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Abstract: To make the adaptive feedback active noise control system take into account the waterbed effect, a
double gradient algorithm is designed by limiting the secondary signal energy to adjust the noise amplification.
If the secondary signal satisfies the constraint, the algorithm iterates along the gradient direction of minimizing
the error signal energy, otherwise, it iterates along the direction of minimizing the secondary signal energy. The
comparison results in an active noise reduction headset show that the designed algorithm can adjust the noise
amplification while maintaining a large noise reduction bandwidth and its computation load does not increase
significantly.
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Fig. 1 Block diagram of adaptive feedback control

system
2 ML 8 Y% 5% 7 ) 5 (Filtered-x least mean
square FxLMS) 85K FH & /N5 77 1 2= N, &
SEFEH R 40 B ARk 2L

J(n) = Ble*(n)]. (3)
FHBARE S B2 5045 118 w (n) OIS REEE:
w(n+1) = w(n) + pe(n)a'(n), (4)

w(n) = [wo(n)vwl(n)v”' 7wL—1(n)]T7 (5)
Horb, w AW RS Lo /B 4. 2/ (n)
NI ZH(ES, Al

P-1
a'(n) = $(n)x(n—m), (6)
m=0
o, 3(n) ARGBRAEAG T S (2) BRI R, P oA
s(n) MK

“Leaky” 8 V% 1€ H bx o8 Z b 51 A 1% 517 10
“ywT (n)w(n)” BR i 42 il 25 5 H A0 OR R RE
R 1, HARHY 2R £k

J(n) = E[*(n)] + yw™ (n)w(n), (7)
o, 0 <y < 1. HAsHEREOER LN
w(n+1) = (1 - py)w(n) + pe(n)z'(n).  (8)

“Rescaling” HIEA KR FxLMS HiL 1 H bR &
B, T RAEE A ARG DL T WG L AU TR 17
BB Zy R (12, B



634 /éﬂ}%'?

2020 % 7 A

Yly(n+1)| < CHY,
w(n+1) =w(n +1) + pe(n)z'(n), (9)
y(n+1) = [z(n+1),2(n),---,

z(n — L+ 2)]Tw(n +1); (10)
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Table 1 Pseudo code of DGD-FxLMS al-
gorithm
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B2 if [y(n)] < C

w(n + 1) = w(n) + pe(n)a’ (n)
else
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Table 2 Computation load of the four al-

gorithms
KRGS ik JIIFS R
FxLMS 2L + P+1 2L+ P —2 0
Leaky 3L+ P+1 2L+ P —2 0
Rescaling 3L+ P+2 2L+ P —2 0(1)

DGD-FxLMS 2L+P+1 (2L +1) 2L+P—-2(2L—1) 0(0)
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Fig. 2 The devices connection in the active noise

control headphone experiments
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Fig. 3 Diagrammatic view of the 4 different inci-
dent directions of the primary noise and the ex-

perimental configuration in the anechoic chamber
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Table 3 Parameter settings of the four al-

gorithms

5% FxLMS Leaky Rescaling DGD-FxLMS

=0.003 p=0004 p=0.004
P o 2

E

u = 0.003

v=0.05 C =0.005 C = 0.001
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5% 1 “Rescaling” 512 10 A R B W i B ) )
£ 660 Hz #1740 Hz LLK, i “FxLMS” Al “DGD-
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[F] B & 7E 2000 ~ 4000 Hz A5 E P 1 1 75 il Kt 2
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tt “DGD-FXLMS” 5% % . “DGD-FxLMS” 5iE7E
300 Hz FHIT 3RS 9.5 dB 18 KP4 e &, AT 2% b i
BB LT A “FxLMS” B S i G
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Fig. 4 The ANC performance of four algorithms
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