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CONTAMINATED BY BACKGROUND NOISE AND ITS APPLICATIONS TO ACTUAL NOISE
ENVIROWENT
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Faculty of Engineering, Hiroshima University, Shitami, SaiJo-chc. Higa-
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INTRODUCTION

Generally speakingI from the engineering viewpoint for evaluating a
stochastic environmental phenomena in our daily life, such as residence
noise. road traffic noise, machine and structure vibration etc.. there
is very often a necessity of estimating any of statistical quantities
like mean, variance and the other higher order moments. owing to the
fact that various evaluation procedures have been proposed from many
different viewpoints because of the variety of phenomena and the com-
plexity of human response to them. Furthermore, in the actual situ—
ation of measuring the environmental noise level fluctuations. it is
very oftem that only the resultant phenomenon can be observed after be-
ing contaminated *by a background noise of arbitrary distribution type.
Then, in order to evaluate the actual environmental noise through the
observed noisy data embedded in such undesirable additive noise, some
systematic methodology should be definitely necessary for removing the
effect of an background noise on the evaluation indexes of the phenome—
na.

For the purpose of evaluating or controlling more precisely the actual
noise environment under an inevitable additive noise, a unified method—
ology of detecting the unknown noise signal with arbitrary distribution
type based on the successive observations contaminated by the back—
ground noise is newly proposed in this paper. More concretely, as one
or systematic methodologies of treating the above estimation problem on
the statistical evaluation quantity of arbitrary type. the so—called
Bayesian point of View is firstly employed. After introducing the ap-
propriate probability function describing the essential or mndanental
probability characteristics commonlu latent in the random noise phenome- '
no, a new expression of Bayes' theorem is found in the form of ortho—
gonal series expansion, which is suitable for deriving a recurrence
algorithm of estimation on statistical quantities of arbitrary type
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matched to the successive observation of environmental phenomena. It

is noticeable that the proposed method corresponds to some generali-

zations of well-known Kalman's filtering theory. That‘.i_s, it can

treat the general cases when an arbitrarily distributed input noiss

passes through an arbitrary non—linear dynamic-a1 environmental system

with possibly time-variant parameters.

Furthermore. apparantly as s part of background noise or substantially

as the different additive noise from background noise, the error noise

derived from an idealized situation in the case of modelling mathe—

matically the actual environmental system' is newly taken into consider-

ation in the above general estimation method. For instance, in the

actual situation of road traffic noise or room acoustic. there are some

deviations from an idealized auto-regressive model'due to the mathe-

matical modelling or an idealized average—energy concept of Sabine‘s

reverberation equation.

Finally. the validity and the effectiveness of proposed theoretical

results are experimentally clarified through the several applications

.to actually observed data of road traffic noise and of room acoustics

in Hiroshima city.

THEORETICAL CONSIDERATIONS

A Unified Estimation Method for the Environmental System linden Hask—
ground Noise Analyzing the random fluctuations of the physical

pnenomenon by applying the systematic procedure in the field of time

series analysis. we will model the environmental noise system in terms

of the non—linear time-variant dynamical model with a general station—

ary random input of arbitrary distribution type. Uk. as follows:

xn+1 = 6kmk' "k" (1)
where Xk is the state variable at the k—th time stage. -lt is usual

that the instantaneous observations of the random phenomena in the en-

vironmental pollution problems are given in the form of level values

with a discrete time. after contaminated by the background noise and/or

the measurement error of arbitrary type. Then, in order to derive the
unified methodology for estimating the unknown state Xk of stochastic

system (1) based on the successive observations contaminated by the un—

desirable additional noise, we will formulate the physical measurement

mechanism by using newly the observation equation expressed as follows:

yk = Hk(xk, vk). (2)
where yk denotes the noisy observation of the environmental system (1)

contaminated by the observation noise Vk. The statistical information
on the input Uk and the background noise Vk is assumed to be a priori

given. '

Now, let Yk be the sequence of observations fyl. y2,u-. yk). Given
a realization of the observed sequence Yk, the discrete estimation

problem consists of finding the estimate of an arbitrary function or xk  



  

Dynamical Estimation of Noise Level
—————————_

based on Yk. Then. consider the Bayes' theorem on the conditional
probability functions as the fundamental relationship to derive an

estimation:

kam) = P(Xk|Yk_1)‘P(yk|Xk. Vk_1)/P(yk|Yk_1)- (a)

In order to overcome the difficulty ofrestimating the unknown noise
signal Xk owing to an inevitable effect of the nonlinear physical mech—
anism of enVironmental noise system and the non-Gaussian property of
fluctuation on the evaluation indexes of PhenOmena, we will evaluate

the nonlinearity of systems and the non—Gaussian ‘property of fluctu-
ations with the introduction of unified orthogonal series expansion
expression with respect to the Bayes' theorem (3). From an analytical
viewpoint of the rapid convergence and the steadiness for the expansion
series type expression of Bayea' theorem, the arbitrary probability
density function has to be selected as the first term of the series
expansion. This artificial probability function had better to be

selected to describe the essential or fundamental probability character—
istics commonly latent in the random phenomena under consideration.
Finally, the following newly-derived expansion expression can be obtain-

ed by introducing the artifical probability functions P0(XkIYk_1) and
Po(ykIYk_1) forthe series expansion:

P(Xklvk). = “:0 mgoim -.v§|“(xk)-vl‘f’(yk)-P(xklyk_l). (a)
where 1”) (Xk) and “2 “(yk) are orthogonal polynomials of degree In
and n, ass'gcisted with the weighting functions.Po(XkIYk_l) and Po(yk|
Yk_1). respectively. Then. based on {he unified forllrof series ex-
panded Bayes' theorem, the estimates of any kind of statistics given by
an arbitrary polynomial function fom fm-(Xk) with an exponent less
than m' of state variable can be recursively obtained in the concrete
expression of orthogonal efpansion series type. as follows:

A - m - -rm.(xk)s<rm-(xk)|Yk>=mgo “guano” f’kal/ngvogéZNyk). (5)
where the coefficient Cmum is determined to express fm.(-) with use of
{v(1)m(')). It is noticeable that the above new result include some
generalization on the type of estimation processes, viz.. it can cor—
respond to general case when an arbitrarily distributed input noise
passes through an arbitrary nonlinear (possibly time—variant) system

A Unified Estimation Method for the Environmental S stem Under Bac
ground Noise and Modelling Error Generally speaking. in the actual-
situation of evaluating or predicting the random phenomena. it is some—
times inevitable to consider the undesirable modelling error generated
from incomplete situation in the actual measurement ( i.e.. the actual
observations in an environmental field are very often given under the
unsatisfactory situation without keeping the idealized physical pro-
perty assumed abstractively in the theoretical research ).. together
with an additional background noise. Apparently as a part of back—
gorund noise or substantially as the different additive noise from
background noise. the error noise derived from an idealized situation
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in the case of modelling mathematically the actual environmental system

should be newly takeninto consideration in the proposed methodology.

Then. in order to establish the unified methodology, we will formulate

the environmental system in terms or the nonlinear dynamical model with

a general random input,Uk, oi: arbitrary distribution type, as follows:

_ = A
yk —¢k(ak. Uk) + Vk + ck. ak+1 ak (= a l. (6. 7)

where ak denotes the unknown time—invariant parameter of the stochastic
system In the problem of room acoustics. the unknown state ak cor-

responds to a reverberation time.

Considering the modelling error :k in Eq.(6) as the biased value of the
observation yk, we can derive the recursive algorithmof estimating ak,

based on the unified algorithm (5). Unfortunately, owing to the
existence of modelling error. the estimate cannot be calculated. Now.

-let us consider the fact in the actual measurementzi) The observed data
are given in the averaged rorm through the averaging indicator or the
sound level meter, ii)'l'he evaluation of the phenomena is usually ex—
pected to remove the effect of modelling error on the averaged statitics.

Thus. after expanding the algorithm (5) into a Taylor‘s series expansion,

the following averaged algorithm:
: . M‘ - (2) - (2). a . > = < .rm (3k) (rm (Bk) MED n50 Amncm'm‘yn (ykvngOAOn'n Wk”: (8)

Hereupon, the criterion function (tks>=0 (s>0) has been adopted, which
is introduced by generalizing the Sabine's concept of averaged energy
in an idealized situation when removing the modelling error in a statis—
tical form. Thus we can estimate the unknown state of Eqs.(6) and [7).

EXPER IPIENTAL CONFIRMATIONS

We have estimated the
reverberation time T Experiment:
of the room. by using . ' Theoretical Estimates:
Eq.(8). The experi- I 30:15.14 s
mental data are ob- ' ~ I'D-5.42 5
served in Hiroshima ‘ ‘
University. One of
the typical results

is shown in Fig.1.

CONCLUSIONS

The chief purpose o'.‘

this paper is focused
on finding how to Fig.1 Estimation of reverberation time T.
extend the wellknown
resuls by Kalman by generalizing Bayes‘ theorem in a new form of unifi-
ed series expansion. especially in order to be suitable for finding a
recurrence algorithm on statistical quantities of arbitrary type.
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