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STUDY NONPARAMETRIC TEST SHIFT IN NDT TASKS

Abstract. A comparative analysis of the power of nonparametric tests comparing
changes in samples of independent and autocorrelated random variables with different
probability distribution. Investigated the performance criteria in the problem of comparing
samples with different laws of probability distribution.
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Statement of the Problem

In problems of ultrasonic nondestructive testing facilities information about their
condition found in samples of measurements, statistical regularities which are usually
unknown. Change of statistical regularities is indicative of the changing state of the
object. Assessment of change can be used in the control of the same objects and
monitoring their condition during the operation, after prolonged storage,
transportation, repair. Problem of detecting changes in the state of objects can be
solved by comparing two samples of measurements with unknown probability
distribution. Most often, the sample groups differ center and the magnitude of the
scattering measurements (shift and scale terminology nonparametric statistics) [1]. In
[1] considered the ten methods of using nonparametric shift for comparing two
samples of random variables. This criteria Ken rank, Mann-Whitney-Wilcoxon, van
der Waerden, median, Mosteller, Rosenbaum, Hagi, E-test. Criteria Mosteller and
Rosenbaum are ineffective and are therefore not considered.

When comparing samples of erroneous measurements are two solutions: 1) at
equality shifts samples of random variables taken the opposite decision (error first
kind), 2) when comparing two samples with unequal shifts made wrong decisions
about their equality (error second kind). These non-parametric tests can be used to
shift the problems of nondestructive testing to detect elements with unknown random
parameters measured with errors and various laws of probability distribution.

The purpose of research - assessment of probability of erroneous decisions and
comparative analysis of the efficiency of nonparametric tests for different types of
shear distribution laws of probability and correlation of random variables in problems

of non-destructive testing.
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Computational experiments

The paper discusses the criteria in the context of the shift that compared samples
of random variables have the same scale.

Investigated samples of random variables with probability distribution: logistic,
Laplace, Gauss. And correlated normal random variables. The length of the test
sample and the number of independent experiments performed. Efficiency criterion is
its ability to recognize the difference between the shifts studied samples.
Computational experiments were performed as follows:

1. Two samples with the logistics (Laplace, normal) distribution with equal variances,
the mean of one sample is fixed and equal to zero, and the second - varies from
zero to one, with increments of 0.1.

2. Correlated normal random variables (7~ <>, = %°,7=%%)also for one fixed
mean and changing other, with the same pitch.

3. Samples with different laws of probability distribution (normal and logistics;
normal and Laplace, logistic and Laplace) a fixed offset of one sample and

changing - another.

Analysis of the results of computational experiments

As a result of the computational experiments were obtained table effectiveness
nonparametric shift. An example of such a table is given below for the two samples
logistic distribution (7' =“>=",“'=%) Table 1 shows the probability of making the
correct decision (the same shift) as a function of the deviation from one sample to

shear another. For a given probability of decision P =0.97.

Table 1

Ne| a2 0 01 (02 |03 (04 |05 (06 0,7 |08 |09

Criterion
1 | Student 0,96 | 0,83 | 0,48 | 0,13 | 0,01 | 0,00 | 0,00 | 0,00 | 0,00 | 0,00
3 7 2 5 8 3 1 1 1 1
2 | Rank 0,94 1 0,93 | 090 | 0,85 | 0,79 | 0,70 | 0,60 | 0,47 | 0,38 | 0,28
4 6 8 3 2 8 7 3 4 3
3 | Haga 0,97 1 0,97 | 0,96 | 0,95 | 0,94 | 0,90 0,85 | 0,83 | 0,81
1 4 4 1 3 1 0,89 | 8 3 1
4 | E-test 0,96 | 0,97 | 0,96 | 0,96 | 0,94 | 0,93 | 0,93 | 0,90 | 0,89 | 0,86
7 4 4 6 9 2 2 3 7 2
5 | Ken 0,70 | 0,7 0,70 | 0,69 | 0,68 | 0,68 | 0,68 | 0,66 | 0,66 | 0,64

ISSN 1562-9945 19



b

2 (91) 2014 “CucremHble TEXHOJIOTUHA

6 7 6 8 2 2 3 3 6

6 | V-d-W 0,95 1 0,93 0,86 | 0,78 | 0,70 | 0,60 | 0,49 | 0,38 | 0,28
9 1 091 |5 7 1 8 6 2 4

7 | Wilcoxo | 0,95 | 0,94 | 0,92 | 0,84 0,59 | 0,50 | 0,38 | 0,29
n 6 2 7 8 0,8 10,71 | 6 3 3 3

8 | Median | 0,92 | 0,91 0,83 10,77 | 0,72 | 0,61 | 0,50 | 0,43 | 0,33
7 6 0,88 | 1 3 2 2 5 4 6

According to the results table the graphs (Figure
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Figure 1. - Probability of detection inequality shifts on the deviation parameter “2 from
al=0

Table 2 shows an example of performance nonparametric shift when comparing
samples with different laws of probability distribution. For the case of comparison of
samples with normal and Laplace distributions (°' ~“>~",“' =° ).The table below
shows the probability with which each of the criteria determines the sample as having
different shifts.

Table 2
a2 0 0,1 0,2 0,3 04 0,5 0,6 0,7 0,8 0,9 1
No | Criterion
1 | Student | 0,04 | 0,07 | 0,186 | 0,38 | 0,61 | 0,80 | 0,92 | 0,97 | 0,99 | 0,99 | 1
6 8 6 5 2 6 4 3 6
2 | Rank 0,08 | 0,08 | 0,156 | 0,28 | 0,42 | 0,58 | 0,70 | 0,82 | 0,90 | 0,95 | 0,98
8 3 1 5 9 5 5 7 8 2
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3 | Haga 0,07 | 0,08 |0,111 | 0,14 | 0,20 | 0,27 | 0,35 | 0,43 | 0,52 | 0,60 | 0,69
6 9 2 6 8 8 7 9 4

4 | E-test 0,00 | 0,00 | 0,007 | 0,01 | 0,01 0,02 | 0,02 |0,03 |0,05 0,06 |0,08
2 4 6 2 8 9 4 6 5

5 | Ken 0,69 | 0,69 | 0,698 | 0,68 | 0,66 | 0,65 | 0,64 | 0,62 | 0,60 | 0,57 | 0,55
1 4 9 9 3 4 3 9 3

6 | V-d-W | 0,04 | 0,06 | 0,125 | 0,24 | 0,36 | 0,57 | 0,71 | 0,84 | 0,92 | 0,97 | 0,99
2 1 9 3 7 2 6 2

7 | Wilcoxo | 0,03 | 0,06 | 0,135 | 0,27 | 0,42 | 0,60 | 0,76 | 0,87 | 0,94 | 0,97 | 0,99
n 9 5 2 9 3 6 7 9 8 5

8 | Median | 0,08 | 0,09 | 0,173 | 0,31 | 0,49 | 0,63 | 0,76 | 0,84 | 0,91 | 0,96 | 0,98

2 9 1 2 2 1 9 5 2

In the case of correlated random variables, we obtain the following results. Is a

case of Markov random variables with “* =' and the correlation coefficient ~ = °-> |
The results of this experiment are listed in Table 3.
Table 3
No | a2 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Criterion
1 | Student 0,24 10,53 | 0,88 | 098 |1 1 1 1 1 1 1
7 8 6 7
2 | Rank 0,25 10,33 {0,51 | 0,71 | 0,86 | 0,94 | 0,98 | 0,99 |1 1 1
4 3 8 6 2 4 6
3 | Haga 0,10 | 0,15 { 0,30 | 048 | 0,66 | 0,83 |0,92 | 097 |1 1 1
8 2 4 4 9 3 1
4 | E-test 0,08 | 0,11 |0,21 | 0,34 |0,52 | 0,66 |0,78 | 0,87 | 0,92 | 0,96 | 0,98
9 1 8 4 5 7 1
5 | Ken 0 0 0 0 0 0 0 0 0 0 0
6 | V-d-W 0,27 10,33 { 0,50 | 0,70 | 0,86 | 0,95 | 0,98 | 0,99 |1 1 1
5 5 4 4 6 8 3 7
7 | Wilcoxon 0,25 10,34 {051 | 0,71 | 0,87 |095 |0,98 |099 |1 1 1
1 9 4 6 4 8 6
8 | Median 0,22 10,27 {050 | 0,64 [0,79 | 092 |1 1 1 1 1
2 7 5 8 2
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Graphs built on the results of Table 3 are shown in Figure 2.
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Figure 2 - Probability of detection inequality shifts on the deviation parameter “> from

al=0 . r=0.5
, when correlation samples

Of graphs and tables show that Ken is not very effective criterion for any of the
cases examined, and the use is not recommended. The median criterion has low
efficiency Discriminating between shifts (0.7) for any combination of the laws of
distribution of samples of random variables. Unworkable for correlated random
variables. E-test has a low efficiency of recognition in the presence of changing shifts,
but can be applied to samples of random variables with correlation coefficients up to
0.8. In this case, the criterion distinguishes between two random sampling values as
having different shifts, with a probability of 0.87. Hagi criterion does not work for
correlated samples. But efficiency is not reduced if the studied sample of random
variables have different laws of probability distributions. Rank test is not applicable
for correlated random variables. However, its effectiveness (0.8-0.9) is not reduced if
the investigated samples have different laws of probability distributions. Criterion Van
der Waerden and Wilcoxon identical in their properties. Efficiency of their recognition
of inequality shifts of two samples of random variables is 0.8-0.9 for samples with
arbitrary and even different kinds of laws of probability distribution. But not
applicable to the correlated samples.

Because she statistics for each criterion is a random variable, then in the future
will study the effect of the shift amounts to the statistics of each criterion in order to

determine on its parameters after the operation state of the object.

ISSN 1562-9945 22



2 (91) 2014 “CucremHuble TEXHOIOTHH

Findings

1. Nonparametric criterion shift may only be used in cases when it is known that the
investigated samples have the same variance.

2. Recognition of the differences between the two samples shifts breeding values are
independent of the type of law probability distribution. Least effective is the criterion

Ken.
3. You can not apply the criteria for correlated random variables.
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