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Abstract. The POD (Probability of Detection) approach is a probabilistic method 
used to quantify the reliability of an inspection technique while accounting for the 
variability of the influent parameters. This method initially developed in the context 
of the aircraft industry has encountered a strong interest in various industrial sectors. 
This interest is reinforced by the recent possibility of involving simulation data in this 
process (MAPOD approach).  The advantages of simulation in this context are 
numerous: to reduce the cost of POD studies, to increase the number of parameters 
considered to explore configurations not accessible experimentally…  In counterpart 
the use of simulated data is somehow a complex process, it raises some non-trivial 
questions in particular related to the confidence which can be assigned to the 
simulated POD and requires rigorous methodology.  Since several years a particular 
attention is given to POD and MAPOD at the Commission V of the International 
Institute of Welding. The writing of a best practice document has been launched, 
focused on the application to ultrasonic inspection of welds. In this communication 
we present the results of the work carried out in this context and the main points of 
the document which is proposed. 

1. Introduction  

The estimation of Probability of Detection (POD) is a probabilistic method used to quantify 
the reliability of one given inspection technique when applied to a defined class of parts. The 
POD curves are in general calculated versus the size a of the researched defect and account 
for the variability of the influential parameters of the inspection. This approach initially 
developed in the context of the aircraft industry has rapidly aroused a strong interest in 
various industrial sectors. General documents exist to provide guidance on how to determine 
the POD curves. The MIL-HDBK-1823A [1], derived from several years of efforts in the 
USA to deploy the statistical methodology in the aeronautic industry, is the reference 
handbook. Relying on the same methodology framework, the ENIQ released several reports 
to introduce the methodology in nuclear industry in Europe [2]. In the oil and gas industry, 
the qualification of NDT is generally performed according to the DNV methodology [3,4]. 
Determination of POD vs a curves via a purely experimental approach requires large-scale 
experiments performed on representative test-blocks containing representative defects. The 
use of numerical simulation to determine POD curves has been a subject of research of 
different industries and laboratories in the past years. It is known under the acronym MAPOD 
for Model Assisted POD. The MAPOD approach is very attractive but still today suffers from 
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a lack of a recognized and systematic methodology to be more widely used in the industry 
and accepted by the regulation authorities.  
For some years particular attention has been given to POD and MAPOD in the work of 
Commission VF of the International Institute of Welding1. The writing of a best practice 
document on this question has been decided and launched in 2013. The aim of this document 
is to provide best practice guidance and practical recommendations on the use of numerical 
simulation for POD curve estimation in the study of NDT reliability. A working group was 
formed and a draft document discussed at the 2015 Annual Assembly. The scope of the work 
is limited to UT weld inspection but many of the ideas and propositions discussed could be 
applied to a broader range of techniques and situations. In this paper we present the main 
conclusions of the discussions carried out in this context and which should be reported in the 
IIW best practice document to be published in 2016. 

2. Estimation of POD through simulation: Advantages, limitations, ways of use 

2.1 Advantages of using simulation 

As mentioned above, POD trials require large-scale experiments performed on representative 
components containing representative defects. Practical feasibility and cost of such trials is 
today a major issue. The first advantage of using numerical simulation in a POD study is to 
save time and budget. Using simulation, the overall cost required to assess a POD curve can 
be significantly reduced. Moreover, the result is obtained much faster than when it is 
necessary to setup an experimental campaign. A second significant advantage is the 
possibility offered by simulation to obtain large sets of data, investigating the effects of the 
variability of numerous influential parameters. Also, simulation gives access to situations 
which are difficult to explore in a controlled way by experiments.  Let us think for instance 
of the difficulties which may be encountered to manufacture in mock-up realistic and 
controlled defects. 

2.2 Limitations 

The first intrinsic limitation of the approach is linked to the use of a numerical model which 
always reproduces only partially the reality. Consequently, a natural recommendation is to 
evaluate the accuracy of the predictions provided by the simulation code used in the study. 
The question of the validation of NDT models has been the subject of previous works of the 
IIW Commission V and is discussed in a previous IIW Best recommended practice [5].  
A second limitation is linked to the necessity to a priori identify and characterize the sources 
of variability on the result of the inspection since this data is an input of the computations. 
That means to identify the influential parameters whose variability will be investigated, 
parameters which will be called in the following “aleatory parameters” 2 . That implies also 
to have a good knowledge on the statistical distributions describing the variability of those 
parameters. We will come back on this issue later in § 4.4. A third limitation is that, even it 
is a subject of ongoing research, at this stage the human and organizational factors are not 
accounted for by this approach.  

                                                 
1 The IIW (International Institute of Welding) is an international organization that focuses on welding based topics, and has a 

series of technical commissions dealing with all aspects of welding. Commission V focuses on NDT and quality assurance of welded 
products, with Sub-commission VF dealing with Reliability of NDE methods.  
 

2This term refers to the concept of aleatory uncertainty and its counterpart epistemic uncertainty. See §4.1.  
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2.3 Ways of use 

Besides the calculation of the POD curve entirely from simulation there are various other 
possible uses of simulated data in complement to experiments. An entire section of the 
document is dedicated to this question and gives guidance principles for exploiting simulated 
POD data. Amongst these possible uses let us mention the optimization of the design of 
experience (DOE) or the quantification of the impact of a change in the inspection procedure. 
In the first case simulation can be used for instance to target the distribution of sizes of 
manufactured defects for an experimental campaign. In the second case simulation is used to 
complement existing POD data and evaluate how the change in the procedure modifies the 
POD. 

2.4 Prerequisites 

One strong requirement already mentioned when using simulated data is to check the validity 
of the simulation code. In [5] are listed the different possible sources of discrepancy between 
experiment and simulation. Among them are distinguished those which concern the model 
itself (and its implementation) and those which concern the representativeness of the 
parameters inputted in the code to account for the experimental conditions.  
The statistical algorithms used to process the simulation results in order to determine the 
POD curve must also be used in their range of validity and their implementation validated. 
However this point is not specific to the use of simulation since the statistical algorithms used 
to process simulated data are the same as those that are used to process experimental data. 

  3.  Methodology and recommendations  

The methodology aims at using numerical models in order to reproduce the impact of the 
variability of the influential parameters on the response of the NDT system. The key idea 
consists in introducing variations in the input parameters of the model and thus to generate a 
large number of slightly different configurations. The variability induced on the output of the 
simulation is then statistically analysed and used to calculate the POD curve. Such process 
often called “propagation of uncertainties”, and allows to reproduce the variance observed 
on the response of the system even if a deterministic software is used for the simulations. 

The methodology for determining a POD curve using simulation of the inspection process 
should respect 6 steps:  

1 To input in the simulation all the necessary information about the inspection: Definition 
of one “nominal” configuration. 

2 To identify and characterize the sources of variability: Definition of aleatory parameters 
and assignation of statistical distributions. 

3 To sample the statistical distributions of aleatory parameters (for example by Monte 
Carlo algorithm) and run the corresponding simulations. 

4 To compute the POD curve from the set of simulated results. 

5 To evaluate the reliability of the simulated POD curve. 

6 To write a report with sufficient information to reproduce the results. 
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3.1 Definition of the “nominal” configuration 

The first step consists in inputting in the software the set of parameters which will form the 
nominal inspection set-up from which will be defined statistical fluctuations.  

In the Best practice document a list of parameters is given for the ultrasonic inspection of 
welds. The parameters concern the inspected part, the probe and NDT system and the 
inspection. This list is neither an exhaustive nor a prescriptive list, since it depends on the 
specific application and on the mathematical model which is used.  

3.2 Definition of the “aleatory uncertainty” 

The second step consists in describing the variability of the influential parameters which the 
POD calculation will account for. This is done by identifying amongst all the parameters 
input of the simulation “aleatory” parameters and to assign to each of them one statistical 
distribution (uniform, normal,…).  

3.3 Design of Experiments and Simulations   

Once uncertainties have been characterized it is possible to define the set of simulations 
which will lead to the POD calculations. This step corresponds to the “Design of Experiments 
(DOE) phase, (the experiments being here numerical experiments).  
The DOE has to account for the range of variation of the characteristic parameter (the size of 
the defect). This is done in a deterministic way: Simulations are carried out for different 
values of the characteristic parameter, i.e. the parameter versus which is given the POD (in 
practice, the size a of the defect).  The recommendations concerning this aspect are not 
specific to the simulation and can be found in [1, 2].  The range of variation of the 
characteristic parameter must cover the expected domain of definition of the POD curve and 
especially the transition zone (corresponding to a rapid variation of the POD) which, in 
practice, is not known a priori but can be evaluated, if required, thanks to some preliminary 
simulations.  
The DOE has to reproduce the variability of the influential parameters. This is done by 
sampling the statistical distributions assigned to the aleatory parameters and in general a 
Monte Carlo algorithm is applied to generate the set of configurations.  
As for experimental studies, a sufficiently large number of configurations is required to 
ensure a reasonable confidence on the POD curve.  In the case of simulation this requirement 
is in general not critical and easily satisfied.  We will come back in more detail in §4.2 on 
the question of confidence.  

3.4 Analysis of the simulation results and computation of the POD curve   

The methodology described in the MIL-HDBK-1823A [1] and ENIQ report 41 [2], is 
commonly applied for estimating POD from experimental data. Based on assumptions on the 
data and the behavior of POD, a parametric POD model is postulated. Thus the POD 
calculation amounts to the estimation of several (in practice two) parameters. In this 
framework two analysis are available, one for “Hit-miss” data (binary data) and one for the 
more informative “signal response” (or â vs a).  
This methodology can and must be used as well as for analysing the results of simulation. 
However, it can be noticed that, since simulation can provide a very large data set, simulation 
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makes possible the use of non-parametric POD estimation [6]. Such methods can be helpful 
when the hypothesis funding the standard estimation of the POD, are invalid. Nevertheless 
their use still remains prospective and goes beyond the scope of the targeted best practice 
document.  
   

3.5 Evaluation of the reliability of a simulated POD curve 

The POD curves are classically given with a confidence band which is often considered as a 
measure of the accuracy of the POD itself. Indeed this interpretation cannot hold for POD 
estimated from simulated data. The IIW document discusses this question and proposes 
recommendations to evaluate the reliability of POD estimated by simulation. These 
recommendations introduced by § 4.1-3 are reported § 4.4-5.  
 
 4. The question of confidence on estimated POD   

4.1 Back to basic questions 

As recalled in the introduction the POD approach aims at taking into account the variability 
of the influential parameters. Let us be precise about the distinction between the variability 
and the uncertainty [7]: The uncertainty on an influential parameter reflects the lack of 
knowledge on the value it takes while its variability reflects the fact that this value may be 
different from one inspection to the other. At this stage it can be useful to introduce also the 
concepts of “aleatory” uncertainty and “epistemic” uncertainty (see [8]). “Aleatory 
uncertainty is one which is assumed to be intrinsic randomness of the phenomenon” under 
consideration while “epistemic uncertainty is the one that is presumed as being caused by 
lack of knowledge”.  

In our NDE context the “aleatory uncertainty” corresponds to the variability of the influential 
parameters. It is this uncertainty that we want to account for by a POD which is considered 
as an “intrinsic” property of the NDE process under consideration. And the “epistemic 
uncertainty” is linked to our lack of knowledge on the inspection process (parameters and 
physical phenomena). The “epistemic uncertainties” are not accounted for by the POD but 
they will affect the accuracy of the estimated POD and therefore induce an uncertainty on 
the POD itself.  

4.2 The confidence interval on POD 

In the standard methodology for POD estimation (as described in [1] and [2]), the POD curve 
is given with a confidence interval. This confidence interval is introduced to account for the 
fact that the POD curve is an estimation based on a finite number of data.  

It is important to be aware that this confidence band only accounts for the uncertainty on the 
POD due to the limited size of the dataset (which can be considered as an epistemic 
uncertainty) and not the other possible sources of inaccuracy/uncertainty. Amongst them 
there is the use of a statistical model (parametric model) based on several assumptions as 
recalled above. 

If the finite size of the dataset is in general the principal source of uncertainty in the context 
of experimental POD studies it is no more the case in the context of simulation studies.  
Indeed, when the POD is determined using simulation it should be possible to make the 
confidence band as narrow as one wish by increasing the amount of simulated data. 
Obviously, this does not mean that the POD curve obtained by simulation is no more subject 
to uncertainty. 
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4.3 Sources of uncertainties specific to POD estimated by simulation 

POD estimated by simulation are principally subject to specific sources of 
inaccuracy/uncertainties which are: 

o The lack of knowledge on the variability of the influential parameters which are 
subject to variability 

o The uncertainty linked to the inaccuracy of the models used to predict NDE 
responses. 

These specific uncertainties counterbalance the fact that simulation study can provide larger 
sets of data than experimental studies and therefore reduce the uncertainty on the POD due 
to finite samples of data.  

4.4 Recommendations concerning the uncertainty linked to statistical distributions 

As mentioned in §3.3 the Design of Experiment is achieved through the assignation of 
statistical distributions to the aleatory parameters. Indeed, the estimation of these statistical 
distributions is somehow delicate. In general, it results from an engineering judgment. 
Inaccuracy on these statistical distributions, induces inaccuracy on the resulting POD curve.  

It is therefore important to estimate the POD robustness linked to this point. This can be done 
at low cost by conducting a sensitivity study of the POD curve to the statistical distributions 
of the aleatory parameters. A recommended methodology should be to identify the 
parameters of the statistical distributions which are not known with a good precision (interval 
bounds for uniform distributions or mean value, variance, for normal distributions…) and to 
launch various POD estimations assuming extreme values for these parameters.  

A more systematic methodology has been proposed by Dominguez and coll. [9], to quantify 
the uncertainty induced on the POD values by the lack of knowledge on statistical 
distributions. In this approach probability distributions are assigned to the parameters of the 
statistical distributions inputted in the code which are not known with accuracy. These 
probability distributions can be sampled (by Monte Carlo method) and a POD curve 
calculated for each sample. The result is a collection of POD curves which can be statistically 
analysed. In particular it is possible to determine the mean of the POD and tolerance intervals 
on the POD estimation.  

This methodology should be recommended when it is practically tractable. This is not always 
the case since it requires huge amount of computations. 

 4.5 Recommendations concerning the uncertainty linked to the numerical model 

A model never gives “perfect” predictions. The accuracy of the numerical model used for the 
POD estimation has to be checked through experimental validations as discussed in §2.4. 

The influence of the model errors on the POD strongly depends on how the error varies with 
the inspection parameters and in particular with the size of the defect. This influence will 
also be very different if the error includes some systematic bias or if it can be considered as 
randomly distributed around 0. Depending on the situation, the model error can affect the 
value of the estimated POD and/or the confidence on this value.   

The development of a methodology to include the model error in the analysis remains a 
subject of research. The recommendations proposed in the IIW document corresponds to the 
present state of understanding on this question: 
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The uncertainty on the predictions of the model is in general expressed by the maximum of 
the discrepancy between experiment and simulation which has been measured during the 
validation campaign. When this discrepancy is comparable to the experimental uncertainty, 
simulation can be used with a high level of confidence. If the discrepancy is wider simulation 
has to be used with more care and it should be recommended to take into account the model 
error in a conservative way. This can be done by considering the possibility of a systematic 
bias between experiment and simulation. Such bias corresponds to the “worst case”. A 
conservative way is then to estimate the POD after having substracted to the simulated data 
this bias. 

7. Conclusions 

In this communication we have presented the conclusions of the work carried out in the IIW 
Commission V about the use of simulation for the estimation of POD curves these last two 
years. These conclusions are the basis of a Best practice document which will be submitted 
for publication in 2016.   
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