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ABSTRACT 
 
The increasing use of simulation in Non-Destructive Testing (NDT) relies on its potential for 
optimization, qualification or demonstration of the performance of the techniques used. The CIVA 
[1-6] software platform, developed by CEA-LIST and partners, gathers simulation codes for three 
major NDT techniques: Ultrasonic testing (UT), Eddy Current testing (ET), Radiographic testing 
(RT). A new feature has recently been introduced in the CIVA 11 RT module: the Probability of 
Detection (POD) calculation. POD approaches are commonly used in the industry to determine a 
confidence level of the performance limits of a given NDT inspection. CIVA now offers POD 
calculations based on hundreds of different configurations in a few hours. RT inspection usually 
relies on visual interpretation of Radiographic films by NDT specialists. For automated POD 
calculations, CEA-LIST has developed two quantitative detection criteria based on a contrast to 
noise ratio in relation to the defect size. This paper presents an example of a POD calculation for a 
weld inspection of the secondary circuit of a nuclear power plant. In this case-study, the typical flaw 
is a thermal fatigue crack in the root of the weld with a circumferential orientation. Simulations 
taking into account the different weld geometries, the source and the crack positions in the weld 
have been conducted. POD calculations with CIVA allow comparing these simulations results with 
the two detection criteria. The results of this study show a good agreement with the EDF operational 
experience. 
Keywords: Radiography, probability of detection, POD, CIVA, simulation, detectability 
criterion 
PACS: 28.41.Ak 
 
INTRODUCTION         
              
NDE techniques are used mainly during inspection of nuclear components for maintenance 
operations.  
For safety reasons, we need to know the performances of these NDE techniques. Simulation can be a 
powerful tool to evaluate the performances of NDE techniques. The NDE inspection performance 
depends on the influence several influential parameters, which needs to be quantified.  
One way is to evaluate the performance of a NDE is the deterministic approach, which consists in  
adding the impact of these influential parameters algebraically in order to obtain the worst case 
performance of the NDR. Another is a probabilistic approach, such as Probability of Detection 
(POD) approaches that are commonly used in industry to determine a confidence level for a given 
NDT/NDE inspection. Since 2010, CIVA 10 [7-8] had developed a POD simulation tool for UT and 
ET techniques. This tool was introduced in CIVA 11 RT module. The aim is this study is to 
estimate, by a statistical approach, the influence of several parameters’ variation range on a weld 
inspection. In a first part, we describe the NDE weld inspection with the influential parameters 
studied. Secondly, we present POD modelling in CIVA. And finally, we present the POD results of 
a RT inspection. 
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WELD INSPECTION AND INFLUENTIAL PARAMETERS  
For this study, we have chosen a RT inspection on a homogenous ferritic steel weld. Double 
wall exposure/single wall viewing technique are used, with the source and the detector 
positioned on a diameter, such that the radiation is incident normal to the axis at the center of 
the region of interest. The pipe is about 400 mm diameter. The inspection is performed with an 
Ir192 gamma source. The source position could be shifted from its nominal weld axed position 
from +/- 15 mm. By convention, the source is shifted  by -15 mm when the source is on the left 
side of the weld so opposite to the more thick part. As we can at figure 1 the inspection area is 
+/- 25 mm from the weld axis on the weld root. Each shot allows the inspection of an angular 
sector of 38.85°. 

 
 

Figure 1: Experimental set up of the weld inspection. 
 
Due to the angular sector and the pipe diameter, the POD simulation is divided into two parts: 

- A first part with the source aligned on the detector (see figure 2 on the left) 
- A second part with the source circumferentially misaligned (see figure 2 on the right) 
 

Figure 2: On the left, the source aligned on the detector. On the right, the source circumferentially 
misaligned 

 
We consider 3 different welds thicknesses: 

- Weld with maximum allowed thickness (24.1 mm) 
- Weld with nominal thickness (21.4 mm) 
- Weld with minimum allowed thickness (18.7 mm) 

The typical flaw is a trapezoid shape defect as shown in the following figure. 
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Figure 3: Typical flaw shape for the POD study 
 
In this study, the main parameter is the flaw height.  The aim is to determine the relation 
between defect height and probability of detection for this configuration. 
The other influential parameters studied are: 

- Gamma source positioning: - 15 mm, 0 mm, +15 mm 
- Flaw positioning in the inspection area (uniform distribution from +/- 25 mm on the 

both sides of the weld axis) 
- Weld geometries (maximum, nominal, minimum thickness) 
- Inspection geometry (aligned, circumferentially misaligned) 

 
POD MODELLING IN THE CIVA RT MODULE 
POD curves are estimated in CIVA using the Maximum Likelihood Estimation methods 
recommended in the MIL-HDBK 1823A [11] for Hit-Miss and Signal Response data. The 
reader could find more details on ICNDE Yokohama proceedings [8]. 
The simulation-POD approach implemented in CIVA (see figure 4) follows the uncertainty 
propagation method which consists in: 

-  Defining a characteristic parameter for POD computation (typically the flaw size) 
-  Defining parameters to vary within the range of the studied procedure,  
-  Describing uncertainty distributions for each of the uncertain parameters, 
-  Launching computations corresponding to Monte-Carlo sampling of the uncertain 

parameters,  
-  Analyzing the resulting data set and compute POD curves. 

 

 
 

Figure 4: POD implementation on CIVA 
 
For the radiographic technique, X/gamma ray film interpretation is based on human eye 
perception; thus there is no criterion of "universal" visibility / detectability. However, at least  
 
 

125



 
 

 
 
one detectability criterion is required for an automatic POD study. In CIVA, several visibility 
criteria can be applied to POD calculations in order to establish quantitative comparisons and 
increase the reliability level of results. Detectability criteria are implemented in CIVA via a 
plug-in approach in order to easily cross results obtained with different detectability criteria on 
the same POD study. 
Simple and classical contrast to noise ratio seems to be not sufficient to describe a detectability 
criterion. Two criteria are available in CIVA 11: 

- A criterion based on the average contrast on a reference surface, named Ellipse 
criterion [9]. 

- A criterion based on the contrast to noise ratio balanced by the surface inspired by the 
Rose criterion [10], named Rose criterion. 

POD curves are estimated using the Berens model. The conditions for the use of this model are: 
-  Linearity between characteristic parameter and detectability criterion 
-  Residuals present a normal distribution 
-  Standard deviation of residuals is independent of parameter characteristics 

To comply with the Berens model, the Ellipse criterion response data must be fitted on a 
Log/Log scale. As we can see at figure 5, with Ellipse criterion signal response is linear with 
flaw height on linear/linear scale and log/log scale. But residuals distributions are more 
independent of characteristic parameter with a log/log scale representation. 
 
 

      
 

 
Figure 5: Ellipse criteria response data distribution with log/log (on the left) and linear/linear 

(on the right) scale representation 
 
To comply with the Berens model, Rose criterion response data must be fitted on a linear/linear 
scale. As we can see at figure 6, with Rose criterion signal response is linear with flaw height 
on linear/linear scale and log/log scale. But residuals distributions are more independent of 
characteristic parameter with a linear/linear scale representation. 
 

    
 
 
 

 
Figure 6: Rose criteria response data distribution with log/log (on the left) and linear/linear (on 

the right) scale representation 
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After describing POD modeling and detectability criteria, the following part presents results 
obtained on our study case. 
 
POD RESULTS 
In this POD study, we used the fusion approach of scattered and transmitted images 
respectively from Monte Carlo and analytical computations to simulate the final images [12]. 
The detector model developed by EDF [13] is based on the European standard EN 584-1 [14] 
and converts the incident dose into an optical density value. A decomposition of a volumetric 
source into several small source points allowed the simulation of the source blurring. Detector 
response has been estimated experimentally [15] and included in the model via a modulation 
transfer function approach. 
For each POD study, we carried out 100 simulations for 6 different heights of defects (0.5 mm, 
1.25 mm, 2 mm, 2.75 mm, 3.5 mm and 4.25 mm). 
In the following results, we have extracted the a90/95 value. This value is the flaw height with 
90% chances to be detected with a 95% reliability as presented in figure 7. 
 

 
Figure 7: Example of POD curve and extraction of the a90/95 value. 

 
Tables 1 and 2 summarize the results of the POD simulations. 
 

Axed 
position 

Weld max Weld nominal Weld min 
a90/95 
ROSE 

a90/95 
Ellipse 

a90/95 
ROSE 

a90/95 
Ellipse 

a90/95 
ROSE 

a90/95 
Ellipse 

Axed 1.57 1.61 1.48 1.49 1.41 1.37 
-15 mm 1.45 1.45 1.37 1.37 1.29 1.27 
+ 15 mm 1.13 1.18 1.04 1.12 0.96 1.02 

Table 1: POD results for aligned. a90/95 value is the flaw height with 90% chances to be detected with 
a 95% reliability 

 
 
Circumfer
entially 
misaligned 

Weld max Weld nominal Weld min 
a90/95 
ROSE 

a90/95 
Ellipse 

a90/95 
ROSE 

a90/95 
Ellipse 

a90/95 
ROSE 

a90/95 
Ellipse 

Axed 1.77 1.57 1.55 1.35 1.47 1.27 
-15 mm 1.48 1.06 1.44 0.99 1.39 0.92 
+ 15 mm 1.39 1.35 1.29 1.29 1.31 1.24 
Table 2: POD results for circumferentially misaligned position. a90/95 value is the flaw height with 90% 

chances to be detected with a 95% reliability 
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POD simulation curves provide in all cases a90/95 value lower than 2 mm. The POD module 
allows to compare the results of the extractions obtained with 2 criteria. Excepting the case 
with the circumferentially misaligned geometry with a source shifted of 15 mm, the a90/95 
values computed with the Ellipse or Rose criteria are similar. In the case of this non-symmetric  
shape of the weld, the optical density image exhibits an important gradient. As ellipse criterion 
is more sensitive to image gradient than Rose criterion, the differences between Rose and 
Ellipse criteria results are the most important here. 
The a90/95 values are higher than those for the case of the source shifted from -15 mm in 
comparison with the source shifted from + 15 mm. This is due to the non-symmetric shape of 
the weld. When the source is shifted from -15 mm the crossed thickness is more important (see 
figure 1). Rose criterion gives a better 90/95 value in the case of the aligned geometry 
compared to the misaligned case.  But Ellipse criterion gives a better a90/95 value in the case 
of the circumferentially misaligned geometry.  From an experimental point of view, the 
circumferentially misaligned geometry is the most penalizing geometry for detection, but 
Ellipse criterion is more sensitive to the optical density image gradient. 
 
CONCLUSIONS AND PERSPECTIVES 
This study presents an example of POD calculations with the new CIVA 11 RT Module for a 
weld inspection. POD simulations were performed with 2 criteria that can be easily compared 
each other. Results show a good agreement between the two criteria. As Ellipse criterion is 
quite sensitive to the optical density image gradient, POD results obtained with Ellipse criterion 
have to be interpreted with care. Work is under progress to improve the RT POD module in 
order to: - include directly source position and weld thickness as uncertain parameters, 

 - add new detectability criterion . 
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