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Abstract 

The Probability of Detection (POD) is used to evaluate the detectability of non-destructive testing (NDT) 
systems. The POD is highly dependent on the amount of available data. The Bayesian approach provides a 
solution to compute POD-curves in case of a small amount of real defects without losing the necessary 
information. The result contains the needed information for the computation of POD-curves for real defects with 
an acceptable amount of information, even for sparse amount of data. In this paper is shown limitations of the 
Bayesian approach and how it can be applied to NDT. The Bayesian approach is applied in this case to the 
evaluation of radiographic testing.  Bayesian approach is applied to determine POD-curves for the inspection 
techniques of nuclear fuel disposal canisters. The reason for using Bayesian approach is the high safety demands 
and also the low amount of real defects due to the high quality of the reliable production techniques. 
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1. Introduction 
 

Since the probabilistic point of view was introduced in the area of reliability evaluation of 
non-destructive testing (NDT), there was a need to develop different approaches to decrease 
the number of experiments without losing the reliability information and statistical 
significance and, at the same time, keeping the results repeatable. The probability of detection 
(POD), introduced by Ward Rummel [1], used at least 29 experiments for every point on the 
POD-curve. There are only a few branches being able to access, create and evaluate this 
amount of data.  
Rummel`s approach handles the statistical requirements very well, but is not using the 
physical connection between the signal of the NDT method and the defect, which cause the 
signal. The approach from Alan Berens decreases the necessary data to a fraction of the 
original needed data employing this connection [2]. Most of the current popular reliability 
discussions (e.g. [3], [4]) are based on the Berens approach.  
However, the evaluation of the reliability of NDT methods for high developed production 
processes is much more complicated. In these processes the comprehension of real defects, 
which are generated during production, is essential. But the existing data are too few to create 
a statistically correct evaluation for the repeatable evaluation while using only the real data.  
However, the experiments with the artificial defects provide the evaluation of the reliability 
with important basic information, i.e. general suitability of the NDT method for the inspection 
task and trend behaviour concerning size, angle and shape. It is not correct to mix real defects 
with artificial defects because of the different structure, varying geometry and, therefore, the 
different behaviour of the NDT system. But there is no objection to create an evaluation of the 
system based on both data.  
In this work, the combination will be made by the Bayesian approach. How to combine real 
defects and artificial defects shall be shown in the section “method”. The section “data” uses 
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the approach to handle Radiographic (RT) data of real and artificial defects. An evaluation of 
the results and an overview over the future steps are presented in the section “discussion”, 
later in this paper.  
 

2. Method 
 

2.1. General idea of the Bayesian statistics for reliability  
 

The following equation describes the Bayesian statistic, which will be applied to our 
approach. This equation is solving the challenge of how to improve the common knowledge 
of A ( P(A|B) ) when there is a prior knowledge P(A), which was collected before the 
experiments and additional knowledge from the results of the experiments, which were done 
to “learn” more about the A (P(B|A)). In short: the pre-knowledge P(A) combined with 
additional knowledge P(B|A) leads to improved knowledge of A P(A|B) [7].  
 

 
 
For the use in the reliability evaluation the P will be a normal distribution function. So the 
whole approach combines two different distribution functions to get a combined posterior 
distribution P( A | B ). The reliability of the NDT systems should be mainly based on the real 
defects, since this is the reality under production conditions. Therefore the prior function 
P(A), which is also often referred to as previous knowledge, consists of knowledge which is 
known before the testing of real defects. The artificial defects are useful to evaluate the basic 
response of method & equipment to flat or volumetric defects in the given material 
represented by flat bottom holes, notches or side drill holes. These type of basic responses, 
determined by the mentioned experiments with artificial flaws, or computed modelling 
experiments, are well suited to compose the prior function. The assessment of well defined 
artificial defects, according to the approach from Berens [2], provides with the estimator of 
the mean and the variance of the reliability of the NDT system in detecting artificial defects. 
The likelihood function P(B | A) will contain an amount of information from the experiments 
with real defects. Similar to the artificial defects, a response of the NDT system to real defects 
will create a distribution function of the likelihood function. The posterior function P( A | B ) 
will provide with the behaviour from the real defects, supported by the behaviour of the same 
NDT system, while testing artificial defects. Through this combination the number of 
experiments and the amount of state of the art information rises. This is an advantage over 
consideration of only the information from the experiments of real defects. 
 
2.2. Probability of Detection calculation  
 

The subsection above explained how to combine the distribution functions of real and 
artificial defects. In this subsection the forming of the distribution function, based on the usual 
calculation of the POD-curve, will be shown. Because of the clarity of this work, most of the 
equations will not be part of the paper. For a detailed description, please refer to the paper 
from Berens [2] or the MIL-HDBK-1823A [4]. 

(1) 



 
Figure 1: Example for the linear graph of experimental data 

 
Before the parameters for the distribution can be calculated, the linearity of the relation 
between “a” (defect size) and “â” (signal height), expressed in the data points for the 
likelihood function and the prior function, should be determined. For the data used in this 
work, a transformation to a double logarithmic coordinate system is adequate. The maximum 
likelihood estimation of the “â” versus “a” relation creates a mean value (see linear regression 
in Figure 1) and a variance, which describe the scattering of the experimental values around 
the linear function. The POD of each actual “a” value is obtained by the area below the 
Gaussian curve from infinity down to the threshold value which should discriminate real 
signals from noise as indicated in figure 1. Furthermore, the covariance matrix is calculated, 
which gives information about the goodness of the estimator of the mean and the variance 
value [5]. Out of that matrix the confidence bound is calculated. There are two different 
estimators, the mean and the variance. Both estimators are described under the presumption 
that the scatter of them will be normally distributed. The results are bivariate normal 
distributions for the prior function and for the likelihood function (see Figure 2).  
 

 
Figure 2: Bivariate normal distribution for the estimators mean and variance for the later used prior function (On 

the axis of the three dimensional graph are the mean value and the variance and the probability density) 
 
The Bayesian equation will be used to combine both bivariate distributions to the bivariate 
posterior normal distribution function. With the combined distribution the further calculation 
of the POD curve and the confidence bound can be done, as it is described in the literature for 
the POD calculation (see Berens [2], etc.). Therefore, the number of values for the posterior 
function, which has a large influence on the width of the one-sided confidence band, shall be 
the sum of a scaled amount of prior data plus the amount of likelihood data.  
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3. Data 
 

The disposal of high active nuclear waste has to be solved in the near future. In this matter, 
POSIVA, a Finnish company, is just building permanent deep repository for the high-level 
nuclear waste. One (barrier) and most important of the several barriers is the copper canister 
to prevent the contact of the radioactive waste with the environment. The nuclear fuel will be 
encapsulated into the copper canister.  
To assure the functionality of the canister, it is important to make sure that there is no leakage 
of the canister. For this, NDT methods are applied, to test the components of the canisters and 
the weld between the lid and the tube. One of the NDT methods is the radiographic testing 
(RT). Because of the highly developed electron beam welding method and the procedure to 
build the copper canisters, the amount of data from real defects are rather small. Therefore the 
amount of data from experiments of only real defects is too small to calculate a POD. 
But because of the good understanding of the physics and the correlation of the signals of the 
radiography and the defect size the above mentioned method is a possible way to create, 
despite the amount of data, a useful evaluation of the reliability of the NDT-system.  
The data for real defects and artificial defects can be seen in the double logarithmic graph in 
Figure 3. The graph suggests to use a linear correlation between the “â”, which is the signal of 
the RT system and “a”, which is the penetrated length of the defect.  
 

 
Figure 3: Data of artificial defects and real defects for RT 

 
According to Berens [2] and Cheng [5] the estimators of the mean value and the standard 
deviation for the prior function and the likelihood function are: 

   

  
 
For the Bayesian calculation of the posterior values the mean value and the standard variance 
are: 

  
For the further calculation of the confidence bands, the parameter γ should be found. γ 
describes the goodness of the estimators. Therefore, the calculation of the adequate weight of 
the information for the posterior function is necessary (for the detailed calculation see [7]). 
From the number of posterior experiments and the confidence bound it is possible to calculate 



the value γ (see [6]). The amount of experiments for the posterior information is 29. The 
corresponding γ-value is 5.211. The posterior POD of the combined data in comparison to the 
POD of only real defects is drawn in the Figure 4. 
 

 
Figure 4: The POD made of only real defects and the improvement with the Bayesian approach with combining 

real and artificial data 
 
To create a comparable key parameter the size of the defect that is detected with 90% 
probability and 95% confidence has to be determined. This defect size is also called a90/95. 
The number of experiments increased from 24 of the real defects to 29 of all defects. Through 
this increased number of data [6] and the joint values of the mean and the variance value, the 
a90/95 decreased from 1.2 mm to 1.0 mm.  
 

4. Conclusion 
 

Often the importance of the amount of data is suppressed while evaluating NDT systems with 
the POD. But the statistical significance of the probabilistic testing of reliability should have a 
high value in the evaluation to make the results true and repeatable. This article showed how 
to use all collected data from artificial and from real defects to create one satisfying result. It 
was shown that it is possible without changing the usual basics of the POD to make a 
remarkable improvement. The main improvement comes through the increasing number of 
data, which narrows the confidence bound. But through the use of the Bayesian statistics the 
calculation is more sophisticated. It is necessary to consider the evaluation of the data with 
more effort. Furthermore, the requirements concerning the normal distribution, written in 
MIL-HDBK-1823A [4], are also essential and should also be met. Especially the above-
mentioned requirement of the bivariate normal distribution is an important fact, which should 
be tested. 
Next steps in this investigation will focus on other distributions, beside the ones previously 
used, on other NDT methods (e.g. Eddy Current and Ultrasonic testing) and on the application 
of the Bayesian approach with multi parameter and data field POD.  
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