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Adaptive active noise control based on Renyi’s quadratic entropy

ZHANG Xing-hua, REN Xue-mei
(School of Automation, Beijing Institute of Technology, Beijing 100081, China)

Abstract: The classical feedforward active noise control methods with mean-square error criteria only consider second
order statistics of signals, but neglect real existing non-Gaussian signals. Therefore, these methods do not perform well
for non-Gaussian noises. An adaptive finite impulse response(FIR) controller with filtered X algorithm based on Renyi’s
quadratic entropy is proposed to attenuate the noises. Renyi’s quadratic entropy is defined as the performance index; and the
probability density function of the system error is estimated by Parzen windowing estimation method. Renyi’s quadratic
entropy information gradient descent algorithm is applied to the adaptive FIR controller. In addition, the computational
complexity and convergence of the proposed algorithm are analyzed. The simulations of single frequency signal and real
non-Guassian broadband noises demonstrate that the proposed scheme can improve the non-Gaussian noises reduction
performance.
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1 5|3 (Introduction)

Leug# i 1 3= 30 B 75 % HHill (active noise control,
ANO)MAH L # s s s ) R AN R R A
25 SR B, 5 B 2 %1000 Hz B T i A5 e
LRI B AR, B R T B AR AT R G
BriE. BRI N A 2 T3 77 1% % (mean square
error, MSE)#E | {4 AH 5¢ 55 3%, H A SR FIFIRJE UK #%
PRIV B X B /N8 7 (filtered X-Least mean square, FX-
LMS) J H &Pt Bk~ N )32, (HIX Sk
T-MSEME I PR 530025 2 7 8 75 16 2 s T o A R
AT AT, INE IR T (5 5 HI2B G vt &, 288 T 5
W . FH Hp K B A7 P =l e e s i ), R PR
&5 1 vy 1T M S s ol 1), S e R A BB AR R
Mg P 155 VO ) S 3K
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ZQMrgiit &) et RE T A R, BE B4

Wk H #A: 2008—07—31; W& Scka H #: 2009—03—12.
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Mg 7 2 A, PR R e S R 7 s ) ) R

% 18 S by £ B W P P R Gl e e A
AR SCHE M T FE T IR BX-2F Reny i (15 B AR LT
F%(filtered X-Renyi’s quadratic entropy information
gradient descent, FX-RQEIGD)#. 2 () H i& M FIR ¥
BRI AS. BT IR VA TR 0 M AR B A0 RE
AR B KA, 1% H2BRenyifi 1F b U0 40 M
REFE #r, Wi Parzen & 77 il v R AR Z ML R &
BERREL, 45 H T 2B Renyiffi IR IE A I, # S HFX-
RQEIGDH.¥%, J 45t T Sk e st Aot S = 2%
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2 F F2HrRenyiff§ 1 B & N F 3) B = #
#l(Adaptive active noise control based on
Renyi’s quadratic entropy)
2.1 EFREFEEHIRG(ANC systems)
7E B BT 75 B9 AT 4t 3 B R S 4R R &b,
=y e 7 4 o 3 Uk A 4R M B IS FIRJE B A,
W TE BB P (2) 2 ) S W 7 N W 7 R B AR 22 AR
BIE TR, B A (k) Bd(k) M2 1% 35 5
B d(k)R R Z AL 75 AW B E PR S &,
d(k) = p(k) * x(k), p(k)k £ BIEP(2) K kb
B, « RINERMEBIN, S (2) ALt RFBERAY, 4%
T 4 (k) By (k) A% 338 B B0 (k)2 125 1) 25
Hu (k) TE R ZE A F5 B A0 P~ AR I IR e 75 45 5, BIR
oA FE IR BB T R IR G 75 4y B
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Fig. 1 The feedforward active noise control systems

T SE Fr 2R 4852 B HE = 7 e S 1 R ), SR 3
FMSE#E M FIFX-LMS K H i i ik~ B RE i
JEAL PR AL B R T A R I B SR . [R I, AR SCH
FE T BEv E3E N, DUE B AR = g s
K H K. ANCREWRZSE Se(k) iR EL MK
MfE5, He Xh

e(k) = d(k) — y(k) = d(k) — s(k) xu(k), (1)

Hors(k) IR PR IEAEELS (2) K B H 38 N
BEHIR s Hu(k) = WT(k)X (), P X (k) =
[2(k) x(k — 1) -+ z(k —n+ 1)]TK B & N
|IVRNAG T, noh M B & NFIREE ) 25 1 B 44,
W (k) A gtE B & NARHI 3 AR B n) &
2.2 R FFX-RQEIGDH ¥: [ FIR# $I(FIR con-
trol based on FX-RQEIGD algorithm)
T TH #F 5% 3 T2 Renyifi IFX-RQEIGDH. i
1) B & MFIRYE i 28, WFIRYE ] 248 A R # n =
W (k) =[wor wig -+ wo_1 ], WMAFEX (k) =
[z(k) z(k—1) -+ x(k+n—1)]", nh HIENFIRE
A B B Edl s Hu(k) = W (k)X (k). &
M ARG R Z 12K Renyifi§ A
Hpa(e) = —log( | f(e)*de), @)

Hr f(e) ARENLIAR B e FIMER % L R B WA R E
X FK) 45 K TR AT 40, 2B Renyiffi i 2 HoAth g & A
HAE EARAT. kR ZR Z e (k) 2B Renyifii A
Ho (e (k)) =
—log( [ f(e(k))*de) = — log(E(f(e(k)))), (3
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(probability density function, PDF)f] i B {E f (e(k))
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(k) = s(k) * x(k), «RALEHEER. 7ELEbr E3)



12

GRS HE T2 Renyiffi Y] F & W 3 e 75 124 1403

Mg e 42 1) Elﬂ??kélﬁ(iﬁﬁ*ﬁ?&S(z)%ﬂifﬂﬁ‘Jm, i

B —AFIRIEH S (2) MiTH IR B ERELS (2).

BRI IR AR 5 X () ¥ e R 75 A -5 R 2 i e 15
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.9 (=) OB i .

3 FX-RQEIGDHE LR W stk Xt H K
7% FE 43 H1(Convergence and computational
complexity of FX-RQEIGD algorithm)

3.1 l&ﬁ(‘fﬂiﬁ}ﬁ(Convergence analysis)

EE 1 7R T 20 Renyif K B & M ETES)

M P 4 o o, 24 0@ Y. 3 B R S FIRTE )45 1) o >0 3

U0 < p < 2w (k) AW (k)/|| AW (k)|*

i, MFX-RQEIGDHE LI SK.

IE RERMBUE R R AW, & X E SR a%

WA HBIERENAW (k), B

W(k+1)=W(k) — uAW (k). (10)
EXMARERE M EW (k) = W*—W (k), RA0)H
AFRBW*, f

w(k+1) =w(k) + nAW (k). (11)
KRADKIPLFFRA B A E, 15
lw(k + D)I” = [lw(®)|I* + 1| AW (K)[|* +
2uw” (k) AW (k). (12)
N ARAE B & N HERSL TE|w(k + 17 <
lw(k)||?, AT432]
0< 1< 2 (AW (R)/|AW (R)|P. (13)
¥RAOFAW (B)HRAK13),
0<pu<M, (14)
Hrp
-1

M = {-2 :; rig(e(k) — e(i))(e(k) —

i=k—L

N

c@OY/ AW R)I* 30 ko(e(k)—e(i)},

i=k—
e(k) = w' (k) X'(k),e(i) = w (1) X'(4).
B A% B8 S 3B b e A, MR B R F 55 B AR
@) H M5 F R T, B 2
K, (e(k) —e(i))(e(k) — e(i)) <0,
M A KT Z R HEL UEEE.
3.2 HE 8 2 (Computational complexity )
% FFX-RQEIGDH 1% FIANC R 4t I 7 5 & 24
FE M AL FE LR 3R T FIR A ) 28 8 Hi (k)
THEIEWAE 5 X (k); IFEAUEEFH ARO). RS
2t TEFX-LMSH ¥ 1 24Parzen’? 5 & 2% b FFX-

RQEIGDH EAEANCR G2 E W B E R E, H
Hm ok YR % T8 FIFIRFE AR BLS (2) I B ¥, n ol B
K H B & NFIRY ) 2% I B 40, LAy Parzen® %5 FE K
/N, L € 7+, #FFX-RQEIGD{# B N F-R.

F RS 0 3

Table 1 Comparison of computational cost

Hk e JIIPES B
FX-LMS 2n+m+1 2n+m —2 0
F-RL=1 2n+m+3 3n+m+1 0
F-RL=2 in+m+5 5n +m 2
F-RL=10 12n+m+13 2ln+m+8 10

1 #1740, B FFX-RQEIGD(F-R)& i 75 E 4]
FParzen & i vF /5 ¥ A1 23R8 R 48 1R Z WPDF, [H 1t
WK TR 2. MR A Fe 2 ML = 1R,
fai bk FX-RQEIGDH. ¥4 [ 1F 8 B 74 ¥ 5FX-LMSH
AR, BRI A

W(k+1)=W(k)+ po2Ae(k)AX'(k), (15)

Hrp: Ae(k) = e(k) —e(k —1),
AX'(k)=X"(k) — X'(k—1).

H 1540, AL IKFX-RQEIGDH EA X B H 5
FX-LMSH v AR 45 #1. A [] Fr) 2 e e i 34
Ae(k) FIAX' (k) fOEBER e (k)X (k). Bk, 2
L = 1K}, FX-RQEIGDH % B 5FX-LMSH % AH
BURG) S5 R AR 24 S

4 {fE(Simulation)

T 43 S % A G BN Sz ) B A v S R S
FhRATIGE 75 EAT 05 B, B0 AIE BT 3R S92 I B R R 76
T 5 B R O E A AR BN R &, B
TE N B M 7R 4 1 A8 3% P FIR JE U 2%, B ik hy40.

e 1 HERGH EEELLRBRH X
BRI S5, BONREA LR REH AR T BB H 4
P(z) = 27% = 0.327° + 0.2z, IRGUBIER A h 4F
AL RS S(2) = 272+ 1.2273 — 04527 iy
ANEFE A5 5 0150 Hz B Ak & Wi 5 5 (H 20 4 7
HAMEFE): sin(27 « fy «t), f1 = 150 Hz, RS f, =
11025 Hz. % FHFX-LMSH LR, % 3] 3 % 50.002;
N FHFX-RQEIGDH V: I, S8 4R EW L = 1,
oc=1pu=03FL = 10,0 = 1, p = 0.015%
GOl B2 FE T PR VL ANCYT 150 HzME {5
5 P MR S ) 280 R TR (e 7S T 2R, A 45 SR AR B
FX-RQEIGDH 1 B FX-LMS 5 5= 75 B 5 I 5 17 g
75 5 TH ) B R AR 5, 24 R FIFX-RQEIGDA LB, 1%
FEL = 10F T e RUR B ER L = 10 SE 47 /7
M AR R
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Fig. 2 Control performance of 150 Hz pure noise cancelled
PiE 2 TE NI 0 T A% 3 pR B0
HIP ISR WA EE S AN ksl
T A S SR AR ) B8 AE v TR A, 22 LR Oy
1000 Hz i 38 98 5 4%, 19 21 58 717 3 vt 7 R e 75,
KR f, = 11025 Hz.
7E 1% FIFX-LMSH ik i, %% 3] & 40.007; B
MFX-RQEIGDEVEA, ZH I3 HIERL = 1,0 =
0.08, . = 0.06 /1L = 10, 0 = 0.05, u = 0.003.
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Fig. 3 The noise cancellation effect for FX-LMS
' L=1,FX-RQEIGD $:J#i

50 H]’ LlaF;(ilszEIGthHa.rﬂi
m 40P ‘f fil iy - T
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= 0
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Fig. 4 The noise cancellation effect for FX-RQEIGD

B3 49 2 FFX-LMSH I ANCXT 55 5 | w5 1 e
110 o2 M 25k SR PR (e 7S T R, #h K AT R AR SR N
FFMSEHE N FIFX-LMSH v % 55 35 i (R AT e
7T A SR ANEAR. 40k 3 FFX-RQEIGDH I 1
ANCH HIAEAS [ B 11 58 B B %of 58 7 A e 20 e 75 )
e s 35 L PR, ) L 45 SR 3R WIFX-RQEIGDH 72 %Ik

AR 1R T e 7 R L T R R AR, R ST B4 W
420 dB, T HFX-RQEIGDH 2 [{]Parzen & % B 7E 1%k
L = 10045 SE 47 v R R R

DL B R W, 2T 2B Renyilfi i 5h e s
3 K B AT A e AR ey S o BT MR 7R YA L ) T
MR
5 Z5i8(Conclusion)

AICKAF BN A F E3h e s R Wi,
$& 5 F 20k Renyiifi (1) B 3E V. 3= 2 B 75 4 1 5%,
F) FParzen & Al v+ 77 V519 B R R Z MR %
PR AL, 25 H 2 T2BRenyifff FIFX-RQEIGDH. ¥, If
P2 B S R R R AT . %
15 78 4 F) F 2/ Renyiff fig £ 75 il A1 AR & 4% 356 =
5 B34, BEF S50 fif vk 3F w7 Rk 75 428 11 ) 8.
MParzentd % BELEUIEY, B AR FE F2MRenyili 1) &
53T 07 R 22 HE N I EX-LMS &k B A HBLK
SEA A A AR VH S AR B, (H B B 4 1 P e A
B 45 B3R W AR b 3 T MSEHE ) I FX-LMSH
1%, FX-RQEIGDH.: 5%t A iy W AT e 75 45 B 4 () %
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