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KIEM SOAT TIENG ON TICH ClYC SU’ DUNG MANG
NO'RON MO’ LOAI 2

HUYNH VAN TUAN, TRAN QUOC CUONG, DUONG HOAI NGHIA,
NGUYEN HJU PHUONG

1. GIOI THIEU

Nguyén li chung cua cac hé thong kiém sodt tleng on tich cuc (active n01se control - ANC)
la tao ra tleng on thr cap c6 cung bién d6 nhung ngugc pha véi tleng on so cép sao cho tiéng 6n
SO cap va tleng on thir cap triét tidu lan nhau tai ving can kiém soat tleng on. Hinh 1 trinh bay hé
thong ANC hoi tiép trong d6 bo dleu khién c6 nhiém vu tao ra tiéng on thir cap c6 cing bién do
nhung ngugc pha vai tiéng 6n so cp tai micro téng hop.

Ngudn /\/\N\/\ .
Géng &1 N Uy () Micro t6ng hop
Loa tho céﬁ/

Loa so cap

B6 didu khién |
Fuzzy neural |

Hinh 1. Hé théng ANC hoi tiép

Két qua nghlen clru vé cac hé thong ANC tuyén tinh ding loc FIR co the tim thay trong [1].
Gan day nhleu tac gia da dé xudt cac phuong phap khac nhau dé giai quyét van dé phi tuyén trén
duodng truyén thir cp: [6] sir dung mang truyén thang nhidu 16p, [7, 9] gidi thidu tng dung cua
mang ham co s& xuyén tdm (radial basis function - RBF), [8] st dung mang neuron mo. Mat
khac gﬁn day cac tap mo loai hai da dugc phat trién [9, 10]. Khac voéi tdp mo loai mot, tdp mo
loai hai duoc biéu dién béi cac ham thanh vién bat dinh va do d6 cho phép mo ta tdt hon cac dai
lwong bat dinh.

Muc tiu cua bai bdo nay la gidi thiéu hé thdng ANC héi tiép thich nghi ding mang noron
mo loai 2. Giai thudt cap nhét truc tuyen c4c trong sd cua mang duoc xac dinh dung phwong
phap giam do dbc (steepest descent). Diéu kién hoi tu ctia giai thudt dugc thiét 1ap dya vao ly
thuyét 6n dinh Lyapunov. Phan con lai ciia bai bio dwoc bd cuc nhu sau: phan 2 gi6i thiéu so
lwoc mang noron mo loai 2 dang khoang, phan 3 trinh bay hé thong ANC hdi tiép ding mang
noron md loai 2, phan 4 trinh bay cdc két qua mo phong, trong d6 phuong phdp ding mang
noron mo loai 2 dugc so sanh véi cac phuong phip khic nhu loc FIR, mang perceptron, mang
noron mo loai 1. Phan 5 két luan bai bao.
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2. MANG NORON MO LOAI 2

Léip 1 Lip 2 Lip 3 Lip4 Lép 3
Hinh 2. Céu tric mang noron mo loai 2.

Hinh 2 mé t4 mang noron mo loai 2 (type 2 fuzzy neural network - T2FNN) véi L ngd vao
va mot ngd ra. Mang c6 5 16p

Lop 1: Tiép nhan céc tin higu vao d(k),...,d(k —L+1)

Lop 2: Xac dinh cac chan trén va chan dudi ciia cdc ham thanh vién cua cac tin hi€u vao.
Vi du cac chan trén H,.j va cac chan duoi ],Lij cua ham thanh vién cta tdp mo loai 2 thir j cua tin

hiéu vao thir i dwoc xadc dinh boi

B { (&(k—i+1)—m,,,)2} dk—i+1D)—m,)’
—_ K , Eij =cXXX —

[, =exp - (1)

— 2
2Gij O,
véi i=12,....L; ;U . G;va Oy la cic hang s6. Hinh 3 va 4 trinh bay cdc ham thanh vién

cua cdc tap mo loai 2 trong hai truong hop 6, =g, m; >m; (hinh 3) va m;, =m,, S, >0,
(hinh 4).
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Hinh 3. Tap mo loai 2v6i 5, =g, m, >m, Hinh 4. Tap mo loai 2 v6i m; =m,;, G, >0,
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L6p 3: S6 phan tir cua 16p nay bang s6 luat hop thanh N. Néu ta dién dich phép giao dung
Iuat PRO, tin hi¢u ra twong g ¢ phan tir thit n (1 <n < N) la tap mo loai 2 v6i ham thanh vién
xac dinh boi cac chan trén va chan dudi

[te.18,

Lop 4 : Chuyén tap mo loai 2 sang tdp mo loai 1. Cac gid tri ¥, va y, (hinh 2) dugc xdc
dinh dung phuong phap tdm cua tap hgp (center —of — set) [8, 9, 10]

L N
ZHW’LZ“W S E"w+ Y uw)
1

S S S T e G)
ut+ Y YEh+ "
n=1 n=R+1 n=1 n=L+1

v6i l <R<N-1val1<L<N-1.Trongdé w' va w/, n=1,...,N, latrong s6 ctia mang dugc
cap nhat tryc tuyén trong qué trinh huén luyén.

Dinh nghia cac vecto N X1:

1 R4l —R+ _
O = )
PN
n=1 n=R+1
1 —1 — — + +
YT T T TECRTECNTLY 5)
zﬁn_i_ ZEH
n=1 n=L+1
=[wi,w,2,...,wf’]r, W,:[w,l,w,z,...,wfv]r. (6)
Ta c6 thé viét lai (3) dudi dang ma trén nhu sau:
y, (k) =0, (k)yw,(k), y,(k)=0; (k)w,(k) (N

Lép 5: Lop nay (16p ra) ¢6 chuc nang xdc dinh tin hi¢u ra y(k) (gidi mo)

y(k>=;—[yl<k>+ v (1. ®)

3. HE THONG ANC HOI TIEP THICH NGHI DUNG NORON MO LOAI 2

Hé théng ANC h01 tiép thich nghi dung mang noron mo loai 2 (T2ZFNN) nhu hinh 5.
Trong d6, G(z) 1 truyén dat cta dudng truyén thir cap tir loa thir cAp dén micro tong hop trong

hinh 1, G(z) 14 md hinh cua G(z), FXLMS (filtered-x least mean square) la giai thut cap nhat b
trong s& w",w/' ciia mang, S( ) biéu dién tinh phi tuyén cta khau chap hanh, $( ) la mé hinh

cia S( ). Trong truong hop khau chép hanh c6 tinh bdo hoa, ta ¢6 thé xdp xi S( ) boéi ham
tansig nhu sau:
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S(y) =

véi A 1a tham s cta ham tansig (4 dugc chon bang 2 dé §(y) c6 do doc bang 1 tai y=0).

2
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d(k) C+

Hinh 5. Hé théng ANC ding mang T2FNN

Tt hinh 5, ta c6:

e(k) =d(k) —v(k)

voi

v(k) =, g(mu(k —m)

m=0

g(m), m=0,12,...,M la dip ung xung ciua G(z),

u (k) = -

Dinh nghia ham muyc tiéu

+ e

2

“2y(k)

I =%e2(k>.

€))

(10)

an

(12)

13)

Cdc trong s0 w.',w, ctua mang noron mo loai 2 duogc udc lugng bang cédch cyc tiéu héa

J(k) ding phuong phdp giam d6 déc [1, 2, 3, 4, 5]. Ta ¢6 két qua sau

Dinh li:

a) Gidi thudt hudn luyén dé quy cuc tiéu héa J duoc xdc dinh béi
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1 wu ,
w,<k+1>=w,<k>+5ne<k>m§g<m>[1—u (k—m)lp (k—m) (14)

w,(k+1>=w,(k>+;ne(k)fg(m)[l—u%k—m)]a(k—m) (15)
m=0

trong dé 1 1a téc dg hoi tu(n > 0).
b) Piéu kién dui dé gidi thudt (14), (15) héi tu dwoc xdc dinh boi

8
0<np< (16)

M 2
[Zg(m)[l—u%k—m)]] 67 te—m+ 2 —m
m=0

voi §,, 0, dwoc nghia o (4) va (5).
Chitng minh.
a) Xdc dinh giai thuat hudn luyén

Céc trong sd mang noron mo dugc udc lugng b?"mg céch cuc tiéu héa J(k) dinh nghia &
(13) dung phuong phép steepest descent [1 - 5]

sk |
w (k+1) = w (k)—n[—} (17)
: : ow, (k)
e T I8
w, (k+1)=w, (k) n{aw,(k)} (18)

véi 1 1a tde do hoi ty (17> 0).
Ap dung cong thirc chudi dbi véi céc phuong trinh (17) va (18), ta dugc:

{8] }T_aJaeavau{ay

dw, | e dv du ay | dw,

- ) —u’(k - - 19
de dv du dy } 26<’<>m2:08<m>[1 Wk =mk, (k=my (19)

T T
{31} _3_13_63_Va_“{3_y} :—%e(k)ig(m)[l—uz(k—m)]fl),(k—m) (20)

dw, |  de dv du dy | aw, o
trong do:
2y
Tu (19) va (20) ta co (14) va (15).
b) Xdc dinh diéu kién hoi tu cua gidi thuat
Tu (13), ta co:
J(ky=%e* (k) =5[d (k)= v (22)
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Dinh nghia
AJ (k) =J(k+1)=J (k) =%[e(k +1)—e(k)][e(k +1)+e(k)] = Ae(k)[2e(k) + Ae(k)]  (23)

voi

_ | 92 e _oed, v duk—m) || yk—m) Ay (k—m)
Ae(l) =e(k+1) e(k){am}AW,(kH[am}Am(k) av%au(k—m) ay(k—m){{ oy }AW,J{ v }AW}

1
-——4ndk{

M 2
[Zg(m)[l—f(k—m)]} 02—+ 2k —m)

(24)

[Zg(m)[l—u%k—m)]} [07(k—my-+ 6 Ge—m
m=0

|

(25)

1 - 2 i 2 2
A (k)= ‘ST]E(I% [Zg(m)[l—u (k —m)]} )
m=0

1
x{z.e(k) —4ne(k){
X {2 —1 r{
4
1

Vi J(k) = ?ez(k) 2 0 khi AJ(k) <0, J(k) giam = e(k) — 0, do d6 tir (25)

|

= ‘lneZ (k){

2 [Zg(m)[l—u%k—m)]} |67k —my+ 47 (e —m)
m=0

[Zg(m)[l—uz(k —m)]} 67 =)+ 07—
m=0

ta c6 diéu kién hoi tu sau :
1] & ’
2-= [Zg(m)[l—uz(k—m)]] [¢,2(k—m)+¢3(k—m) >0 (26)
4 m=0
tur (26) ta duoc (16).

4. KET QUA MO PHONG

Muc nay trinh bay kff:t qua md phong trong d6 hé théng ANC diing mang noron md loai 2
duogc so sanh vai cdc h¢ thong ANC sau:

a. H¢ thong ANC ding lgc thich nghi FIR truyén thong [2, 3]
Giai thuat huin luyén [3]:

wk +1) = w(k) +4ne(k) S g (m)D(k - m)

m=0
véi D(k) = [c?(k), c?(k -1, ..., c?(k —m)]" 1a vecto tin hiéu ngd vao.
b. Hé thong ANC diing mang perceptron [4]
Vi ham tich hop tuyén tinh va ham téc dong sigmoid ludng cuc (tangsig):

T A 2
net(k)=w" (k)D(k);  y(k) = f(net(k)) = —— =51
1+e
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Giai thuat hudn luyén [4]:

wik +1) = y(k)%ne(k)Z gml - y2 (k=m) Dtk —m).

m=0
c. H¢ théng ANC diing mang noron mé loai 1 [5]

_ Khong gian ngd vao dugc chia thanh 5 tdp mo v6i ham thanh vién Gaussian ¢6 trong tam
lan luot 1a -1; -0,5; 0; 0,5; 1 va phuong sai 0,3 (hinh 6).

o 02 0.4 0.6 [akz) 1

Hinh 6. Cic tdp mo Gaussian loai 1 Hinh 7. CAu tric mang noron mo loai 1

Céu tric ciia mang noron mo loai 1 truyén thang gdm 5 16p nhu hinh 7.

Lép 1: (Lép vao) a® =d. .

Lép 2: (Lép mo hod) a'” = expl—

Lép 4: (Lp chudn hod) a'¥ = ST

Lép5:Lopra y=a® =>d%w, .

l

Céc dinh nghia: w(k) = [w, (k), w,(k), ..., w,()] .

AYK) =[a® ), a k-1, ... a®k-n+D]
v6i n: s6 luat hop thanh.
Giai thuat huan luyén [5]: (ham tich hop tuyén tinh va ham tdc dong tuyén tinh)

w(k +1) = w(k) +Tl€(k)§:g(m)A(4) (k—m).
m=0
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d. Hé thong ANC diing mang noron mo loai 2

Mang noron mo loai 2 ¢6 mot niit ngd vao véi 5 tap mo, cac thong so trong tdm m bat dinh
va phuong sai 6 ciia ham thanh vién Gaussian dugc chon:

m={-1.15, -0.85][-0.65, —0.35][-0.15, 0.15],[0.35, 0.65],[0.85, 1.15]}
c=[04, 04, 04, 04, 04].
Céc thong s6 md phong nhu sau: ham truyén dat cua tiéng on thu cdp G(z)=0.5/z77";
héng s6 hoc duoc chon trén co s phuong trinh (16) 1a 1=0,8; tan sb léy mau 13 8 KHz.

4.1. M6 phong 1

Ngudn tiéng 6n don tan véi tan s6 140Hz (thuong xuat hién & dong co clia xe 6t6 1600 cc
[10]). Céc két qua trinh bay trong hinh 8 va bang 1.

Bang 1
Tiéng dn so cip FIR Perceptron | Mo loai 1 Mo loai 2
MSE (dB) +17 2 -17 -24 -49

trong d6 MSE (Mean Square Error) 12 trung binh binh phwong sai s6, MSE dugc xéc dinh:
1 N
MSE = ﬁZeiz (n) = MSE(dB)=10log,,(MSE).

Dua vao bang 1, ta thay phuong phdp dung mo loai 2 hi¢u qua nhit do mang noron mo loai
2 cho phép mé hinh héa va giam t6i thiéu tinh bat dinh ctia hé thong logic md trén co s& luét hop
thanh, ham thudc cia tdp mo loai 2 1a khong gian 3 chiéu ¢6 kha ning do muc d6 ngau nhién
didu nay 1am cho logic md loai 2 ¢6 kha nidng mé hinh héa tinh bat dinh mét céch truc tiép.

4.2. M6 phéng 2

Hinh 9 trinh bay két qua mé phong truong hop tiéng on da tan (tdng hop cua 6 tan sb:
61 Hz, 140 Hz, 180 Hz, 260 Hz, 350 Hz va 500 Hz). Ta thay V0’1 he thong dung mang noron mo
loai 1, cudng do tiéng on giam tir 10 dB - 25 dB trong vung tan s6 can kiém sodt tiéng 6n nhung
lai tang 1én trong Vung tan s6 cao tir 20 dB — 30 dB. V¢i hé thong ding mang noron mo loai 2,
cuong do tiéng 6n giam tir 5 dB - 30 dB.

Mot vai nhém tac gid da dung phuong phdp hoi tlep aé klem soat tleng on: T. Meurers,
S.M. Veres, and S.J. Elliott [2] sir dung loc thich nghi trong mién tan sb, két qua tleng on don
tan s6 ‘giam tr 15 dB — 30 dB; Bharath M. Siravara [3] dung loc FIR trong mién thoi gian, két
qua tiéng 6n da tan sd giam tr 10-16dB. So sanh v6i nhom tdc gia trong [2] va [3], viéc st dung
noron mo loai 2 trong klem sodt tleng on dat hiéu qua cao, tiéng 6n giam 66dB trong trudng hop
ngudn tiéng on don tan sd va tiéng on da tn s6 giam tir 5 dB — 30 dB.
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Tieng on so cap
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Hinh 8. Két qua md phong tiéng 6n don tan.
(a) Tiéng 6n so cap;
z (b) ANC dung loc thich nghi FIR;
= (c) ANC dung mang noron;
= N \ .
g (d) ANC dung mang noron mo loai 1;
c N \ .
2 (e) ANC dung mang noron mo loai 2.
1 Il 1
o 50 100 150 200 250 300 350 400 450 500
Tan so [Hz]
4.3. M6 phéng 3

Higu qua ciia khiu b6 chinh bdo hoa. Bién do khau bo chinh dugc chon la % 0,5. Tén s6
tleng on 150 Hz. Két qua m6 phong dugc thé hién trong m1en thoi gian (hinh 10a, 10b) va m1en
tan s (hinh 11). Ta thay khi khong bd chinh, tiéng On tong hop ting cao hon tleng on so cap
khoang 2dB. Khi cé b6 chinh, tleng on tong hop giam khoang 15dB so voi t1eng on so cap Két
qué mo phong cho thay hé thong ANC c6 b6 chinh cho bo khuéch dai 4m tan lam viéc hiéu qua,
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hé théng giam duoc tiéng 6n ngay khi bo khuéch dai cong suit 4m tan bi bdo hoa do tiéng on
ngd vao tang cao.

Amplitude

Amplitude

Amplitude

20

05

05

]

(=1
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Armplitude/dB

[ —— ANC OFF
T === ANC loai 1|77
i i AMC loai 2
T-\'\_
Tl e

01 02 03 D04 05 06

Fregquency (kHz)

Hinh 9. Céc tin hiéu v6i ngudn tiéng on da tin thé hién trong mién tin sb

Primary noise

1 1 1 1 1 1 1 1 1
001 002 003 004 005 005 007 003 009 01
Secondary noise
1 1 1 1 1 1 1 1 1 ]
001 002 003 004 005 005 007 003 009 01
Residual noise
L L L L 1 1 L L L
001 002 003 004 005 006 007 008 009 041

Time(s)

Hinh 10a. Két qua khi khong bd chinh
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Hinh 10b. Két qua khi c¢6 b chinh



16dB mmds " :
s i i  1dB

Bienda[dB] (b)
Bien do[dB] (c)

Biendo [dB] (a)

i i i i
50 100 [pz] 180 20 T 50 w0 [Hz] 150 20 70 0 50 100 [z 190 200 20

Hinh 11. (a) Tiéng on so cép; (b) Tiéng dn tdng hop khi khéng bé chinh;
(c) Tiéng 6n téng hop khi ¢6 bd chinh.

5. KET LUAN

Bai bdo da gidi thidu hé thong kiém sodt tiéng On tich cuc hdi tiép ding mang noron md
loai 2. Biém méi ctia hé thong ANC dé nghi nhu sau:

- Viéc sir dung khau bd chinh bdo hoa ciia khau chap hanh;
- Viéc stir dung mang noron mo loai 2.
Dua vao phuong phap giam do (}60, bai bdo da xay dung gidi thuat huén luyén mang noron
mo loai 2. Sy hoi tu cia giai thuat huan luyén da dugc khao sat. Cac két qua md phong cho thay:
- Hé thdng dé nghi c6 thé hoat dong mot cch hiéu qua. Cdc két qua thuc nghiém s&
duogc gidi thiéu trong tuong lai gan;
- So sénh véi cac phuong phép khac, viéc sit dung mang noron mo loai 2 trong hé théng
ANC dat hiéu qua cao nhat.
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SUMMARY

AN ACTIVE NOISE CONTROLLER USING TYPE-2 FUZZY NEURAL NETWORK

This paper presents a feedback active noise control system using type-2 fuzzy neural

network. The new features of the proposed system are: firstly we introduce a saturation
compensator for the actuator and secondly we use a type 2 fuzzy neural network to estimate the
nonlinearity of the secondary path transfer function. Online dynamic back-propagation learning
algorithm based on the error gradient descent method is proposed. The condition of convergence
of the proposed algorithm is derived using a discrete Lyapunov function. Simulation results
show that the proposed method is effective.
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