
1. INTRODUCTION

The specific signal in real wave motion type environ-

ments, such as those created by sound, vibration, and electro-

magnetic waves, frequently exhibits some very complex fluc-

tuation forms of a non-Gaussian type, owing to natural, so-

cial and human factors.1,2 Furthermore, the observed data are

inevitably contaminated by the background noise of arbitrary

distribution and type.3,4 In these situations, it is often desir-

able to estimate several evaluation quantities, such as  (av-Leq

eraged energy on a decibel scale),  (  percentileLx !100" x#
level, ), the peak value, the amplitude prob-x $ 5,10, 50, 90, 95
ability distribution, the average crossing rate, the pulse spac-

ing and duration distributions, etc. of the specific signal.

Without losing their mutual relationships, it is indispensable

to estimate the original wave fluctuation form itself of the

specific signal based on the observed noise data.

Hitherto, many methodological studies have been reported

on the state estimation for stochastic systems.5,6 However,

many standard estimation methods proposed previously in

studies of stochastic systems are restricted only to Gaussian

distributions (in most cases, zero mean).7,8 Real wave motion

type environments often show an intricate fluctuation pattern

rather than the standard Gaussian distribution. For example,

since the specific signal in sound environment systems is

usually measured with a sound level meter, the sound envi-

ronment very often may be considered on an energy scale as

a system with a signal of non-zero mean. So, it becomes es-

sentially a big problem to apply the conventional state esti-

mation methods to the present situation without any improve-

ment to them.

In our previous studies,9,10 several state estimation meth-

ods for a stochastic environment system with non-Gaussian

fluctuations have been proposed based on expansion expres-

sions for the probability distribution. Since our previously re-

ported estimation algorithms were based on the whole of the

probability distribution, their derivation processes became

rather complicated.

In this study, a dynamic method for estimating a specific

signal with the existence of background noise with a non-

Gaussian distribution form is proposed in a recursive form

suitable for use with a digital computer. More specifically, by

paying attention to the power state variable for a specific sig-

nal in a wave motion type environment, which exhibits com-

plex probability distribution forms, we propose a new type of

digital filter for estimating a specific signal on a linear power

scale. In the case of considering the power state variable, a

physical mechanism of contamination by background noise

can be reflected in the state estimation algorithm by using the

additive property between the specific signal and the back-

ground noise. A Laguerre polynomial is suitable to represent

the power state variable, which fluctuates only within the

positive region. The proposed digital filter positively utilises

the additive property of power state variables in the estima-

tion algorithm. Instead of focusing on the whole of the prob-

ability distribution in our previous studies,9,10 by applying the

well-known least-mean-square method for the moment statis-

tics with several orders, a simplified estimation algorithm is

derived from a practical viewpoint.

The proposed method can be applied to the assessment

and regulation of environmental noise such as road traffic

and factory noise. Because background noise always exists in

the measurement of environmental noise, the effects of the

background noise must be removed from the measured data

in order to evaluate the environmental noise. Furthermore, in

the actual living and/or working environment, various elec-

tronic equipment exists, which generates electromagnetic
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The observed phenomena in real wave motion type environments (sound, vibration, and electromagnetic) are in-

evitably contaminated by the background noise of arbitrary distribution and type. Therefore, in order to evaluate

a wave motion type environment, it is necessary to establish some estimation methods to remove the undesirable

effects of the background noise. In this paper, we propose a digital filter for estimating the power state variable

of a specific signal with the existence of background noise of non-Gaussian distribution form. By applying the

well-known least-mean-square method for the moment statistics with several orders, a practical method for esti-

mating the specific signal is derived. The effectiveness of the proposed theoretical method is experimentally

confirmed by applying it to estimation problems in real sound and magnetic field environments.
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