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Abstract—Determination of distribution law of measured 

series of values is important task in automated regulation 

and active control. In many cases this is a challenge, 

especially when type of the law is uncommon and differ 

from Gaussian. The method for determination of 

distribution law based on criteria of process stabilizing is 

proposed. The recommendation for Poisson, Exponential 

and χ2 laws are given. Determination of distribution law of 

series is based on calculation of 4 criteria, each one being 

based on Mean, standard deviation or its derivative. In each 

case the series of 1000 computational experiments being 

held and on base of its results the distribution law being 

determined. Each case being described by the number of 

measurements that is necessary for each criteria level 

stabilize below value of 0,1.  It is shown that for each main 

distribution laws the order in which each criteria stabilize in 

sequential measurement differs. The order of such 

stabilization is offered as a way to determine the 

distribution laws for measurements in active control 

algorithms, while the measurement amount necessary for 

stabilization may be used for estimation of distribution laws 

parameters.  The calculation experiment results for some of 

the most common laws is given and criteria for each law 

definition is formulated.  

 

Index Terms— mechanical experiment, technical 

measurement, precision, control automation, consecutive 

analysis  

 

I. INTRODUCTION 

Experiment is the essential of any scientific researches. 

In modern conditions there is a necessity of experiment’s, 

which includes an enormous amount of observations. It 

may be caused by observation of processes with very low 

probability of happening or by increment of 

measurements number for accuracy increment in cases 

when precision of equipment is insufficient [1]-[3].  

Multynumbered measurements are of a high 

importance for usage in systems of continuous control. 

Data, which is collected by such systems, may become 

basement for automated control and adjustment systems 

synthesis after correct mathematical calculations [4]-[5]. 

The most perspective way of adaptive control is 

adjustment with moving average, cause it consists 

information about several pre-measured values of 

parameter controlled. 
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It is especially important in mechanical treatment 

control. To control the linear values, it is necessary to use 

measuring equipment with an accuracy that exceeds the 

measured value by a discharge. This condition of the 

intermediate control and acceptance tests can lead to such 

difficulties as the lack of necessary equipment, excessive 

increase in the cost of the process and the finished 

product, technological difficulties of control associated 

with the configuration of parts. In such cases, multiple 

measurements are used to control high-precision linear 

quantities using the existing universal measuring 

equipment. 

By means of mathematical modeling in papers [1]-[4] 

shown that in cases of estimation of general populations 

or selections that close enough to them optimal way of 

adjustment depends on distribution law of value being 

measured. However, it still unknown on practice [5]-[8]. 

Moreover, practice works almost always is about 

processing selections with limited number of measured 

values. That's why there is a necessity of development 

method to estimate properties of selections and choose 

the most similar general population [9].  

To find the most effected way to estimate properties of 

selection, a mathematical model of pseudorandom values 

was generated using Matlab. Each pseudorandom 

measured value consists of three parts: the first part is a 

nominal value [11]-[13], the second part is systematical 

error [14]-[16], which can de described by linear or 

periodical law. 

In all of the technical measurements it is adopted to 

think that values being measured have Gaussian 

distribution law [12]. However, in researches in field of 

mathematical statistic in the technical measurements 

R.Storm [17] shows that “in practice cumulative 

distribution functions are nearly always unknown”. It 

means that classical methods used for estimation of 

measurement results is uneffective for many cases, that 

should be researched separately. 

Sometimes the value being measured distributed by 

sophisticated and rare distribution law, which is hard to 

determine. The method being described allows to 

estimate the distribution law by mean of set of single 

values analizis. 
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II. PROCESS STABILIZING CRITERIA 

Each selection may be described with four 

dimentionless criteria, which show process stabilizing 

with each next measure. this criteria are: 

- criteria of variation of average value 
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where n is the current number of measurements, x(i) is 

the current value of measurable; 

- criteria of variation of average value increment 
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- criteria of variation of standard deviation 
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where S(n) - standard deviation; 

- criteria of variation of standard deviation increment 
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where D(n) - dispersion. 

The choice of effective criteria leads to a reduction in 

the number of measurements. However, the stabilization 

of the process for each of the criteria for random samples 

is not uniform [6]. This necessitates the study of these 

equations, both independently and jointly, in order to 

analyze the influence of the characteristics of random 

processes on their stabilization for each of the criteria. 

III. PROCESS MODELING AND RESEARCH 

METHODOLOGY. 

To assess the effectiveness of the method 

A thorough analysis based on these criteria is carried 

out mathematical modeling of a sample of 50 

pseudorandom numbers in the range from 0 to 10, taken 

according to the uniform distribution law, after which the 

changes in the studied criteria T1, T2, T3, T4 are 

calculated in a sequential analysis. 

The results of studies of various sequences of random 

numbers generated by the uniform law are presented in 

Table I, from which it is clear that the fluctuations in the 

average number of measurements required to stabilize the 

process are small. As soon as the process ceases to go 

beyond the boundaries of the interval specified by the 

user, it can be considered stable, and the number of 

measurements n (Ti) following the jump in the process 

that has gone beyond the limits of the interval is 

sufficient. If all four criteria T1, T2, T3, T4 are taken into 

account simultaneously, the result will be even more 

accurate. 

TABLE I.  AVERAGE VALUES OF THE NUMBER OF MEASUREMENTS N 

REQUIRED FOR STABILIZATION PROCESS, WITH DIFFERENT SEQUENCES 

OF RANDOM NUMBERS 

№ of 

selection 
n(Т1) n(Т2) n(Т3) n(Т4) 

1  8,341  12,822  9,662  10,899 

2  8,955  12,850  9,554  10,893 

3  8,355  13,028  9,502  10,895 

4  8,876  12,951  9,559  10,896 

5  8,312  12,873  9,660  10,890 

An analysis of the results of a mathematical 

experiment revealed the convergence of solutions for 

similar source data and showed that the required 

minimum number of measurements to stabilize the 

process, in which there is an exclusively random error, is 

determined by the criterion T2 of the increment of 

average fluctuations. Similar experiments are given for 

various values of amplitude, the dimension of which 

coincides with the dimensions of the measured quantity 

and the random component of the error (Table II). 

TABLE II.  THE AVERAGE VALUE OF THE NUMBER OF 

MEASUREMENTS N, NECESSARY FOR STABILIZATION, AT VARIOUS 

AMPLITUDES OF A RANDOM VALUE 

Range n(Т1) n(Т2) n(Т3) n(Т4) 

0…0,1 8,341 12,822 9,662 10,899 

0…1 8,340 12,900 9,670 10,879 

0…2 8,370 12,827 9,597 10,896 

0…25 8,341 12,987 9,477 10,887 

0…100 8,350 12,885 9,779 10,915 

When comparing the data from the Table I and II, it 

was revealed that the average values of the number of 

measurements remained almost unchanged, on the basis 

of which the following conclusion can be drawn: if there 

is only a random error in the process, the amplitude does 

not affect the stability of the measurement process. Based 

on this, the assumption was made about the constancy of 

the required number of measurements for the sample with 

random error. For further calculations, are given in table. 

1 values are taken as reference, which indicate the 

presence of only a random error in the process. 

When processing experimental studies, it is important 

to identify and eliminate systematic error. The reasons for 

its appearance during multiple measurements are varied, 

for example, vibration or non-return of the sensor to zero. 

To eliminate them, it is necessary to study the patterns of 

mutual influence of random and systematic errors and 

evaluate the measurement results. 

For a sample containing both random and systematic 

components of the error, distributed according to a linear 

law, we can assume that the required minimum number 

of measurements determines only criterion T3. For 

research advanced assumptions about the influence of 

criterion T3 on the number of changes n, additional 

mathematical experiments were carried out that revealed 

the simultaneous influence of the amplitude of the 

random component of the error A and the coefficient k of 

the linear component of a systematic error in the absence 

of a systematic component distributed according to the 

periodic law (Fig. 1). 
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Figure 1.  Dependence of the influence of the amplitude of the random 

component of the error and the coefficient k of the linear component of 

the systematic error 

According to the data in Fig. 1 shows that the change 

in the random component 

The corresponding error with a constant value of the 

systematic error has an insignificant effect on all four 

criteria T1, T2, T3, T4 in a sequential analysis (Fig. 2–5). 

 

Figure 2.  The dependence of the change in the amplitude of a random 
component of the error at a constant value systematic error for the T1 

criterion: 1 - k = 0.001; 2 - k = 0.5; 3 - k = 10 

 

Figure 3.  The dependence of the change in the amplitude of a random 
component of the error at a constant value systematic error for criterion 

T2: 1 - k = 0.001; 2 - k = 0.5; 3 - k = 10 

 

Figure 4.  The dependence of the amplitude change of random 
component of the error at a constant value systematic error for criterion 

T3: 1 - k = 0.001; 2 - k = 0.5; 3 - k = 10 

 

Figure 5.  The dependence of the change in the amplitude of a random 

component of the error at a constant value systematic error for the T4 
criterion:1 - k = 0.001; 2 - k = 0.5; 3 - k = 10 

On the other hand, the distribution law of random part 

of bias may not have a uniform distribution law. It has the 

most importance when value being measured in not a 

linear size, but a number of failures, which has a great 

significance for statistical modelling.  

IV. SELECTION OF MODELING PARAMETERS 

Previously held researches [8], [9] shown the 

efficiency of such a method for determination of 

systematicsl parts of biases. In this work mathematical 

modeling of large amount of selections is considered, so 

the assumption of compliance with the parameters of the 

selections and general population was considered as 

adequate. 

Most processes requires not much than 50 

measurement at the same section, that’s way it is enough 

to limit the number of measurement at this level n = 50. 

For averaging the obtained results of each experiment, 

repeated measurements are carried out with the number 

of repetitions 1000. 

For statistical evaluation of the results, the standard 

deviation is selected js. 

In the subsequent figures, the color indicates the 

criteria: Т1 – red; Т2 – green; Т3 – blue; Т4 – magenta. 

The Poisson model usually describes a pattern of rare 

events: under certain assumptions about the nature of the 

process of occurrence of random events, the number of 

events that occur over a fixed period of time or in a fixed 

region of space is often subject to a Poisson distribution. 

Examples are the number of radioactive decay particles 

recorded by the counter for some time t, the number of 

calls received at the telephone exchange during time t or 

the number of defects in a piece of cloth or tape of a fixed 

length. 

For the Poisson distribution law, the scale parameter  

= 1, 3, 6 is changing. The results are presented in Table I. 

TABLE III.  AVERAGE VALUES OF THE NUMBER OF MEASUREMENTS N 

NECESSARY FOR STABILIZATION OF THE PROCESS, WITH DIFFERENT 

PARAMETERS OF THE POISSON DISTRIBUTION 

№  = 1  = 3  = 6 

n(Т1) 18.5900 8.9130 6.2390 

n(Т2) 25.7390 13.0690 9.2260 

n(Т3) 21.0130 18.8610 17.7430 

n(Т4) 18.9860 17.1230 16.1980 
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For clarity and ease of interpretation of the results 

obtained in Fig. 1, the values of the criteria Т1, Т2, Т3, Т4 

by colors are shown. The figure also has control limits for 

admission to criteria Т1, Т2, Т3, Т4 = 0.1. 

 

 

 

Figure 6.  Values of criteria Т1 (blue), Т2 (red), Т3 (green), Т4 
(yellow), for the Poisson law  

The exponential distribution models the time between 

two successive occurrences of the event, and the 

parameter λ describes the average number of occurrences 

of the event per unit time. Usually using this law they 

describe: the duration of customer service, the life of the 

equipment to failure, the time interval between 

breakdowns, etc. 

For the exponential distribution law, the scale 

parameter λ = 0.1, 1, 3 is changing. The results are 

presented in Table II. 

TABLE IV.  AVERAGE VALUES OF THE NUMBER OF MEASUREMENTS N 

NECESSARY FOR STABILIZATION OF THE PROCESS, WITH DIFFERENT 

PARAMETERS OF THE EXPONENTIAL DISTRIBUTION 

№ λ = 0,1 λ = 1 λ = 3 

n(Т1)    21.6140    21.5100    22.3950 

n(Т2)    26.9210    27.2820    27.0100 

n(Т3)    27.3330    27.2670    27.0870 

n(Т4)    26.0730    25.9510    25.8300 

 

For clarity and ease of interpretation of the results 

obtained in Fig. 2, the values of the criteria Т1, Т2, Т3, Т4 

by colors are shown. The figure also has control limits for 

admission to criteria Т1, Т2, Т3, Т4 = 0.1. 
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Figure 7.  Values of criteria Т1 (blue), Т2 (red), Т3 (green), Т4 

(yellow), for the Exponential law  

For the χ
2
 distribution law, the scale parameter V = 0.1, 

1, 3 is changing. The results are presented in Table III. 

TABLE V.  AVERAGE VALUES OF THE NUMBER OF MEASUREMENTS N 

NECESSARY FOR STABILIZATION OF THE PROCESS, WITH DIFFERENT 

PARAMETERS OF THE χ2 
DISTRIBUTION 

№ V = 1 V = 3 V = 6 

n(Т1)    30.7140    16.4700     9.9650 

n(Т2)    35.4150    21.7790    14.0650 

n(Т3)    29.3640    25.9490    22.6570 

n(Т4)    28.1130    24.2320    21.3300 

 

For clarity and ease of interpretation of the results 

obtained in Fig. 3, the values of the criteria Т1, Т2, Т3, Т4 

by colors are shown. The figure also has control limits for 

admission to criteria Т1, Т2, Т3, Т4 = 0.1. 
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Figure 8.  Values of criteria Т1 (blue), Т2 (red), Т3 (green), Т4 

(yellow), for the χ2 law  

V. CONCLUSION 

The results of mathematical modeling of repeated 

measurements of a quantity show: 
1 The distribution of random bias according to the law 

of Poisson or χ
2
 distribution with high scale 

parameter values can be determined by the order of 
criteria T3>T4>T2>T1. 

2 The distribution of random bias according to the law 
of χ

2
 distribution with high scale parameter value can 

be determined with T4 being more than 20 in all 
cases. 

3 Distributions of random bias according to the  
exponential law is characterized by almost constant 
values of all four criterias while T2 and T3 are equal 
and the maximum of all.  

4 Apart from Gaussian or rectangular distribution laws 
being described are unstable for Multynumbered 
measures with low number of measurements. 
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