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Abstract. A conventional POD curve provides information about the capability of 
the NDT system to detect a flaw. Already proven for simple inspection tasks, the 
method fails to describe complex interactions of modern inspection systems 
inspecting complex geometries. In this paper, the way to plot reliability analysis data 
as volumetric distribution of the POD is presented. It is demonstrated that it can be 
used as optimisation tool for the NDT system, especially when multiple NDT 
inspections of the part with complex geometry is performed. 

INTRODUCTION  

There is a continuous margin for inspection systems to be further improved. When applied 
into the technical extremes of finding small flaws, the probability of detecting all flaws of a 
same size will gradually decrease. In addition, repeated inspections of the same flaw will 
alter the likelihood of its detectability. Measurements may therefore not be consistent 
anymore in this range and this is why the concept of reliability has been introduced. The 
probability of detection (POD) curve is used as an indicator of the capability of an NDT 
system. An example of such curve with lower 95% confidence band, calculated for eddy 
current inspection of flat plates1), is shown in Figure 1. The assumption is that there is a 
correlation of the POD of the flaw and its size. By knowing the minimum size of the flaw 
to be detected, which is also denoted as an acceptance criterion, the suitability of the NDT 
system for a given task can be determined. As a margin, the a90/95 point is used. This is the 
point where the lower 95% confidence band intersects the 90% probability of detection 
level. If the size of the flaw that needs to be detected with sufficient reliability is 0.3 mm or 
larger as shown as an example in Figure 1, the NDT system would be accepted for the task. 
If the smallest flaw that needs to be detected was 0.2 mm in length, the NDT system would 
not be suitable for the given inspection task. 
 

 
Figure 1. Conventional POD curve (solid line) with lower 95% confidence band (dashed line). 

a90/95 point is the intersection point of the confidence band and 0.9 POD 
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The conventional reliability model described above has found application in those 
inspection cases where the most important influencing factor of flaw detection is its size2). 
Investigations performed in the “Non-Destructive Testing Reliability Project”3) have 
shown, that there are more factors than just the flaw size that influence detection. 

MULTIPARAMETER POD 

In thick parts with complex geometries factors such as location of the flaw within the part, 
its distance from the surface, angle to the probe and material attenuation all influence its 
detectability. To investigate these factors, analysis of data from ultrasonic phased array 
inspection of copper specimens was performed. Analysis of this data through advanced 
computer simulation of the inspection resulted in a multi-parameter reliability model4). The 
influence of the size, depth and orientation of some flat bottom holes (FBH) on the POD 
was investigated. The resulting POD curves are shown in Figure 2. These curves are used 
in a conventional manner with the a90/95 point expressing the capability level of the NDT 
system. As can be seen from the example in Figure 2 (b), the NDT system used is capable 
with sufficient probability of finding FBHs with a diameter of 2 mm and 6° angle to the 
sound beam in depths from 21 to 47 mm. 
 

       
 

(a)    (b)    (c) 
 

Figure 2. POD as the function of the diameter (a), depth (b) and angle (c) of the FBH 
 
Knowing the dependency of the POD with the depth (distance from the surface) will allow 
calculation of the spatial distribution of the POD also expressed as the volume POD.  

VOLUME POD 

Suppose that the part shown in Figure 3 (a) is inspected for flaws with ultrasonic testing 
(UT) phased array probe from the upper surface. Contact technique has been used with the 
UT technique including a focused beam with normal incidence angle. The sensitivity of the 
inspection is therefore highest in the distance where the beam is focused. Figure 3 (b) 
illustrates the spatial distribution of the POD of the inspection. As can be seen from Figure 
3 (b), POD in the area close to the surface (probe) is zero and is gradually increasing to the 
maximum value of one in the area where the beam is focused. 
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(a)       (b) 

Figure 3. Ultrasonic, phased array, contact technique inspection of the test object (a).  
Spatial distribution of the POD (b) 

 
This way of presenting the POD of an NDT system has the advantage of clearly identifying 
the areas with lack of inspection coverage. With increased complexity of a structural 
component’s geometry, the importance of such a POD presentation is also increasing.  

MULTIPLE INSPECTIONS  

Sometimes components are inspected with more than one NDT inspection. The reason for 
multiple inspections may be that a structure’s whole volume may not be simply inspected 
from one side only and hence with just one inspection. In the example shown in Figure 3 
different NDT inspections would have to be performed from either different sides of the 
component and/or through different configurations of the beams such that the centre and the 
upper portion of the component would be covered adequately in terms of POD. For that 
purpose, the component might also be inspected with eddy current (ET) inspection for 
defects in close to the surface area additionally, and with UT phased array technique with a 
delay block, to check for the flaws in the central part of the component. Eddy current 
inspection with accompanying POD is shown in Figure 4 (a) and UT phased array 
inspection with the delay block with accompanying POD is shown in Figure 4 (b) 
respectively. 
 

   
(a)      (b) 

Figure 4. Eddy current inspection of the test object with volume POD diagram (a) 
  Ultrasonic phased array inspection of the test object with a delay block (b) 
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Three POD diagrams shown in Figure 3 (b), Figure 4 (a) and Figure 4 (b) show regions 
where individual NDT methods show a high POD regarding the flaw to be detected. 
However, when confronted with these three diagrams we cannot say, if the whole volume 
of the part is sufficiently inspected with those three methods. Individual POD diagrams 
may only provide limited information about the capability of individual NDT method 
applied. However a reliable information of a flaw being present anywhere in the component 
considered can only be guaranteed if the NDT method applied may pass a POD threshold 
set. This may often only be achieved through a combination of different NDT approaches 
such that the POD threshold will not fall short at any of the locations within the component 
which may be proven though a combination of different individual POD diagrams.  

OVERALL POD  

To get the overall POD of the flaw in the component inspected individual POD diagrams 
need to be combined. If independence of individual inspections is assumed, the overall 
probability to miss the flaw is equal to the product of individual probabilities. This can be 
written as: 
 





n

i
iOVERALL PODPOD

1
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where (1–POD)OVERALL is the overall probability to miss the flaw, and (1–PODi) are 
individual probabilities to miss the flaw with i being the number of inspections. Equation 
(1) can be rewritten as:  
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where PODOVERALL is the overall probability to detect the flaw. Combining individual PODs 
from Figure 3 (b) and Figure 4 (a) and (b), and using equation (2) as an example results in 
the overall POD illustrated in Figure 5. The diagram shows the volume distribution of the 
overall POD when the part is inspected with all three NDT methods. POD is clearly 
improved, compared with the POD of individual inspections.  
 

 
 

Figure 5. Overall volume POD of the part when it is inspected with all three NDT methods 
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This diagram can now be used to prove that the NDT inspections sufficiently meet the POD 
criterion set. Otherwise additional NDT inspections can be carried out until the POD 
criterion is met. If some inspections are redundant, the number of inspections can be 
reduced, decreasing the time and cost of the inspection. Visualisation of POD through 
simulation is therefore a highly useful tool in optimising a reliable NDT process. 

ACCEPTANCE CRITERIA 

In the conventional approach, an acceptance criterion of the NDT system is the size of the 
defect. It is compared with the a90/95 point and a decision of acceptance of the NDT system 
is made. However, different areas of the part could have different acceptance criteria. In the 
example shown in Figure 6 (a) two areas with different acceptance level are illustrated. The 
corner area of the part has lower, while the rest of the part has higher POD acceptance 
level. This means that in the corner area of the component, even smaller flaws can cause 
failure of the part and hence have to be detected. In other areas where these flaws are not 
critical, NDT requirements can be lowered. 
 

 
Figure 6. Area of high (light blue) and corner area of  low (dark blue) acceptance level 

 
To use the volume POD diagram in a manner similar to the conventional POD curve, the 
diagram of the acceptance level from Figure 6 has to be compared with the lower 95% 
confidence band (diagram in Figure 5). Areas where the lower 95% confidence level is 
higher than the acceptance level the NDT system is accepted and will be marked adequately 
(i.e. in ‘green’). Areas where the lower 95% confidence level is lower than the acceptance 
level and hence the NDT approach is rejected, the diagram will be marked differently (i.e. 
in ‘red’). Figure 7 provides an example. From this diagram, it can be clearly seen if the 
NDT methods and approaches used for the inspection of the part provide sufficient POD 
throughout the volume. In the example provided the part was inspected with contact UT, 
UT with the delay block and with EC system and even here a small area around the corner 
remains that is not sufficiently well examined. Additional NDT inspection is therefore 
required to fully cope with this region as well. This way the POD diagram is not only used 
to judge the NDT system applied, but also as a tool for optimising the inspection process 
itself. 
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Figure 7. Area with sufficiently high POD (green) and  

  corner area with insufficiently high POD (red) 
 

CONCLUSIONS 

When inspecting complex geometries with NDT systems, many factors will influence the 
flaw detection. If multiple inspections are used to inspect the part, it is not always easy to 
conclude if the whole volume of the part is sufficiently inspected. Presenting the results of 
reliability analysis as volume POD, has given the opportunity to identify regions that are 
inspected with sufficiently high POD. Moreover, the regions that are inspected too much 
can also be identified. This way, the volume POD can be used as a tool for optimisation of 
the NDT system. 

The method proposed has already been successfully applied for the design and optimisation 
of the NDT system used for inspection of canisters for permanent storage of nuclear waste. 
However its applicability can be easily extended into inspection of components for 
aeronautical applications such as fittings, frames, attachments or even complete landing 
gears, to just name a few. Although potential variation in POD is covered by high safety 
factors today, those factors could be lowered when optimising the NDT inspection process 
based on the process described here, which could result in lighter weight of  future 
structural designs.  
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