr = Kpsgn() + | (W) - (B (@)} - +
(W) B} 4 + [(We) - B (@} + B a4)

Diéu khién canh tay may hai khép
bang RBF theo phwong phap Runge-
Kutta-Merson [4] [8]
Xét doi tugng dicu khién tay may 2 bac
theo phuong trinh (4.2)

= Thoi gian lay mau T = 0.001s.

= Quy dao mong muén qgq =
Gap = sin(2nkT); thoi diém ban dau
q = [0 O]T,go = [9 0]"

» Luat dicu khién st dung RBF
theo (5.3), luat dap ung theo (5.6).

= Cac tham sb dugc chon 1a:

Kp:[lgo 180]’ Ki=
[180 180]’ KT:[Odl 091]’
- ¢

= Chon ciu triic mang RBF 2-5-1,

cac tham s6 duoc chon theo ham

-1 05 0 05 1]

] —1 05 0 05 1F

tham so b = 0.1 (chon ngau nhién), thoi
diém ban dau trong sé bang 0.

Gaussian  ¢; = [

Theo luat dap ung (4.4) ta chon:
Ty (i,1) = 5.0, T (i, 0) = 10,
T (i, i) =5.0,i =1,2,3,4,5.
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Hinh 4.4: Tin hiéu diéu khién cénh tay
may hai bdc tw do



M0 phéng so sanh giira viéc chon tam:
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Hinh 4.6: So sanh dép img toc dg khi chon tam ci khac nhau
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Hinh 4.7: So sanh ddc tinh diéu khién khi chon tam ci khac nhau




Tir mo phong trén ta thiy dap tmg toc
do mong mudbn cia viéc chon tdm ci
khong hop 1y din dén hé bam chim
hon. Bé it chiu anh huong bdi viéc
chon tam ¢i cling nhu d6 rong b, tac gia
dé xuét toi uu viée chon hé sb do rong
(hg) RBF bang giai thuat di truyén cho
hé canh tay may 2 bac tu do ma khong
can phai dua vao kinh nghiém chon
tam hay d¢ rong RBF.

Két hop giai thuit di tryyén d?z t6i wu
do rong RBF cho hé dieu khién canh

tay may 2 béc ty do sir dung phuwong
phap diéu Kkhién Runge-Kutta-
Merson

Tbi vu d6 rong RBF bang giai thuat di
truyén dua trén sai s6 toc do trong
luyén mang 2 pha.

» Pha 1: Lua chon tham s6 do
rong hq biang GA, ap dung nhu dé xuit
4.1 cua luan van nay.

= Pha 2: Cap nhit trong sé w theo
phuong phap giam Gradient.
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(b) Pdp wng vi tri khi
su dung RBF co két hop GA

Hinh 4.8: So sdnh dap iing vi tri khi chwa c6 va cé két hop GA
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(d) Dp iing toc dj khi
su dung RBF co két hop GA

Hinh 4.9: So sdnh dap ing toc do khi chwa ¢6 va c6 két hop GA
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(b) Dt tinh diéu khién khi
su dung RBF co két hop GA

Hinh 4.10: So sanh ddc tinh diéu khién khi chwa cé va cé két hop GA

Bing mé phong thuc nghiém cho thay
thuat toan cia RBFNN két hop véi diéu
khién t6i uu vong kin Kp, K¢ theo
phuong phap Runge-Kutta-Merson
diéu khién ddi twong phi tuyén (¢ day
la canh tay may hai bac ty do) la dat
duoc yéu cau. Tuy nhién viéc két hop
thém GA lam cho hé théng phi tuyén
nay da toi uu cang duogc toi uu thém,
dong thoi c6 thé bo qua kinh nghiém
lya chon cac tham s6 nhu tam ci, d6
rong b, hé sé hoc alpha (a) cho
RBFNN.

1. TAI LIEU THAM KHAO

5. KET LUAN

Viéc két hop RBFNN véi GA trong
phuong phap Runge-Kutta-Merson
diéu khién dbi tuong phi tuyén bé qua
yéu t6 kinh nghiém trong viéc chon cac
tham sé cho RBFNN la mot budc
ngoac quan trong mé ra phuong phap
mai gilp dé dang nhan dang va xu ly
tin hiéu phi tuyén. Pay 1a tién dé c6 thé
phét trién huéng nghién cau xap xi
nhiéu dang d6i tugng phi tuyén khéc
nhau chi st dung hai cdng cu manh cua
tri tué nhan tao la RBFNN va GA.
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