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TOM TAT: Bai bao nay d& xuat mot mang noron mo phan hoi (RFNN) dé nhan dang céc hé théng dong phi tuyén. RFNN
dugc dé xuat 1a mot mang nhiéu 16p véi cac vong hoi tiép véi mot hé thdng suy luan md duoc xay dung tir mot tap quy tic
mo. Cac don vi phan héi dugc thém vao trong I6p thir hai cia mang no-ron mo dé xay dung céc két ndi thoi gian trong
RFNN nham tang phan tng dong. Su thay ddi nay cho phép RFNN cé thé mé rong kha ning co ban ciia mang no-ron mo
bao gom céc van dé vé thoi gian va bo nhé. Vi don vi phan hdi 1a vong phan hdi noi bo, né thu duoc phan hdi dong cua hé
thdng, do d6 hiéu suat mang c6 thé duoc cai thién. Cudi cung, RENN dugc dé xuit dugc s dung dé nhan dang mot hé
thdng dong phi tuyén. Cac két qua md phong cho thay hiéu qua tét cia mang RFNN dugc dé xuét.

TU KHOA: Bg loc thich nghi, b diéu khién m6 hinh tiéu nao, bg diéu khién cim xiic dai ndo, hé thang suy lugn mo, hé
thong khz nhieu

ABSTRACT: This paper proposes a recurrent fuzzy neural network (RFNN) for the identification of nonlinear dynamic
systems. The proposed RFNN is a recurrent multilayer network with a fuzzy inference system constructed from a fuzzy rule
set. Recurrent units are added in the second layer of the fuzzy neural network to construct the temporal connections in the
RFNN to increase dynamic response. This change allows the RFNN can expand the basic ability of the fuzzy neural
network including temporal and memory problems. As a recurrent unit is an internal feedback loop, it obtains the dynamic
response of a system, hence the network performance can be improved. Ultimately, the proposed RFNN is used to identify
a nonlinear dynamic system. Simulation results show the effectiveness of the proposed RFNN.

KEYWORDS: Adaptive filter, cerebellar model articulation controller, brain emotional learning controller, fuzzy inference
system, noise cancelation system

1. GIOI THIEU

- Hé théng logic md va hé thdng mang noron dugc biét
den thong qua vige khai thac kha ning xir Iy tri thic giong Nghién ctru nay dé xuit mot cau trc mang no-ron mo
nhu con ng:rol. Pan (Tay, cac her thong Iogl‘c mo va manﬂg phan hdi (RENN), duoc nang cip tr mang noron mo
noron truyén thang da duoc chimg minh 1 thu dugc Kt NNy RENN duoc d& xust 1a mot mang lién két nhidu 16p
qua thanh cong trong vicc nhan dang hé thong [1-3]. MOt i cac vang héi tiép véi mot hé théng suy luan mo duoc
hé thong IOg'C mo sit dyng thang tin _ngon ngu o the mo xay dung tir mot tap hop céc quy tac mo. Viéc thém céc két
hinh héa cac khia canh dinh tinh cua tri thirc va quy trinh ly néi phan hol trong 16p thir hai ctia mang noron mé s& phét
luan ctia con nguoi ma khong can sir dung cac phan tich e cac méi quan h¢ thoi gian dugc nhiing trong RFNN.
dinh luong chinh xac. N6 ciing s¢ hitu mot sb wu dlem noi Stra dbi ndy cung cip cac y&u té bo nhé caa RFNN va mé
bt nhu manh mé, khong can mg hinh, dinh ly Xap xi pho rong kha ning co ban cia mang noron md bao gom cac van
quat va thuat toan dya trén quy tac [4]. dé vé thoi gian va bo nhé. Vi no-ron phan hdi c6 mét vong
Mang no-ron truyén thing la céc lugc db anh xa dau  phan hoi bén trong nén nd ¢6 thé nhan cac phan hoi dong
vao hoic dau ra tinh c6 thé uéc lugng mot ham lién tuc dén  cua mot hé thong ma khong can bat ky phan hoi bén ngoai
mot mirc d6 chinh xac tdy y [5-7]. Nhiéu nghién ctu st nao. Kha ndng quan trong cua mang nay la dap tng tot khi
dung hé théng mang noron m& (FNN) cho céc ung dung  dau vao hodc dau ra thay doi theo thoi gian. Do do, mang
khac nhau da dugc thuc hién, trong do két hop kha ning ~ noron mo phan hoi (RFNN) la mét anh xa dong. Cudi
suy luan mé trong viéc xir Iy thong tin khéng chac chanva  cung, RFNN dé xuat duoc ap dung dé nhan dang mot hé
khi nang cia mang noron trong viéc hoc tir cAc qua trinh  thong dong phi tuyen. Két qua md phong cho thay tinh hiéu
[8-10]. Tuy nhién, mang noron md la mot 4nh xa tinh. Néu  qua ciia mang RFNN dé xuat.
khong c6 su trg gidp cia d6 tré duoc khai thac, mang noron
mo& khong thé biéu dién mot anh xa dong. Mac du nhidu  Received: 21, 05, 2021
nghién ctru da sir dung mang noron mo Véi do tré dugc ~ Accepted: 03, 12,2021
khai thac dé giai quyét cac van dé dong hoc, nhung no lai Corresponding: Huynh Tuan Ta
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2. CAU TRUC CUA RFNN
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-0 m—mo

Lép thir tw
L&p ngo ra

Lé'p thir ba
Lo'p luat me

Lo'p thir hai 6~ GMGI -0-06-
L&p ham thanh y
vién
L&p thir nhat ()
L&p ngd vao T_\.] T

~ Hinh 1. Cdu tric ciia RFNN
Lop thié nhat: Lop ngd vao
O (k) = %, (k) (1)
Trong d6 X, (k) 1a ngd vao th i ctia I6p thir nhét.
Lép thi hai: Lép ham thanh vién

Of7 (k) = exp{— B0 m) _zmij)z }

ot
o @ . 5
V6i z;(k) =0, (k-1)g; +OP(k); m; va o
lan luwot 13 gia tri trung binh va phwong sai cua ham
Gaussian cua ngd vao ther i va va gia tri tha j caa ham
Gaussian & 16p thur hai nay. Hij 1a trong luong lién két cua

()

don vi phan hdi. RS rang 1a diu vao cua l6p nay chira céc
thanh phan ghi nh¢ luu trir théng tin qua khir cua mang.
Dbay 1a su khac biét rd rang gitta FNN va RFNN.
Lop thir ba: Lép luat mo

M3i nat k & 16p thi ba nay duoc tinh bang cach lay tich
cac tin hiéu dén tir 16p ther hai, két qua nat thi k duoc tinh
nhu sau:

0% (k) = Ho(2> (k) 3)

Lép the tu’ Lép ngd ra

Dau ra y ¢ I6p nay duoc tinh dya trén téng s6 céac tin
hiéu ¢ 16p thir ba nhan véi trong sb w; trong wng véi mdi
nhanh tin hiéu

09(K) =3 0,09 (K) @
=1

3. THUAT TOAN HUAN LUYEN MANG TRUC
TUYEN CHO RENN

Ham chi phi dugc dinh nghia nhu sau:
1 1
E(k) =2 Dya(k) - y(K)I* = Slvalo- oW (k)1

Céc thong s s& duoc cap nhap dua trén thuat toan lan

truyén nguoc sau:
_ _ CEW]
W(k+1)_W(k)+AW_W(k)+n[ W } (6)

:%e(k)z (5)

véi n=[n"n"n",n°] W=[o,moc,6], v
aE(k):[aE(k) GE(K) PE(K) aE(k)T

dw = om ' oo = 06
~ Luat cap nhat tham s6 dya trén phuong phap giam do
déc va quy tac chuodi duoce tinh toan nhu sau:

oW ’
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GE() _BK) 07 __o(k).00 k) ®
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= @ ARG
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CE(K) _ 9E(K) 20 o0®
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oE(k) _ oE(k) 00" 0%
06, 90" 60 o6,
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——e(k)- o, Ho<2>(k).
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Mat khéc, ta c6
_ . OE(K)
e (k){ ! oo, } (1)
= o, (k)+7”-e(k)-O (k)
m; (k +1) = m; (k) J{_nm . 6E(k)}
om;; 12)
=m; (k) +7n"-e(k)-@; - T Oiﬁz)(k).w
o, (k+1) = o, (k) J{_na . 8E(k)}
%% (13)

=0o;(k)+17 -e(k)- o, .HOigz)(k) ._Z(Zi(k)s_mij)
6, (k +1) = 6, (k) + { 0 5530}

20D (k _1). ~
6,(k)+1° -e(k)- o, HO(Z)(k)~ 20,7 (k-1) 2(ZJ.(k) m,)

i
(14)
Trong d6 n”,n™,n°,n° 1a cac tham sé toc do hoc tap
tuong ng cho trong s, gié tri trung binh, phuong sai va
mirc d6 phan hoi.
4. UNG DUNG NHAN DANG HE PHI TUYEN VA
KET QUA MO PHONG
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Hé thong Vp
phi tuyén

u [N

h 4

Thuat toan
huén luyén
trwe tuyén

-

Hinh 2. So d6 khdi ciia RENN d@é nhdn dang hé thang phi tuyén
Hinh 2 thé hién so do khoi cua RFNN dung dé nhan
dang hé thong phi tuyen [14].
Ng6 ra cua hé thong phi tuyén dugc tinh nhu sau:
Y, (k+1) = f(y, (), y,(k-1,y,(k-2),u(k),uk-1) (15)
Xy X Xg o X - (Xg=1) +X,
1+ %5 + X2
_ O day, dau ra hién tai cia h¢ thong phu thuoc vao ba
dau ra trudc d6 va hai dau vao trude do. Tin hiéu déq Vao
thir nghiém u(k) nhu phuong trinh sau dugc su dung dé xac
dinh két qua nhan dang. )
Trong bai bao nay, cac thdng s6 cua mang RFNN duoc
lya chon nhu sau:
e S6 1an huan luyén la 100.
e Céc h¢ sb hoc cho mang RFNN lan luot 1a 7”=0.1,
n™=0.1, n°=0.1, n°=0.1.
e Gié tri khoi tao ban dau cho [@,m, o, 0] la cac gi4 tri
ngau nhién trong doan [-1, 1].
e Tdng s6 luat mo bang 5.
Xét 2 truong hgp cho tin hiéu u(k) nhu sau:
Trwong hop 1:

. -k .-k .-k
k) =0.3-sin(==2) +0.1-sin(=2) + 0.6 -sin(—) (16)
u(k) sin( o5 )+ sin( 2 )+ sin( 10 )

Trong d6 f (x,, X,, X, X, X5) =

Két qua md phong nhan dang hé théng phi tuyén sir
dung RFNN sau 100 chu ky huan luyén cho truong hop 1
duoc thé hién trong hinh 3 va sai s6 binh phuong trung
binh gbc (RMSE) dugc thé hién ¢ hinh 4. C6 thé thdy ring
tin hiéu ngd ra cia bo nhan dang RENN (dwdng cham gach
mau xanh dwong) gidng hoan toan tin hi¢u thyuc té yp.
RMSE ciing giam dan va nho hon 0,05 sau 100 chu ky
huan luyén.

1 T
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Hinh 3. Két qua md phong nhén dang hé thng phi tuyén si- dung
RFNN trong truong hop 1 sau 100 chu ky huan luyén
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Hinh 4. Gia tri sai so binh phiwong trung binh goc sau 100 chu ky
huan luyén trong trirong hop 1

Truwong hep 2:

sinZKy 0<k <250
25
0K = 1.0 250 <k <500
T ]-1.0 500 < k < 750

750 <k <1000
an

Két qua mo phong nhan dang hé théng phi tuyén sir
dung RFNN sau 100 chu ky huan luyén cho truong hop 2
duogc thé hién trong hinh 5 va sai sb binh phwong trung
binh géc (RMSE) tng véi cac gia tri luat mo khéc nhau tur
2 dén 20 dugc thé hién & hinh 6.

Két qua cho thay tin hiéu ngd ra cua bo nhan dang
RFNN (dwong chim gach mau xanh dwong) gidng hoan
toan tin hiéu thuc té y, (duong mau do). RMSE ciing giam
dan khi tang tong sb luat mo tir 2 1én 20 (xem bang 1).

.-k .-k .-k
0.3-sin(—-) +0.1-sin(——) + 0.6 - sin(——
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Hinh 5. Két qua md phang nhén dang hé thang phi tuyén sir dung
RFNN trong truong hop 2 sau 100 chu ky huan luyén
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Hinh 7. Gia trj sai sé binh phirong trung binh gofc (RMSE) duoc
phang to trong truwong hop 2 sau 100 chu ky huan luyén. (a) Ket
qud cua 7 chu ky dau; (b) Két qua cua 14 chu ky cuoi

Bing 1 So sanh gié tr; sai s binh phuwong trung binh goc (RMSE)
va thoi gian tinh toan cua RFNN trong 100 chu ky huan luyén g
vdi tong so ludt mo khac nhau

Téng sé luast mé  RMSE  Thai gian tinh toan (giay)

2 0.03240
5 0.03213

0.3935
0.7319

10 0.03021 1.3331
15 0.02623 1.9412
20 0.02347 2.5325

Bang 1 cho thdy gié tri sai s6 binh phuong trung binh
gbc (RMSE) va thai gian tinh toan trung binh cho 100 lan
chay. Két qua cho thay khi tong s luat mo tang 1én, bo
nhan dang RFNN dugc dé xuit cé thé dat dugc hiéu suat
nhan dang t6t hon va thoi gian tinh toan ciing ting 1én so
Vi cac truong hop st dung it tong sb luat mo hon.

5. KET LUAN

Bai bao nay da dé xuat mot bo nhan dang RFNN cho
h¢ thong phi tuyén. Mang noron mo phan hoi RFNN nay la
mot mang lién két nhidu 16p c6 cac vong hdi tiép dé nhan
ra suy luan mo bang cach sir dung céc quy tic mo dong.
Mang bao gdom bén 16p bao gém hai 16p an va mot lop
phan hdi. Céc quan hé thoi gian dugc tich hop trong mang
va duoc xay dung bang cach thém céc két ndi phan hdi vao
mang noron m, trong d6 cac don vi phan hoi hoat dong
nhu cac phan tir luu trit trang thai trudc d6. Cudi cung,
RFNN d¢ xuat duoc ap dung dé nhan dang hé théng dong
phi tuyén. Két qua md phong di chiing minh tinh hiéu qua
clia mang no-ron md phan hoi RFNN.
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