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Summary
The noise fluctuation is very often measured in a quantized level form at a discrete time interval.  By paying attention to this quantization procedure of the actual noise measurement, in this paper, a precise estimation method for the 
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 noise evaluation index is proposed by using the roughly observed data with quantized levels.  That is, we first introduce theoretically a general statistical orthonormal expression of the probability density function for the original noise level fluctuation of continuous level type before passing through the level quantization measurement mechanism. Based on this quantization mechanism, we propose an estimation method of the distribution parameters in the above statistical expression by using the statistical information on the roughly observed data.  By using the estimated distribution parameters, we propose a signal processing method for estimating 
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. The effectiveness of the proposed method is confirmed experimentally by applying it to first the simulation experiment and then the actual road traffic noise data.
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1. Introduction
When the statistical evaluation and/or prediction problems of a random noise environment are discussed, especially from the methodological viewpoint, the following points are essentially important :

(i)
As is well-known, the 
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 noise evaluation index plays an important role in the field of noise evaluation and/or regulation problems [1]. 
(ii)
The environmental noises which we encounter in our daily life exhibit various types of probability distribution forms, apart from a standard Gaussian distribution, due to the diversified causes of fluctuation.

(iii)
In an actual observation, the noise fluctuation is very often measured in a quantized level form at a discrete time interval [2].

(iv)
In this case, it increases in importance, especially from a methodological viewpoint, to establish a unified statistical treatment for evaluating 
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, and to develop a signal processing method for the reduction of level quantization errors.

(v) Moreover, when taking a fairly long term measurement, a reasonable estimation method from the roughly observed level data is very effective to reduce the memory capacity for computer processing.  As contrasted with this level quantization, it is necessary for the sufficient measurement accuracy to employ a suitably fine sampling interval [3],[4].

Based on these practical points of view, in this paper, a precise estimation method of 
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 for the original noise level fluctuation of continuous level type before passing through the level quantization measurement mechanism.  That is, we first introduce theoretically a general statistical orthonormal expression of the probability density function for the original noise level fluctuation of continuous level type before passing through the level quantization measurement mechanism.  Next, based on the quantization error in this quantization mechanism, we propose an estimation method of the parameters in this statistical expression by using the statistical information on the roughly observed data with quantized levels.  On the basis of this estimation theory, an estimation method for the 
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 noise evaluation index is proposed.


Finally, the principal effectiveness of the proposed method is experimentally confirmed by applying it to the simulation experiment.  And then, the practical effectiveness of the proposed method is experimentally confirmed by applying it to the actual road traffic noise data.

2. Theoretical Consideration
Let 
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 be an original noise level fluctuation with an arbitrary probability density function of continuous level type before passing through a quantization measurement mechanism.  Also, let 
[image: image10.wmf]y

 be the quantized level value of 
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 after passing through the quantization measurement mechanism, as shown in Fig. 1.  In this case, the mathematical relationship between 
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 and 
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 can be expressed by using the function form 
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 of level quantization mechanism, as follows :
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In general, a level difference interval is set to be a fixed constant value 
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.  Thus, by introducing integer number 
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, the above relationship can be rewritten as :
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Here, Eq.(1) can be rewritten by introducing the quantization error 
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, as follows :
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Let us introduce the statistical Hermite expansion series expression, which is generally applicable to the arbitrary non-Gaussian distribution form, as the probability density function 
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 of the original noise level fluctuation 
[image: image22.wmf]x

 before passing the above quantization mechanism, as follows [5] :
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(b) The quantized wave form




Fig. 1 Quantization procedure for measurement of noise level fluctuation.
where 
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 denote respectively the mean value of 
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 and the standard deviation.  Moreover, 
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 denotes an averaging operation with respect to the random variable 
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On the other hand, the relationship between the noise level fluctuation 
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 and the noise intensity fluctuation 
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 is given by :
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where 
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 denotes the reference noise intensity usually taken as 
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.  After introducing the dimensionless ratio variable for the noise intensity fluctuation, i.e., 
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 can be given after transforming 
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 given by Eq.(4) into 
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 based on the probabilistic measure preserving transformation, as follows :
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where 
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 is defined as :
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Based on Eq.(8), the mean value of 
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 can be expressed as :
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By substituting the mean value 
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 given by Eq.(10) into the definition of 
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, we can derive an evaluation method generally applicable to arbitrary noise level fluctuation with non-Gaussian distribution form, as follows :
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This estimation formula agrees with the previous study [6] derived from another derivation process.  It should be noted that the above evaluation method agrees completely with the well-known usual evaluation method as a special case with the assumption of the standard Gaussian distribution, as follows [7] :
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since the higher order expansion terms become zero for this case.  Thus, this estimation method takes a generalized form including the well-known simplified evaluation method as the first expansion term.  

It is necessary to estimate the above distribution parameters 
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 by using the quantized noise level data 
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where 
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 denote respectively the mean value of 
[image: image71.wmf]h

 and the variance.  By introducing the practical assumption of uniform distribution of 
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 in the level quantization interval 
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The expansion coefficient 
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 with respect to 
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 is expressed according to its definition, as follows :
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This formula can be rewritten by substituting Eq.(3), Eq.(13) and Eq.(14) into Eq. (17), as follows :
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Moreover, by paying attention to the statistical independency between 
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 and 
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, Eq.(18) can be rewritten based on the additive property of Hermite polynomial, as follows :
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From Eq.(19), the expansion coefficient 
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, as follows :
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From Eq.(20), the objective expansion coefficient 
[image: image93.wmf](

)

x

n

A

 can be estimated based on 
[image: image94.wmf](

)

y

n

A

 with the use of the statistics of 
[image: image95.wmf]h

.


It is possible to estimate the distribution parameters 
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 by using the statistical information of the quantized noise level data 
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, by using Eq.(13), Eq.(14) and Eq.(20).  Based on the estimated values of the distribution parameters, the objective 
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evaluation index can be estimated after substituting them into Eq.(11).

3. Experimental Consideration 
3.1 Simulation Experiment
In order to confirm the validity of the proposed method, it has been first applied to the simulation experiment.  In this simulation experiment, the random noise is generated by use of Gaussian random numbers.  The generated random noises have been roughly sampled at multiples of 5 dB quantized level difference with 
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 by use of the following two procedures :
(i) Procedure 1.  Round off the random noise level 
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 to quantized level 
[image: image103.wmf]y

 according to the following procedure :
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(ii) Procedure 2.  Round down the random noise level 
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 to quantized level 
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 according to the following procedure :
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where [ ] denotes a Gauss’ notation.


Because of the usage of Gaussian random numbers, it is sufficient to estimate only the mean value 
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 and the standard deviation 
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 in the proposed evaluation method.  And, the well-known estimation formula of Eq.(12) derived under the assumption of Gaussian distribution can be used in this simulation experiment.


Of course, it is impossible to evaluate precisely the experimental values of the objective 
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 by using directly the roughly quantized level data.  For reference, in the following experimental results, these experimental values based on the direct evaluation from the quantized level data are shown in order to compare these direct values with the estimated values by using the proposed precise estimation method.   


Table 1 shows the results for 
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 estimated by use of the proposed method for the simulation data by procedure 1.  Moreover, the estimated results by procedure 2 are shown in Table 2.  According to these tables, the estimated values by using the proposed method are in good agreement with the experimental values.
Table 1: The estimated results for
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by using the proposed method
for the simulation data (procedure 1)
	Experimental value (dB)
	Quantized level difference (dB)
	Estimated results by use of the proposed method (dB)

	
	
	Direct evaluation from the quantized level data (dB)

	72.9
	5
	72.8

	
	
	73.1

	
	10
	72.7

	
	
	74.8

	
	15
	74.1

	
	
	74.8

	
	20
	75.4

	
	
	76.1


Table 2: The estimated results for
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by using the proposed method
for the simulation data (procedure 2)
	Experimental value (dB)
	Quantized level difference (dB)
	Estimated results by use of the proposed method (dB)

	
	
	Direct evaluation from the quantized level data (dB)

	72.9
	5
	72.7

	
	
	70.9

	
	10
	72.6

	
	
	68.2

	
	15
	72.4

	
	
	67.0

	
	20
	72.3

	
	
	65.2


3.2 Application to Road Traffic Noise Data
In this section, we have applied the proposed method to the actual road traffic noise data with non-Gaussian property in order to confirm the practical effectiveness of the proposed method.  The road traffic noise data have been measured in Fukuyama City by use of a precision sound level meter.  In order to evaluate precisely and directly the experimental values of 
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, the A-weighted noise level fluctuation with a fine level quantization interval of 0.1 dB has been measured at a fine sampling time interval of 0.2 sec.  The total measuring time interval has been selected as 10 minutes.  An arrangement of the noise measurement is shown in Fig. 2.  As shown in the simulation experiment, the measured level data of road traffic noise have been also quantized at multiples of 5 dB level difference interval with 
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 by use of the same two level quantization procedures. 

Table 3 shows the estimated results for 
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 by using the proposed method for level data with a same quantized level difference of 10 dB (by procedure 1). Furthermore, Table 4 shows the results for 
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 estimated by use of the proposed method for the same data by procedure 2.  According to these tables, the estimated values by using the proposed method are in good agreement with the experimental values.
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Fig. 2  The arrangement of the noise measurement.
Table 3: The estimated results for
[image: image119.wmf]eq
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by using the proposed method
for road traffic noise data (procedure 1)
	Experimental value (dB)
	Direct evaluation from quantized level data (dB)
	Estimated results by use of the proposed method (dB)

	65.7


	66.7
	64.4  (First term)

	
	
	66.5  (First approx.)

	
	
	66.3  (Second approx.)

	
	
	65.6  (Third approx.)


Table 4: The estimated results for
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by using the proposed method
for road traffic noise data (procedure 2)
	Experimental value (dB)
	Direct evaluation from quantized level data (dB)
	Estimated results by use of the proposed method (dB)

	65.7
	61.7
	64.3  (First term)

	
	
	65.5  (First approx.)

	
	
	65.4  (Second approx.)

	
	
	65.6  (Third approx.)


4. Conclusion
In an actual observation, the noise fluctuation is very often measured in a quantized level form at a discrete time interval.  In this case, it increases in importance, especially from a methodological viewpoint, to establish a unified statistical treatment for evaluating the 
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 noise evaluation index, and to develop a signal processing method for the reduction of level quantization errors.


The main point of this study is how to establish a new statistical evaluation method for environmental noise by considering the level quantization mechanism of the environmental noise measurement.  First, we have introduced a general statistical orthonormal expression of the probability density function for the original noise level fluctuation of continuous level type before passing through this quantization measurement mechanism.  Next, based on the level quantization mechanism, we have proposed a reasonable estimation method of the distribution parameters in the above statistical expression by using the statistical information on the roughly observed data with quantized levels.  On the basis of this estimation theory, a precise evaluation method for the
[image: image122.wmf]eq
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noise evaluation index has been proposed.  This precise estimation method is effective for a fairly long term measurement.


Finally, the principal effectiveness of the proposed method has been confirmed experimentally by applying it to the simulation experiment.  Furthermore, the practical effectiveness of the proposed method has been experimentally confirmed by applying it to the actual road traffic noise data measured in Fukuyama City.


This research is at an early stage of study.  There still remain several problems to be solved in future such as :

(i)
applying the proposed method to various kinds of data in many actual environmental noises,

(ii)
finding a reasonable method to determine an optimal order of series expansion in the proposed estimation method.
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