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VA DIEU KHIEN HE PHI TUYEN
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Tém tit: Mang xuyén tam tong qudt (GRBFN) do M.Azeem duwa ra givip ta cé thé loai bé di vai

bién hodc vai ludt trong mang mo noron khi nhén dang moét hé phi tuyén. Mang mo-noron hoi quy
RNFN cua Zhang co kha nang nhan dang, dw bao tam xa va diéu khién tot cac doi tuwong dong hoc

phi tuyén. Bai bdo két hop wu diém ciia hai mang trén ta xdy dung mang mo-noron dé img dung

nhan dang va diéu khién cho ddi twong phirc tap nhiéu vao ra. Mang mo-noron c6 ham lién thudc
mo tong quat GFM va cdu triic mang héi quy dé mé hinh héa hodc dw bdo hé thong. Ngodi ra iing

dung két qua mang mo noron dé xay du"ng bé diéu khién dy bdo tam xa dwa trén thudt toan GPC dé

diéu khién doi twong déng hoc phi tuyén nhiéu vao mét ra MISO.
T khoa: Generalized radial basis function network (GRBFN), Recurrent Neuro-Fuzzy Network

(RNFN), generalized fuzzy model (GFM).

I. GIOI THIEU

Mang noron dugc chi ra c6 kha ning xap xi
ham réat tot bang cach dua vao tap dir lidu vao
ra.Tuy nhién mdt han ché kha ning ciia mang
noron truyén thong 1a rat khé ching minh tinh
bén vitng khi sir dung tap dir liéu ma ta khong
hiéu biét duoc. Mot cach tiép can dé cai tién
tinh bén viing ctia mo hinh 1a két hop dong thoi
hiéu biét vé mo hinh va tap dit liéu vao ra. Thuc
té, mot qué trinh phi tuyén c6 thé dugc tuyén
tinh hoa timg phan xung quanh diém lam viéc
riéng 1¢ va mo hinh tuyén tinh hoa cuc bd co
hiéu qua trong lan can diém lam viéc do.

Trong nhitng dbi twong phi tuyén ma khong
mang tinh chét dong hoc thi cAu tric mang mo
noron truyén thang cho két qua huan luyén tét
va thoi gian huin luyén nhanh chéng nhu duoc
chi ra & [1]. Viéc xay dung mang xuyén tam
tong quat GRBF do M.Azeem dua ra gitip ta c6
thé loai bo di vai bién hozc vai luat trong mang
mo noron khi nhan dang mot d6i tuong phi
tuyén. Nhugc diém: Mang GRBF chua tng
dung duoc cho nhan dang va diéu khién d6i
tuwong dong hoc phi tuyén.

bPoi tuong c6 tinh dong hoc cod thé duoc xép
xi t6t bai mang noron hdi quy [2] va [3]. Zhang

[4] d4 dua ra mdt dang ciia mang md noron hdi
quy trong d6 dau ra ctia mang duoc phan hdi t6i
dau vao qua modt vai phan tir tré. Ca hiéu biét
qua trinh va dit liéu vao ra duogc str dung dé xay
dung mo6 hinh nhdn dang va mo6 hinh dy bao.
Kién thirc qua trinh dugc dung dé phan chia tinh
phi tuyén qua trinh thanh nhiéu ving lam viéc
cuc bd va giup do cho viéc khdi tao cac trong )
mang tuong trng. Dt li€u vao ra qua trinh dugc
su dung dé huin luyén mang. Ham lién thudc
cia ché do hoat dong cuc bd dugc nhan biét va
mo hinh cuc b dugc tim ra trong sudt qué trinh
huin luyén. Do d6, mang md noron héi quy khi
huin luyén thanh cong c6 thé cung cip cac mod
hinh nhan dang hodc mé hinh dy bao tét.

Mo hinh mang mo noron hdi quy c6 thé duoc
str dung dé xay dung mé hinh du bao ¢6 chira cac
md hinh tuyén tinh cuc bd c6 dang chuan didu
khién du bao tir hdi quy c6 tich phan CARIMA.

Vis: FA Y+ Ap Vi = biAu, +

byAuy_y + - byAuy . (1)

V&i mbi mod hinh cuc bo (1) ta ¢ thé ding
b diéu khién du bao GPC [5]. Cac bo diéu
khién cuc bd nay duoc két hop qua giai mo
trong tam COG dé xac dinh mo hinh phi tuyén
toan cuc.
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Mang RNFN cua Zhang c6 kha nang nhan
dang, du bao tdm xa va diéu khién tdt cac ddi
twong dong hoc phi tuyén nhung nhugc diém 1a
mang hdi quy nén thoi gian hun luyén mang
lau khong dap g thoi gian thye.

Bai bao nay nhim dua ra mang md noron
GRFN khic phuc cic han ché trén va trinh bay
mot s6 vi du md phong. Bai bao duoc chia lam
4 phan: Phan I 1a gi6i thiu tong quan. Phan II
xdy dung mang mod-noron GRFN. Phan III néu
cac ung dung mang GRFN trong nhdn dang,
xdy dyng mo hinh du bao va cubi cing la sir
dung két hop véi phuong phap diéu khién dy
bao GPC dé diéu khién cho dbi twong MISO.
Cubi cung két luan & phan IV.

II. MANG GRFN

A. Mo hinh GFM

Mdi quy tic trong md hinh GFM anh xa tap
mo con trong khong gian dau vao A ¢ R™
thanh tdp mod con trong khéng gian dau ra
B¥ ¢ Rva co dang :

R*: Néu x* 1a A" thi y 1a B(F%(x%),v%) (2)

Vi k=1..m luat. Moi ludt cé vector tin hiéu
vao x* < X vector tin hi¢u vao hé théng diy di.
A¥va B¥1a ki hiéu ngdn ngir cia tdp mo md ta
trang thai bién dau vao x; va bién dau ra y theo
dinh tinh.

Ham Gauss c6 dang tong quat cho bién tién
dé A" nhu sau :
A
pi(x) = EXIJ(— |‘—’“

1) =

exp(—lay;. (x; — ¢;) ") (3)
ci la trong tam, o, hay (1/a,,) labé rong

, Li diéu khién hinh dang ham lién thudc bién

vao X; cua tap mo tuwong ung véi luat k. v, 1a

tham sO .

B. Kién triic mang hoi quy

Hinh 1: Kién triic mang RNFN

Mang hoi quy RNFN gom 5 16p : 16p dau
vao, 16p mo hoa (Fuzzification) , 16p luat hop
thanh (Rules) , 16p ham hay con goi la 16p mo
hinh cuc by (Function), va 16p giai mo
(Defuzzification) dugc chi ra trong hinh 1.

Ta xay dung mang GREN c¢6 kién triic mang
RNFN va ham lién thudc tong quat GFM. Mang
GRFN gitp ta co thé nhan dang dugc ddi tuong
dong hoc phi tuyén. Ngoai ra mang truyén thang
bao gio cling huan luyén nhanh hon mang hoi
quy nén ta cai bién mang GRFN tir hoi quy sang
truyén thang bang cach lay tdp miu dau ra lam
thanh dau vao 40 mang md noron khién thoi
gian huin luyén mang nhanh hon ma vin cho
két qua diéu khién ddi twong tét.

vvvvvvv
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........
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Hinh 2a, b: Ham lién thugc bién tién d@é trude khi hudn luyén Al

-Af va Al — AS twong timg



Do thi dap ung tin hieu mau, dau ra mang me-noron va sai lech trong tap du lieu huan luyen

Performance is 1.40362e-005
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Hinh 3(a). Qud trinh hudn luyén va (b)Pdp vmg dau ra mang mo-noron, gid tri mdu

va sai léch sau khi huan luyén

III. UNG DUNG MANG GRFN

A. Trong nhan dang

Xét d6i tuong phi tuyén co 2 dau vao la
x={x1, X2}’ va 1 dau ra y duoc md ta boi
phuong trinh (4) dudi day. Ta s€ md hinh hoa
dbi tugng bang cach chia ddi twong thanh 6
vung tuong ung voi 6 luat. Xem xét ham sau tao
dit liéu dau ra:

4y =2+ 21.’11:'5 cos(3y) + 1.5sin 3x, —

dy

voi0 < xy,x; =3

#)

Vé6i x 1a bién lién tuc ngdu nhiéu khong

tuong quan voi nhau.

Ta khoi tao cic tham s clia mang ngiu
nhién va chia thanh 6 luat nhu dué6i day, néu két
qua huin luyén chua tét thi ta ting dan sb luat
1én hodc tang bac mo6 hinh cuc bo 1én.

Puong cong md duge dung dé khdi tao mang
va cac luat nhu sau (hinh 2a,b) :

RY: Néu x; 1a A% A x, 1345 thiy 1a B (
f¥(xy(t—1)),10.28).

Véi k=1:6 1a tht tu ludt; f*(x,y(t— 1)) 1a
mo hinh cuc b cuax vay,

Hinh (3a) mo ta qua trinh huin luyén lam
giam gia tri ham muyc tiéu J xudng con 4.107(-
6). Ta thay chi sau khoang 20 1an huan luyén 1a
cho két qua dat yéu cau.

Nhén xét ta thdy cac bién ma co ham lién
thudc ma gan bang 1 trong toan bd dai xét thi
trong phép tich md c6 thé bo di.Tur hinh 4a va
4b ta thay x; & ludt 3,4,5 va x, & luat 2 x4p xi
bang 1 trong toan bd dai quan sat nén ta cd thé
loai bo ra khoi ménh dé tién dé ma khong anh
hudng dén két qua.

Nhu vay bd luat sau khi dugc huén luyén sé&
nhu sau (hinh 4a,b):

R': Néux; 1a Al ax, ladlthiylaB' (f*(x,v(t—1)),9.5861).
R%: Néux; la Al thiy1a B> (f*(x, v(t — 1)) 10.2096).
R’: Néu x, lAASthiylaB® (F(x, y(t — 1)), 9.4928).
R*: Néu v, laAithiylaB* (F%(x, v(t—1)), 11.2521).
R>: Néu x, laASthiyla B (F3(x,y(t — 1)), 10.4430).
R® Néux; 1a A5 a x, laASthiylaB® (F%(x, y(t — 1)), 10.2778).
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Hinh 4(a,b). D6 thi ham lién thudc bién X1 va X2 sau khi hudn luyén

B. Ung dung trong diéu khién

Tuong ty nhan dang, mang mo noron con dung
lam mo hinh dy bao tdm xa. Chu tric lién két
mang md noron dua ra ciing véi mo hinh tuyén
tinh cuc b cho phép xdy dung bo didu khién du
béo tong quat GPC cho mbi mé hinh du bao tuyén
tinh dia phuong. Pau ra bo diéu khién toan cuc dat
duoc bang cach két hop dau ra mé hinh con qua
phuong phap giai mo trong tim COG. Diéu niy
minh hoa rang dé p; va u; 1a ham lién thudc va dau
ra bo diéu khién cuc bd cho ving lam viéc thi i,
va tinh ra gia tri déu ra toan cuc u nhu sau

w=ZEht

PRESYTE

Mo hinh tuyén tinh cuc bd gian doan thoi
gian cta Jang [4] c6 nhuoc diém cta md hinh
trén la tinh gid tri ux hay Awg, tir gia tri yg cung
thoi diém. Diéu nay 1a phi thuc té vi ta chua thé
do dugc dau ra & thoi diém k khi dang tinh toan
tin hiéu diéu khién. Vi vay phuong trinh phai
stra lai thanh:

v(t) = a,.¥(t—2) + -~ +a,,. y(t —no—
1)+ byu(t—1)..+ b u(t—ni). (6)

Diéu nay 1a hop 1i vi tin hiéu dau ra do duoc
khong thé quay trd lai dé tinh toan tin hiéu diéu
khién ma n6 phai tré di mot vai budc vi do ban
chat vat 1i von c6 cua thiét bi do, cua truyén dir
liéu va vi xur 1i.

Vi du 2 : Thiét ké bd diéu khién cho ddi
tuong néu ¢ vidu 1.

Str dyng mang md noron dé xay dung md
hinh dy bao dugc chia thanh 8 viung cuc bg cho
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ddi tuong ¢ vidu 1 nhusau: Vung1:

Vis1 — 050y, + 047y, — 098y,_3 =

0.75Au; — 2.69Au; — 0.22Au}_, —

0.15Aui_,

Viung 2 :

Vis1— 04644y, _; — 01646y, > —

0.3711yy_3 = 0.4180Au; + 1.4127Au; +

0.7770Au}_, + 1.3325Aui _,

Ung voi md hinh du bao cuc bd cho mdi
ving ta s& tinh ra dugc tin hiéu diéu khién cuc
bd cho mdi ving va déau ra toan cuc hay tin hi¢u
diéu khién dua vao ddi tuong s€ dugc tinh toan
dua theo [5].

Két qua mdé phong sau khi duoc diéu khién
nhu hinh 5a.b.

IV. KET LUAN

Nhu vay ta da diéu khién dugc ddi tuong dong
hoc phi tuyén c6 nhiéu ddu vao mot dau ra MISO
von ludn kho khin trong viée st dung cac phuong
phép diéu khién thong thuong. Bai béo di mo
rong minh chirng dugc kha nang sir dung mang
mo noron dé diéu khién dbi tugng khong chi la
gom nhing dic tinh tuyén tinh timg doan ma con
c6 thé 1a phi tuyén. Pong thoi ta di chinh sira lai
phuong phéap diéu khién GPC cho phu hop logic
thyc tién. Mang hdi quy ma Zhang ding dé xay
dung mo hinh du bao thuong c6 thoi gian huan
luyén rat 1au va cham hoi tu. O day bai bao da néu
cach thirc dé hudn luyén mang dy bao nhanh hon
ma van dap tung dugc két qua t6t nho sit dung
chinh tin hiéu mau dau ra quay lai lam tin hiéu
dau vao 4o. Cach thirc nay dd dugc Narenda néu



trong tai liéu [6] va nd giip cho md hinh c6 thé -
phu hop véi doi tugng online. 1 I m— . b
N
[ ,
.
(b)
i — o . . Hinh 5 (a) PBap ting doi {wang
() (b) tin hiéu diéu khién
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Abstract
NEURO-FUZZY NETWORK FOR IDENTIFICATION
AND CONTROL OF NONLINEAR SYSTEMS

Unnecessary rule can be eliminated from a rule base and an insignificant variable from a learned
rule can be removed using the parameters of learned GRBF network when identified nonlinear
system. Jang proposed the recurrent neuro-fuzzy network RNFN which have been shown to possess
good function of identification, long-range prediction and control capability for dynamic nonlinear
systems. This paper combines the advantages of the two networks to build fuzzy-neural network which
identify and control for a complex objects. Fuzzy-neural network with generalized fuzzy function of
GFM and recurrent neuro-fuzzy network is used for modeling or forecasting system. Then the results
of fuzzy neural network is used to build a long-range predictive controller based on GPC algorithm to
control nonlinear dynamics object which is multiple input-single output MISO.
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