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Bayesian filter aimed at noise suppression based on hybrid use of bone- and
air-conducted speech signal
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In this study, in order to suppress the noises that inevitably exist in the
observed speech signal of actual environment, a signal processing method to remove the noise for
actual speech signals was proposed by jointly using the measured data of bone- and air-conducted
speech signals. According to the additive property of sound pressure, the observation of
air-conduced speech signal can be expressed as a linear model of the speech signal and a background
noise. Furthermore, a propagation model with unknown parameters was introduced as the bone-conducted

speech signal model. By introducing Bayes’ theorem based on an orthogonal expansion expression of
probability distribution, an algorithm for noise suppression was proposed. By applying the proposed
algorithm to real speech S|?nals measured in an anechoic chamber, it was revealed by experiments
that better estlmatlon results were obtained by the proposed algorithm as compared with the method
based on only air-conducted observations.
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PEI, Performance Evaluation Index
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(a)
S/N RMS Error Performance Evaluation Index
Ratio Proposed Compared Proposed Compared
Method Method Method Method
1/1 0.013895 0.013995 4.0731 4.0105
1/2 0.016238 0.016755 2.7198 2.4474
1/3 0.017471 0.018244 2.0838 1.7078
1/4 0.018304 0.019203 1.6791 1.2628
1/5 0.018892 0.019877 1.4045 0.96327
1/10 0.020323 0.021511 0.77053 0.27713
(b)
S/N RMS Error Performance Evaluation Index
Ratio Proposed Compared Proposed Compared
Method Method Method Method
1/1 0.015180 0.016059 3.3047 2.8154
1/2 0.017486 0.019183 2.0761 1.2719
1/3 0.018699 0.020863 1.4938 0.54265
1/4 0.019338 0.021938 1.2021 0.10616
1/5 0.019811 0.022686 0.99202 -0.18504
1/10 0.020987 0.024414 0.49109 -0.82276
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S/N RMS Error Performance Evaluation Index
Ratio Proposed Compared Proposed Compared
Method Method Method Method
1/1 0.014828 0.018922 3.5083 1.3909
1/2 0.017592 0.022791 2.0424 -0.22529
1/3 0.019537 0.024837 1.1132 -0.97169
1/4 0.020103 0.026115 0.86505 -1.4075
1/5 0.020456 0.026977 0.71357 -1.6899
1/10 0.021072 0.028752 0.47891 -2.2431
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@
S/N RMS Error Performance Evaluation Index
Ratio Proposed Compared Proposed Compared
Method Method Method Method
1/1 0.019036 0.019073 4,5388 45218
1/2 0.021361 0.022836 3.5380 2.9579
1/3 0.021781 0.024908 3.3688 2.2035
1/4 0.021787 0.026283 3.3662 1.7369
1/5 0.022002 0.027282 3.2812 1.4129
1/10 0.022343 0.029916 3.1472 0.61220




(b)

S/N RMS Error Performance Evaluation Index
Ratio Proposed Compared Proposed Compared
Method Method Method Method
1/1 0.017730 0.022311 5.1560 3.1600
1/2 0.019917 0.026697 4.1449 1.6010
1/3 0.020478 0.029118 3.9046 0.84696
1/4 0.021991 0.030720 3.2856 0.38179
1/5 0.022206 0.031877 3.2009 0.060872
1/10 0.022329 0.034834 3.1527 -0.70972
(©
S/N RMS Error Performance Evaluation Index
Ratio Proposed Compared Proposed Compared
Method Method Method Method
1/1 0.019172 0.026065 4.4769 1.8092
1/2 0.019757 0.031325 4.2161 0.21255
1/3 0.020262 0.034177 3.9967 -0.54429
1/4 0.020798 0.036012 3.7657 -0.99868
1/5 0.022099 0.037291 3.2428 -1.3018
1/10 0.022310 0.040187 3.1602 -1.9514
1 2 S/N

Proposed Method

Compared Method

A. Ikuta, M. O. Tokhi and M. Ohta, “A Cancellation Method of Background Noise for a Sound
Environment System with Unknown Structure,” IEICE Trans. Fundamentals, Vol.E84-A,
pp.457-466 (2001).

A. Tkuta, H. Orimoto, “Adaptive Noise Suppression Algorithm for Speech Signal Based on
Stochastic System Theory,” IEICE Trans. Fundamentals, Vol.E94-A, pp.1618-1627 (2011).

“

" pp.52, (2014.3).
A, Vol.J85-A, pp.415-423 (2002).
. ” EA2008-24,
pp.39-44 (2008).
“ " SP2005-191,
pp.41-46, (2006).

5
H. Orimoto, A. lkuta and Y. Xiao: Method for Evaluating the Statistical Relationship between
Sound Pressure Level and Noise Annoyance Based on a Nonlinear Regression Model and an
Experiment, International Journal of Acousticsand Vibration, Vol. 21, No. 2, pp. 145-151 (2016).

Vol. 52, No. 7, pp. 385-392 (2016).
A. lkuta, H. Orimoto and G. Gallagher: State Estimation for Fuzzy Sound Environment System
with Finite Amplitude Fluctuation, Journal of Software Engineering and Applications, Vol. 10, pp.
625-638 (2017).
H. Orimoto and A. lkuta: A Bayesian Filter for Sound Environment System with Quantized
Observation, Intelligent Information Management, Vol. 10, No. 3, Article ID: 84820, 12 pages
(2018).




A. lkuta, H. Orimoto and G. Gallagher: Noise Suppression Method by Jointly Using Bone- and
Air-Conducted Speech Signal, Noise Control Engineering Journal, Vol. 66, No. 6, pp.472-488
(2018).

7
H. Orimoto and A. Ikuta: Statistical Faults Diagnosis Method by Using Higher-Order Correlation
Information between Sound and Vibration of Rotational Machine, Proceedings of 23th International
Congress on Sound and Vibration, 8 pages, (July, 2016).
A. lkuta: A Bayesian Filter for Sound Environment System with Quantized Observation,
Proceedings of INTER-NOISE 2016, 9 pages, (September, 2016).
H. Orimoto and A. Ikuta: State Estimation Method for Sound Environment Based on an Extension
Type UKF by Considering Non-Gaussian Noise, Proceedings of 24th International Congress on
Sound and Vibration, 8 pages, (July, 2017).
A. Ikuta and H. Orimoto: Noise Suppression Method by Jointly Using Bone- and Air-Conducted
Speech Signals, Proceedings of Inter Noise 2017, 8 pages, (August, 2017).
G. Gallagher, A. lkuta and H. Orimoto: A Countermeasure Method for Background Noise by
Jointly Using Bone- and Air-Conducted Speech Signal, Proceedings of 25th International Congress
on Sound and Vibration, 8 pages, (July, 2018).
A. Ikuta and H. Orimoto: Fuzzy Bayesian Filter for Sound Environment by Considering
Additive Property of Energy Variable and Fuzzy Observation in Decibel Scale,
Proceedings of Signal Processing on Algorithms, Architectures, Arrangements, and
Applications, pp. 197-202, (September, 2018).
H. Orimoto and A. Ikuta: Noise Cancellation Method for Speech Signal by Using an
Extension Type UKF, Proceedings of Signal Processing on Algorithms, Architectures,
Arrangements, and Applications, pp. 304-310, (September, 2018).

7
) 2015. 11
24
2015 11
G. Gallagher
2016 11
UKF
2016 11
G. Gallagher UKF
2017 3

H. Orimoto and A. Ikuta Fault Diagnosis Method by Using Multinomial Distribution Based on
Correlation Information between Sound and Vibration 2017

9
G. Gallagher, A. Ikuta and H. Orimoto A Noise Suppression Method by Using Bayes’ Theorem
Based on the Observation of Bone- and Air-Conducted Speech Signals

2017 9

1
A. lkuta and H. Orimoto: Static and Dynamic Methods for Fuzzy Signal Processing of Sound and
Electromagnetic Environment Based on Fuzzy Observations, “Lecture Notes” in the series “Studies
in Computational Intelligence” (SCI) published by Springer-Verlag, Vol. 620, pp. 171-187 (2016).

@
XIAO Yegui
8 50252325

ORIMOTO Hisako
8 80533207



