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Abstract

noise canceller performance depends on the correla-

Single-reference and multi-reference

tion between signal and noise. However, exact rela-
tions between them are not known yet. In this paper,
the above relations are investigated based on mathe-
matical analysis and computer simulation. From the
simulation results, it is proven that the single ref-
erence noise canceller (SRNC) and Multi-reference
noise canceller (MRNC) performances are inversely
proportional to the signal-noise correlation. By us-
ing larger number of adaptive filter taps, the signal
distortion is increased.
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1. Introduction |

Usually, noise canceller problem is investigated
Unfortu-
nately, in some practical applications, several noises
may be propagated from defferent noise sources [1].
In SRNC and MRNC, one essential assumption is
that, the primary and auxiliary input signals must
be noncorrelated [2]. However, exact relations be-
tween noise canceller performance and signal-noise
cross-correlation are not well known.

based on a single reference noise source.

The objective of this paper is to investigate these
relations . The noise canceller circuits are described
in both configurations.

2. Single-Reference Noise Canceller

2.1 Block Diagram

Figure 1 shows a block diagram of SRNC. The
blocks F1 and F2 represent the transfer function of
the noise paths. A transversal FIR adaptive filter is
employed. The adaptive filter is adjusted by using
NLMS algorithm.
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Fig. 1 Single-reference noise canceller

3. Computer Simulation

3.1 Noise Path Characteristics

A second order transfer functions are employed
for the noise paths F1 and F2. It is given by

1 —2pcosfz! 4 p?z~2?
°1 - 2rcos¢z~1 + r2z—2

¢ = n/4Rd, p

H(2)=h (1)

6 =

F1:
m[Rd] :
F2: r =08, ¢=n/2[Rd], p=1, 6 =nx[Rd]
Figure 2 shows the amplitude responses of the filters
F1 and F2.

T

0.8,

3.2 Simulation Results

Computer simulation was carried out using
the combinations, (1) Voicel/Multitone, (2) White
noise/ White noise, (3) Voicel/Workstation noise, (4)
Voicel/Voice2, (5) Multitone/White noise + one com-
mon frequency. Defferent SNR (signal-to-noise ratio)
are investigated. The signal and noise correlation is
computed based on the unbiased estimate [3], [4]. Ta-
blel establishes the relation between noise canceller
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Fig. 2 Amplitude response of F'1 and F2.

performance and the signal-noise correlation. The
cross-correlation mean (CCM) is calculated by aver-
aging the absolute value of the cross-correlation func-
tion. Figure 3 illustrates Table 1. As shown in Fig.
3, the noise canceller performance is inversely pro-
portional to the signal-noise correlation.
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4. Multi-Reference Noise Canceller

4.1 Block Diagram

The signal is generated from a single source.
The noises are genereated from two separated sources.
Figure 4 [1] shows a block diagram of the multi-
reference noise canceller. F};, i=1, 2, j=1, 2, 3 rep-
resent noises paths from the noise sources 1 and 2 to
the adders 1, 2 and 3. Two FIR transversal adaptive
filters, AF1 and AF2 with M tap-weights, are em-
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Fig. 3 Signal-noise Cross-correlation and NLMS
Performance. (a) Cross-correlation and SNR2
Relation. (b) Cross-correlation and Delta Relation.

ployed. The adaptive filters tap-weights are adjusted
using the NLMS algorithm.

4.2 Optimum Adaptive Filters for Noise
Cancellation '

We derive a simple relationship giving the optimum
transfer functions of the adaptive filters, from Fig. 4
. The z-transform of the desired response is

D(z) = §(2) + N1(2)F11(2) + N2(2)F21(z) (2)

Where, S(z), N1(z) and N2(z) denote the z-transforms
of the signal, noisel and noise2, respectively. The
adaptive filterl z-transform is given by

Ul(z) = N1(2)F12(z) + N2(2)F22(z)  (3)
Similarly, the adaptive filter2 z-transform is
U2(z) = N1(2)F13(z) + N2(2)F23(z)  (4)

The z-transform of the adaptive filters 1 and 2 out-
puts resultant is

Y (2) = AF1(2)U1(z) + AF2(2)U2(z) (5)
The z-transform of the canceller output is
E(z) = D(z)-Y(z) (6)

= S(2)+ N1(2)F11(z) + N2(2)F21(z) —
AF1(2)[N1(2)F12(2) + N2(2)F22(2)] -
AF2(z)[N1(z)F13(2) +

N2(z)F23(z)] (7)
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When the two adaptive filters converge to the opti- 4
mum solution, the canceller output equals the signal. 2 ::":
That is, E(z)=S(z). Then, ol
0 = NI1(2)[F11(2) — AF1,p(2)F12(2) — N N
AF2opt(Z)F13(Z)] + N2(Z)[F21(z) - 00 0.1 0.2 03 04 0“;5 0.6 07 oR 09 1
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AF2,p4(2)F23(2)) (8)

Fig. 5 Amplitude responses of F22 and F23
Where, AF1,,; and AF2,, denote for the adaptive

_filters 1 and 2, the optimum transfer functions respec-

tively. Under the assumption that noisel and noise2 5.2 Simulation Results
Addl :
s(n)

Signal d(n)

foe | o P

The signal source generates a speech signal. Noise
sources 1 and 2 generate white noise and worksta-

tion noise, respectively. Table2 shows the simulation

= results . The optimum solutions do not include ef-
Some] fects of the signal-noise correlation. The adaptation
is affected by the correlation. The cancellation is
increased as the number of adaptive filter taps is in-
Noise creased. To confirm this analysis, the following com-
Souree? bination is considered. White noise & Single tone 1
and White noise & Single tone 2. SNR1 equals 0 dB

and each adaptive filter has 20 taps. Table3 shows
the results.

Fig. 4 Multi-reference noise canceller block diagram
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Table2: SNR2 after noise cancellation using optimum solutions with a finite number of M taps.

M n| 0 100 00 400 [ 800 | 2000 [ 250
SNR2

n 4 3 n i 9718 |2%
(dB) ‘

From Table3 the lower the tone frequency, the worse
the cancellation. Of course, speech spectrum is mainly
at low frequencies ; then, when the tone approaches
the low band, its correlation with the speech increases.

Table3: Tones 1 and 2 frequencies and SNR2 relation.

fl [KHz]
0.1 0.2 0.3 1 3.8
f2 [KHz]

SNR2=-
0.1 13 14 14 14

10dB
0.2 1 13 16 18 19
0.3 12 14 16 20 22
1 13 17 20 21 23
38 12 15 18 22 26

fl: Tonel frequency; f2:

Tabled4 shows effects
cancellation. The combination Speech signal,White
noise and Workstation noise is considered. SNR1
equals 0 dB. For 20 taps, the improvement is 15
dB. This is lower than 20 dB obtained in SRNC
for the combination of Speech and Workstation noise
shown in Tablel. As a matter of fact, MRNC is more

sensitive to cross-correlation, than SRNC. Moreover,

Tone 2 frequency.

of the number of taps on the

when the number of adaptive filter taps is increased,
SNR2 is reduced.

Tabled; SNR afer noise canellaion by adusing the adapive filers of M taps

M 0 0 100 20 400 | 800 | 2000 | 2500
SNR2
15 15 14 12 9 1 5 5
(dB)

6. Conclusion

performance is inversly proportional to the signal-
noise correlation. Moreover, a larger number of adap-
tive filter taps provides significant signal waveform
distortion. The performance of MRNC is more sen-
sitive to the cross-correlation than that of SRNC.
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Single-Reference and Multi-Reference noise canceller

performance have been investigated based on signal-
noise correlation. The simulation has shown that the
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