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Abstract 

Probabilistic evaluations, in the form of Probability of Detection (POD) or Receiver Operating 
Characteristics (ROC), have their origin in evaluating testing systems for spacecraft and military 
aircrafts. Over the last five decades, other domains (civil engineering, petrochemical industry, railway, 
electricity generation and the final deposit of spent nuclear fuel) used these approaches and developed 
highly sophisticated methods to evaluate their testing systems. The scientific approach allows a precise 
evaluation of sophisticated testing systems, such as the semi-automated phased array ultrasonic testing 
equipment. Although the knowledge is there and could be used to improve the testing processes, could 
be customized to the specific needs of the client, and would provide a realistic image of the testing 
process. A lot of companies use non-destructive testing methods without knowing the ability of their 
system. This is because the companies are either not aware of the knowledge, find it too complex for 
their application, or because of the high costs associated with the evaluation. This paper will show that 
there are tools (within the design of experiments and statistical models) that can be used to obtain an 
understandable probabilistic evaluation of the testing process and means for optimization that meet the 
needs even of small companies. 
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1 Why is an objective, probabilistic evaluation of non-destructive testing systems important? 

Beginning of September, the 7th European-American Workshop of Reliability took place in Potsdam, 

Germany. The 7th time people from all over the world (not only Europe and America) met to discuss 

the state of reliability evaluations in the area of nondestructive testing (ndt) systems. However, the 

historical name of European-American is obsolete. Almost 60 people from all over the world (e.g. 

China, Japan, India, Brazil, Russia, USA, Germany, France and UK) took part in the workshop about 

the topic reliability in ndt systems. But, why is it almost after 50 years after the introduction in military 

aerospace still so important? This question is almost misleading. It is not “still”, it gets more important 

day by day. Globalization, international markets, digitalization, new approaches in the understanding 

of risk-based component reliability concepts necessitate concepts of probabilistic evaluations.  

Reasons for using reliability concepts of ndt systems for the participants were the following ones:  

• It is demanded (aerospace, nuclear power) 

• Due to the global supply chain (necessary to be a future supplier) 
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• Assisting selection of ndt methods or ndt procedure 

• Risk based analysis and risk informed sections (this leads to using reliability) 

• Probability of Detection (POD) is a part of life cycling updates, also in structural mechanics  

• Interest in the quality in nde (in Asian region POD and reliability it is still relatively new) 

• Reliability is a new tool in various areas (e.g. electronic components) 

The main reason is still: if the component is relevant for safety issues, the POD is an essential tool. 

However, it is also a tool, to optimize testing intervals and testing methods. POD evaluation is also 

helpful for product designers and are not only a task of ndt departments. 

But another result of the workshop was that, there is not “one” POD curve, not only “one” reliability 

approach. The blind use of software programs or guidelines, like MIL-HDBK-1823, will for sure lead 

to the wrong answer of the right question.  

This article introduces the first step in the area of reliability and possible opportunities to gain 

information about the testing system, without over- or underestimation of the capabilities. It will show 

that even with simple steps first information can be gained. But it should also be shown, that a cautious 

behavior is essential in the use of the estimation of the ndt system. 

2 Evaluation of ndt systems 

2.1 Probability of Detection 

Even in regions were reliability evaluation are widespread, the first approach used is the Probability of 

Detection (POD) approach. An approach that estimates the defect size (a), which will be reliably 

detected by the ndt system (with a probability of 90% and a sufficient high confidence 95%: a90/95). If 

the evaluation gives us the reliable detection size, a comparison with the critical detection size can help 

to decide objectively, if the capability of the ndt system is sufficient to detect the defects which might 

jeopardize the reliability of the component (see Figure 1).    
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Figure 1: Schematic POD curve as a decision tool for the usability of ndt systems: is the defined critical defect 

size smaller than the a90/95 than the ndt system is not sufficient for the task. 

However, the evaluation of the POD can be complicated. The amount of different approaches is 

countless and even the easier approaches require a solid knowledge of the technical and physical 

behavior of the ndt system and a broad statistical education. Just to give a short overview of a few POD 

approaches commonly used:  

• 29 out of 29 POD approach [1] 

• Hit-Miss and Signal-Response POD (basic knowledge for MIL-HDBK-1823) [2] 

• Multiparametric POD [3] 

• Combination of defect data [4] 

• Data field POD approach [5] 

• Non-parametric POD approach [6] 

• Model assisted POD approach [7] 

This list is far from complete, but it gives an insight into the demands required by the capability 

evaluations in the field.  
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2.2 Receiver Operating Characteristics 

One large drawback of the POD evaluation is that the false alarm rate is not directly included in the 

evaluation. With a focus on the detectability of the ndt system the testing parameters of it might lead to 

needlessly high costs through the false alarm rate. Especially in sections of uncritical components the 

evaluation through the Receiver Operating Characteristics (ROC) approach is not sufficiently used.  

Based on the possible results of the testing system (Figure 2): the amount of hits and misses are the base 

of the evaluation of the detectability, the amount of false alarms and confirmed defect free samples 

gives an idea of the false alarm rate.  

         

Figure 2: Testing results of an ndt task. 

The result of the ROC analysis can be a graph based on a working point (Figure 2) or a complete ROC 

curve (Figure 3) [8]. The working point evaluation gives an impression if the ndt system is applied with 

the correct testing parameters and if the working point is positioned in an acceptable region. In the 

comparison between different working points the understanding of the relationship between different 

testing parameters and its result for the detectability and the false alarm rate can be easily and 

objectively understood.  
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Figure 3: Statistical ROC evaluation of the working point with confidence band with different acceptance 

regions. 

The ROC curve requires a large amount of statistical knowledge and experiments. The gain however is 

a complete description of the testing system on a defined testing situation. The definition of decision 

thresholds with the testing procedure can be based on the ROC curve.  

 

Figure 4: ROC curve as a description of the complete behavior of the ndt system. 

The economical evaluation of the testing situation and the possible costs of failure in the structural 

integrity situation can only be done with the information of the ROC evaluations. The tools of reliability 

are not anymore a nice gimmick, but an essential tool to plan and proceed ndt.  
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3 Design of Experiments  

However, in the end, not even the choice of the evaluation model or approach is making the difference 

between a useful and a useless evaluation, but the planning, gaining and evaluating of the necessary 

information. This part of the evaluation is often called design of experiments and can decide between a 

long expensive journey through data and experiments and a useful evaluation, which might save money 

and lead to a professional answer of everybody’s day-by-day question about reliability. 

In all these question, about the physical description of the ndt system, about different mathematical 

models, about connection with technical justification or simulations consultants can and will help you. 

Especially for companies, which are new in the field of ndt reliability evaluations, independent institutes 

and consultant can save you the trip through years of hard learning. Use this possibility.   
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