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TOM TAT: Bai béo nay dé xuat mot thuat todn hiéu qua cho thiét ké bo loc thich nghi. Mot bo diéu khién hoc tap cam xic
ndo mo (FSBC) duogc dé xuit va duogc thiét ké nhu mot bo loc thich nghi cho viéc xtr ly tin hiéu. Thiét ké nay st dung
nhiing tinh ning cia bd diéu khién mé hinh tiéu ndo (CMAC) va bo diéu khién hoc tap cam xuc dai ndo (BELC) nham két
hop hiéu qua hai b diéu khién nay véi nhau va duge dat tén 1a bo diéu khién tong hop hoc tap cam xdc n&o bo (SBELC).
Hon nita, mot hé thdng suy luan mo méi duge dé xuit dua trén cau tric cua SBELC duoc dé xuat. M6 hinh toan hoc nay c6
thé bat chuéc kha niang phan doan va cam x(c cua ndo by. FSBC chira hai mang no-ron; mot la mang no-ron cam giac va
mang con lai 12 mang no-ron cam xtc. Hai mang luéi ndy anh huéng 1an nhau va diéu nay s& cai thién hiéu qua kha ning
hoc tap cua FSBC. Cau tric cua FSBC c6 dap mg dong nén thich hop cho viéc xi ly tin hiéu tbc do cao. Bé huin luyén
mang nhanh chéng, mot thuat todn hoc tham sb hiéu qua dua trén phuwong phap giam d6 doc chuén hoa dugc trinh bay. Dé
ching minh hiéu suat cua bo loc FSBC thich tmg duge dé xuat, no dugc &p dung cho hé thong hé théng khir nhiéu thich
nghi. Uu diém cua b loc duge dé xuét so vai cac bo loc thich nghi khac dwgc xac minh théng qua cac md phong.

TU KHOA: Bg loc thich nghi, bg diéu khién mé hinh tiéu ndo, bg diéu khién cam xiic dai ndo, hé thang suy lugn mo, hé
thong khi nhieu

ABSTRACT: This paper proposes an efficient algorithm for the adaptive filter design. A fuzzy synthetic brain emotional
learning controller (FSBC) is proposed and is designed as an adaptive filter for the signal processing problems. This design
uses the feature of a cerebellar model articulation controller (CMAC) and a brain emotional learning controller (BELC) to
combine the effectiveness of both controllers and named as a synthetic brain emotional learning controller (SBELC).
Moreover, a new fuzzy inference system is proposed based on the structure of the proposed SBELC, then the fuzzy SBELC
(FSBC) is built. This mathematical model can mimic judgment and emotion of a brain. FSBC comprises two neural
networks; one is a sensory neural network and the other is an emotional neural network. These two networks affect each
other and this will effectively improve the learning ability of FSBC. The structure of FSBC has dynamic response, thus it is
suitable for high-speed signal processing. To allow fast training, an efficient parameter learning algorithm based on the
normalized gradient descent method is presented. To demonstrate the performance of the proposed adaptive FSBC filter, it
is applied to a nonlinear channel equalization system and an adaptive noise cancelation system. The advantages of the
proposed filter over other adaptive filters are verified through simulations.

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

nghi thu’cng dugc st dung trong s6 céc bo loc thich nghi vi

1. GIOI THIEU

Thuat ngit bo loc thich nghi dugc dinh nghia 1a sy thay
dbi dac tinh cua bo loc theo mot sé kiéu tu dong dé thu
duogc chit lugng tin hiéu tot nhit c6 thé bat chap cac didu
kién tin hi¢u h¢ thong thay déi. Hoat dong cia b loc tin
hiéu theo dinh nghia Ia trich xuit mot cai gi d6 mong muon
tr mot tin hiéu c6 chira ca thanh phan mong mudn va
khong mong mudn. Mot bo loc tuyén tinh tdi wu theo nghia
binh phuong trung binh tdi thiéu cé thé duoc thiét ké dé
tach tin hiéu khoi nhidu bang cach giam thiéu tin hiéu I3i
dugc hinh thanh bang cach lay tin hiéu mong mudn trir di
tin hiéu da loc. DI véi cac tin hiéu nhidu vai sb liéu thong
ké thay ddi theo thoi gian, qua trinh giam thiéu nay thuong
duogc thuc hién bing cach st dung bo loc thich nghi [1].
Trong nhitng nam qua, cac bo loc thich nghi dugc sir dung
trong c4c tng dung rong rai nhu xt ly hinh anh va truyén
thong dé khir nhidu [2], md hinh héa hé thdng nghich dao
va nhiéu ung dung khéc nira [3]. Bo loc tuyén tinh thich

no ¢ thé dé dang phén tich va tinh toan. Nhung hiéu suat
cua bo loc tuyén tinh thich nghi khéng dugc mong muon
khi ¢6 hién tuong phi tuyén tinh dot ngot xay ra. Do do, dé
dbi pho véi nhitng diéu nay, mot sé bo loc phi tuyén tinh da
duoc phét trién va sir dung, b loc ngin xép thich nghi, bo
loc volterra thich nghi [4] va b6 loc mo thich nghi [1] 1a
nhiing bé loc chinh trong sé cac bo loc nay.

Mot sé bo diéu khién duge dé xuat va st dung cho céc
g dung xu ly tin higu khac nhau. Do nhu ciu ngay cang
tang vé cac lya chon thay thé cho ciu trdc tuyén tinh
thuong duoc gia dinh trong céc bai todn xir ly tin hiéu nén
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xir ly tin hiéu. Mang no-ron cung cip sy cai thién hiéu suat
dang ké trong cac ung dung khac nhau khi qua trinh co ban
lién quan dén sy phi tuyén va ty 1¢ tin hiéu trén nhidu kém
[5]. Tuy nhién, qué trinh hoc cua mang no-ron dién ra
cham vi tat ca cac trong s6 déu dugc cap nhat trong mdi
chu ky hoc. Do do, hiéu qua cua mang no-ron bi han ché
trong cac van dé yéu cau hoc truc tuyen Bo diéu khién
khép mé hinh tiéu ndo, do Albus dé xuit dau tién co thé
dugc coi nhu mot co ché hoc tap md phong theo tiéu ndo
cia con ngudi [6]. Bo diéu khién md hinh tiéu ndo
(CMAC) dugc phan loai 1a mot mang bo nhé lién két
khong dugc két nbi ddy du véi cac truong tiép nhan chong
chéo [7]. N6 c6 thé giai quyét van dé tang kich thuéc nhanh
chong va khé khan trong hoc tap trong cac loai mang no-
ron hién co.

Moren va Balkenius [8], [9] da trinh bay mot md hinh
tinh toan dé hoc cam xUc trong ndo cua dong vat cé V.
Lucas dé xuét bo diéu khién théng minh dya trén cam xuc
hoc tap ctia ndo (BELBIC) va dwa nd vao nhu mot Khai
niém mai trong k¥ thuat diéu khién [10]. Sau d6, cau tric
cua bo diéu khién cam xtic ndo duoc phat trién va né duoc
sir dung trong nhiéu tng dung k¥ thuat diéu khién [11-13].
Céu trac nay duoc goi la b diéu khién hoc tap cam xdc cua
ndo (BELC). Nao cd mot hach hanh nhan va mot vo ndo
trudc tran; cai trudc la mang no-ron cam giac va cai sau la
mang no-ron cam xdc. Mang no-ron cam gidc c6 cac tham
s6 tu hoc va diéu chinh. Mang ludi than kinh cam xdc chju
su kich thich cua céc yéu té bén ngoai va c6 tac dong gian
tiép dén mang ludi than kinh cam giéc. Hai mang nay anh
huong lan nhau, va dau ra caa bo diéu khién hoc tap cam
xUc cua ndo (BELC) chira hai mang nay.

Trong nghién cau nay, bang cach két hop CMAC véi
BELC, mot bo diéu khién mai co tén 1a bo diéu khién tong
hop hoc tap cam x(c ndo bo (SBELC) duogc dé xuat. O day,
no két hop nhing wu diém cua ca CMAC va BELC dé
mang lai két qua nang cao. Hon nira, mot hé thong suy luan
mo méi duoe dé xuat dua trén ciu tric ctia SBELC duoc
dé xut, va bo loc SBELC mo (FSBC) dugc xay dyung. Sau
d6, FSBC nay duoc 4p dung cho c4c vain dé xir ly tin hiéu
dé thiy duoc sy hiéu qua cua no.

2. BO LOQC THICH NGHI FSBC
2.1 Céc quy tic suy luan mo ciaa FSBC

Bo diéu khién hoc tap cam xic dai ndo bao gom hai
phan: mot 1a hach hanh nhan chiu trach nhiém phan doan
va phan kia & vo ndo trudc tran chiu trach nhiém kiém soat
cam xdc. Vi vay, hé suy luan mo caa FSBC dugce dé xuit
bao gom hai co s& quy tic mo: mét 1a hé mo hach hanh
nhan va co so kia la hé mo trude tran.

Hé théng mo hach hanh nhan duoc thiét ké nhu sau:
Ifs is¢; ands, is ¢,;,...,s, is ¢,;, thenu, =v;,

" 1)
fori=12,...,n,j=12,...,n;
Hé thdng ma trude tran dugc thiét ké nhu sau:
Ifs is ¢, ands, is g/ﬁzj,...,sni is ¢, ;, thenu, =w;, @

fori=12,...,n, j=12,..

trong do, n; 1a k}ch thuéde dau vao, si la khéng gian vo ndo
cam giac cho dau \(élo thir i, v 1a trong lugng hach hanh
nhan thir j, ua 13 dau ra cua hgch hanh nhén, w; la trong
lugng trudce trén thi j va up 1a dau ra ctia phan truge trén.

2.2 CAu tric cia FSBC

Trong sd hach

Ifauh nhén v

Khéng gian rnro‘rrg
tiép nhin R

Khéng gian déu

a=X;bjv;

vao cim gidc §

0=X; bjw;

Khdng gian bé
nhe két hop A

Trong 58 triede

frin w
Hinh 1. Cdu trdc cia FSBC

FSBC dugc dé xuit dugc thé hién trong hinh 1. Cau tric
ctiia FSBC c6 khong gian dau vao cam giéc, khong gian bo
nhé lién két, khong gian truong tiép nhan, trong sé cam
giac va khéi dau ra. Sy lan truyén tin hiéu va chtc ning co
ban cia mdi khong gian dugc giai thich nhu sau:

1) Khéng gian ddu vao cam giac S:

X PO N T L.
bit bién ngd vao la s:[sl,sz,...,s, sn] eR", voi

mdi bién trang thai dau vao phai duoc lugng tir héa thanh
cac vung roi rac (dwoc goi 1a cac phan tir) theo mot khdng
gian diéu khién nhat dinh. S6 phan tr ne dwoc goi 1a do
phan giai.

2) Khong gian bg nhé két hgp A: Mot s phan tir ¢ thé
duoc tich liiy thanh mot khdi, s khéi ng thuong 16n hon
hoic bang hai. Trong khong gian nay, mdi khdi thuc hién
mot ham co s truong tiép nhan, cé thé dugc dinh nghia 1a
hinh chir nhat hoac hinh tam giac hoic bt ky ham bi gioi
han lién tuc ndo. O day, ham Gaussian duoc chip nhan la
ham co sé truong tiép nhan, cd thé duoc biéu didn dudi
dang nhu sau:

~(s —mu)2 for j=1,2,..., Ng (3)
2

ij

¢ = exp

trong do, ¢i”- dai dién cho ham co s& truong tiép nhan cho
khi thtr j cua dau vao tha i véi gia tri trung binh m, va
phuong sai oy - MGi khdi trong khong gian nay c6 hai tham
s6 ¢6 thé diéu chinh la m, V& o, .
3) Khong gian trwong tiép nhgn R: SO lugng céc truong
ticp nhan n, bang n, trong bai bao nay. Moi vi tri cua A
tuong (ng véi mot truong tiép nhan. Ham truong tiép nhan
da chiéu dugc dinh nghia 1a

2
b, =exp i—_(si_zm”)

i=1 Gj

for j=1,2,..., N, 4

Trong d6, b, duoc lién két voi truong tiép nhan tha j.

4) Trong sé giac quan v va w: Trong s dau ra dugc chia
thanh trong s6 hach hanh nhan va trong sé trudc tran [12].
Mdi vi tri caa R di ¢én mét gid tri diéu chinh cu thé trong
trong s6 hach hanh nhan v c6 thé duoc biéu thi bang
v:[vlv vj,...,vnR]eiR”R (5)
Tuong ty, clng mot vi tri cia R véi mot gia tri c6 thé didu
chinh cu thé trong trong s6 phan trudc tran w dwoc biéu thi
bang
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W=[W, W, W, W, JE R (6)

5) Ng6 ra Y: Tinh toan dau ra cua FSBC dugc biéu thi
bang y=a-o0, voi

a=Yby, 7)
i

0= ZR:bjwj 8
i

3. THUAT TOAN HQC TRUC TUYEN CUA FSBC

Dé udc tinh cac tham s6 trong khdng gian b nhé két
hop, truong tiép nhan va trong sé cia FSBC, trudc tién
chling ta xac dinh mét ham muc tiéu:

1 2 1
J(K)==(d(k)-y(k)) ==e?(k ©)
(=380 =550
trong do, e(k):d(k)—y(k) la sai so ngd ra cua bd loc
duoc tinh bang hiéu sé giira dap tng mong mudn d(k) va
ngd ra cua FSBC y (k). V6i ham muyc tiéu J (k) luat cap

nhat tham s6 dua trén phwong phap giam d6 doc chuan hoa
c6 thé duoc tinh toan nhu sau:

0J
mij(k—kl):mij(k)—i-,um% (10)
]
0J
oy (k+1) =0 (k) + 4, —— (11)
]
0J
Vj(k+l):Vj(k)+rqu (12)
J
0J
Wj(k+1)=Wj(k)+ﬂwm (13)
: 2](s—m)2
Vi 0d e(v]—wj)bj ")
am (‘Tii)
2
A e(v;—w; )b Z(S'_n:”) 9 _ep, and
oo, P G
ﬂ=eb.-
8W J

4. U‘N(; DUNG [(HU' NHIEU THICH NGHI VA KET
QUA MO PHONG

Tin hiéu kém theo nhiéu Tin hiéu ngd ra

Tin hiéu mong mu6n x(K) output
s(k) Lo p— o .
f4 t
nk) ¢ oo o y(k)
— e(k)
Unknown ‘ FSBC
System F(.) ‘ System F(.)
¥ = .
i G

Hinh 2. Hé thang kha nhiéu thich nghi si dung FSBC
Hinh 2 biéy dién so @b khéi cuiia bo khir nhiu thich nghi
(ANC) [5]. Bau vao chinh cho bd loc x(k) la hdn hop cua

tin hiéu mong muédn s(k) va tin higu so cap n, (k) duoc
tao ra tir nguon nhidu n(k)- Tin hiéu nhan duoc c6 thé

duoc duarala

x(k)=s(k)+n, (k) (14)

n, (k) duoc tao ra bang cach truyén tin higu nhiu qua mot
kénh khong xac dinh F (-). H¢ thong ANC tinh toan mot
bo loc F (+), b loc nay s& bién doi n(k) thanh y(k), dé
du ra cudi cling x(k)—y(k) gan voi tin higu quan tam
s(k). Céc tham sé cia F (+) dwoc cap nhat bang céch

giam thiéu sai sd binh phuong trung binh. Gia sir rang
s(k) va n, (k) khong lién quan. Bd loc thich nghi yéu cau

dau vao tht hai, duoc goi 1a diu vao tham chiéu N(3E
khong lién quan dén tin hi¢u quan tam s(k) nhung co lién
quan chat ché hodc twong quan véi nhiéu n (k) theo mot

cach nao d6 ma khong can biét. ANC sua d6i dau vao tham
chieu n, (k) dé thu dugc tin higu y(k) gan vdi nhiéu n, (k)

nhit cé thé. Sau do, tin hiéu y(k) duoc trir khoi dau vao

chinh @ wéc tinh tin hiéu mong mudn. Gia sir tin mong
muon s(k), nhiéu so cap n, (k)» dau vao tham chieu n (k)

va uoc lugng nhidu so cap y (k) 1a c6 dinh vé mat thong ké
va khdng c6 gié tri trung binh bang 0 va n (k) c6 tuong
guan véi n, (k)- Khi d6 dau ra caa ANC la
e(k)=x(k)—y(k)=s(k)+n,(k)-y(k) (15)
L4y binh phuwong va ky vong cuia ca hai bén s& ¢ két qua la
e (k)]=E[s" (9] + [ ()~ y((9)) 16)
Déi vai tng dung ANC, muc tiéu 12 téi thiéu héa gié tri cua
£[[e? (k)] vakhi

€[ n, (k)= y (<)) = E[ (k)= F (na (1)) (17)
tién vé 0, 16i con lai e(k) trén thuc té Ia tin hi¢u mong
mudn s(k), trong d6 F(-) biéu dién chuc ning cua bo loc
thich nghi phi tuyén.

Trong rphén thuc nghiém, ching téi xem xét tilj hiéu
mong muon s(k)=sin(0.06k)cos(0.01k), duoc the hién
trong Hinh 3 (a). Tin hi¢u nhiéu n (k) duoc tao ra bai nhiéu
tréng, dugc chuan hoa trong [-1,5, 1,5]. Tong s6 1200 mau
huan luyén dugc sir dung trong ghi nghiém n~ay. Nhiéu
n(k) s€ di qua mot kénh phi tuyén tao ra nhieéu gay hai
n(k)- Moi n(k) va n(k) la
nl(k)z F(n(k)), trong d6 F(.) thé hién chuc niang cua

quan hé gita

kénh phi tuyén. Trong mé phong nay, chlng t6i str dung
ham £ (x)=n, (k) :0.6-(n(k))3- Sau d6, két qua cua tin
hiéu kém theo nhiéu x(k) duoc hién thi trong Hinh 3 (b).
Péu vao cua FSBC la tin hiéu tham chiéu n, (k) =n (k).

Két qua md phong caa FSBC sau khi huan luyén 1 chu
ky va 50 chu ky dugc thé hign tuong (ng trong H|nh 3(c)
va (d). Két qua sau 50 chu ky huan luyén cho thay rang tin
hiéu phuc hoi gan vai tin hiéu ban dau, tiec 12 FSBC dugc
dé xuét cé thé dat dugc hiéu suat khir nhidu thuan loi. Hon
nita, so sanh sai s6 binh phuong trung binh (MSE) cho hé
thong nay giita FSBC duoc dé& xuét va bo loc diéu khién
khép mo hinh tiéu ndo phan hdi thich nghi (ARC) [14]
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duoc dua ra trong hinh 4. Hiéu qua héi tu cua bo loc FSBC
tot hon nhiéu so véGi bo loc ARC.

1 T T T

| Tin hiéu mong muén s(k)

08H

06
04
<« 02F

ol

A 1
0 200 400 600 800 1000 1200

S& mau dao tao

@

| Tin hiéu kém theo nhiéu x(k) |

2 4
1

<O

T

‘@

I=a) Al
2k 4

1 1 1
0 200 400 600 800 1000 1200
S6 mau dao tao

(b)

) T 'I:inhiéu'l;1,lg6ral(output) U
e M [|| M ’l ‘H ﬁ'
5° | :
L T

S | M o

"o 200 400 600 800 1000 1200

n

E»J
ZGf\
r

04

:g Uj | /“\*-'f. ‘I" \ a
% 02k \ H | {

W WM

06| \
08 \J

1 L
0 200 400 . 600 800 1000 1200
S8 mau dao tao

(d)

Hinh 3. (a) Tin hiéu mong musn s(k); (b) Tin hiéu kém theo nhiéu
x(K); (c) Tin hiéu duroc khoi phuc bang b loc FSBC trong 1 chu
ky hudn luyén dau tién; (d) Tin hiéu diroc khdi phuc bang bé loc

FSBC sau 50 chu ky hudn luyén

1

MSE
09}

08 1

07F E

06t 1

MSE

04t .

03 1

02 4

01F B

10 15 20 25 30 35 40 45 50
S6 chu ky hudn luyén

@)

o
o

MSE

%5 1 15 20 25 a0 3% a0 45 &0
S6 chu ky hudn luyén
(b)
Hinh 4. (a) Sw hgi tu cua sai so binh phwong trung binh (MSE)
ciia FSBC trong 50 chu ky hudn luyén; (b) Sw héi tu cia sai so
binh phwong trung binh (MSE) ciia ARC trong 50 chu kp hudn
luyén

Bang 1 So sanh gia trj sai sé binh phuwong trung binh va thoi gian
tinh ton cua hai bg loc ARC va FSBC trong 50 chu ky huan

luyén
. B§ loc ARC B§ loc FSBC
Sai s6 binh
phuong trung binh 0.00033 0.00014
(MSE)
T}}(An gian tinh todn 19.34 18.99
(gidy)

Bang 1 cho thiy gia tri sai s6 binh phuong trung binh
(MSE) va thoi gian tinh toan trung binh cho 50 lan chay.
Két qua cho thay b loc FSBC duoc dé& xuit cé thé dat
dugc hiéu suét loc tot hon va thoi gian tinh ton it hon so
v6i bo loc ARC dbi véi hé thdng khir nhidu nay.

5.KET LUAN

Bai b4o nay da dé xuat mot bo loc tich cuc mai ¢6 tén
bo diéu khién hoc tap cam xdc ndo téng hop mo (FSBC)
cho hé théng khir nhiéu thich nghi. FSBC bit chude mot bo
ndo dé né chira hai mang than kinh; cai truée 14 mang no-
ron cam giac va céi sau la mang no-ron cam xuc. Mang no-
ron cam giéc c6 cac tham sé tu hoc va tu diéu chinh. Mang
luai than kinh cam xdc chiu su kich thich cua cac yéu té
bén ngoai va co tac dong gian tiép dén mang ludi than kinh
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cam giac. Hai mang nay anh huéng lin nhau. Hon nira,
viéc gigi thiéu truong tiép nhan gitta cAc mang nay gidp
cho viéc tinh toan tro nén d& dang. Két qua méd phong
chang minh rang hiéu suat loc thuan loi c6 thé dat duoc
bang céch &p dung bo loc FSBC dugc dé xuat va hiéu sut
t6t hon so véi viéc sir dung bo loc diéu khién khop mé hinh
tiéu ndo phan héi thich nghi (ARC).
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