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Abstract. Defect perception on films by operators is difficult to compare to the same 
perception on simulated images due to the fact that operators are not used to visualize 
digital images, and moreover, the conditions of visualization have a great influence 
on the perception. In order to get round of the problem, we have compared the operator 
decision on radiographic films with quantitative parameters computed on the 
corresponding simulated images. The aim is to define detectability parameters which 
have the best correlation with the operator decision. In order to get statistical 
significance, a high number of “defects” has been used by using image quality 
indicators which were cut in several parts. The simulation of the complete scene was 
a real challenge due to the high resolution needed combined with the quite large size 
of the steel plate. We present the correlation results obtained with different 
parameters, where it appears that all parameters based on contrast correlate very well 
to the operators’ decision. As a second step, a simulation study was conducted in order 
to investigate the influence of a density gradient, which is known to decrease the 
visibility of defects. A global detectability criterion is finally proposed. 

Introduction  

Several simulation codes for X-ray radiography have been developed since a number of 
years, and they have been extensively used to forecast the performances of a given inspection 
situation, or to optimize acquisition conditions, compare different detectors, etc…. In the 
MODERATO code developed by EDF, the radiographic film response is included in the 
simulation, and a number of validation studies have been conducted to compare the simulated 
images with experimental radiographic films, in terms of quantitative image quality 
parameters such as build-up factors, signal to noise ratio. However, the defect perception on 
films by operators is much more difficult to compare to the same perception on simulated 
images due to the fact that operators are not used to visualize digital images, and moreover, 
the conditions of visualization have a great influence on the perception. 
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In order to get round of the visualization problem, as a first step, we have compared the 
operator decision on radiographic films with quantitative parameters computed on the 
corresponding simulated images. The aim is to define detectability parameters which have 
the best correlation with the operator decision. This first study is conducted on a flat steel 
plate, using a high number of defects obtained from image quality indicators of various 
diameters and nature. Then, as a second step, the influence of a thickness gradient is 
investigated by simulation only and a global detectability criterion is derived, giving a good 
correspondence with the operators’ visibility. 

 

1. Statistical study on a flat steel plate 

1.1 Experimental radiography set-up and interpretation of the films 

A major problem of all studies comparing human film interpretation with digital images is 
the small number of representative defects. In our previous studies [1,2], a number of mock-
ups including notches or holes were used, but each part was different, and it was not possible 
to get statistically relevant results. Thus, in order to reach statistical significance, a high 
number of “defects” has been produced by using image quality indicators which were cut in 
several parts [3]. Different materials were chosen in order to span a wide range of attenuation 
(copper and iron). Lead wires were also used, as well as tungsten fragments cut from welding 
electrodes. A total of 192 defects was obtained between 0.05 and 3.2 mm of diameter, 
different lengths (from 5 to 20 mm) and attenuation between 0.7 and 7% with respect to the 
steel plate (30 mm of steel). A flat steel plate was chosen for this first study. All the defects 
were placed at random positions and with three different possible orientations on the steel 
plate (0°, 45°, 90°), source side, on a total surface of 30*30 cm. Figure 1 shows the 
experimental set-up, and Figure 2 shows the disposition of the 192 defects. An Iridium source 
was used, and exposure times were chosen to reach an optical density of 3 in the middle of 
the film (class C2) [4]. 
 

 
Fig. 1. Experimental set-up for the radiograph of IQI-type defects on a steel plate with Ir192 source. 
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Fig. 2. 192 IQI-type defects were placed with different orientations on a scaled page, which was then 
radiographed on a 30mm thick steel plate (see fig.1) 

The operators were asked to note down each visible indication with a specific color according 
to a visibility level using 4 grades (very low, low, rather high, high visibility). An example 
of interpretation sheet is shown in Figure 3. A manual comparison with the original position 
of the defects allowed to relate each defect to its visibility, taking also into account the not 
visible defects. Three different operators participated to the study, and their decisions were 
averaged. 

 

Fig. 3. Each operator noted down the visible defects on the radiographic film using a transparent slide, with a 
4-color grade (visibility level black=very low, green=low, blue=rather good, red=very good). 
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1.2 Simulation of the corresponding scene 

The exact position and orientation of each specific defect was manually noted down, in such 
a way that the simulation could be carried out in the same situation, as well as all experimental 
conditions (Iridium source, etc…). However, simulating such a scene (30 x 30 cm) with a 
good spatial resolution was a challenge. The smallest defect being 50 µm in diameter, a small 
pixel size was required (20 µm). But a scene of 30 cm x 30 cm with a pixel size of 20 µm 
means 15 000 x 15 000 pixels. Simulation at this scale was not possible. Thus, a multi-
resolution approach was developed. 
Monte Carlo (MC) simulation of the complete scene was carried out using a low spatial 
resolution, as the scattering is known to present low frequency variations. Direct and 
scattered beams were kept separately. On another hand, a high spatial resolution computation 
of the Beer-Lambert (BL) law (analytical simulation) was carried out using a region of 
interest around each defect (20 x 20 mm). Of course the original position of the defect with 
respect to the source was considered. Then, the BL image and the MC scattered beam were 
combined, using the ratio MC/BL computed by the MC calculation, so that a final high 
resolution small image (20 x 20 mm, pixel size 20 µm) was obtained for each defect. The 
same procedure was done without defect in order to have also the reference image of the 
same region.  

 

1.3 Correlation between operator visibility and various parameters 

A lot of parameters were computed to be compared to the operator visibility: several contrast 
parameters, as well as geometrical parameters. As a first step, no noise was included in the 
simulation. We present first the correlation results obtained with the defect contrast (Figure 
4), where it appears that it correlates very well with the operators’ visibility. This is not 
surprising as contrast is known to be a major factor to explain visibility.  
 

 
Fig. 4. Correlation between the operators’ visibility and the defect contrast 

 
Another parameter called “visibility EDF” was introduced by E. Besnard [5] in which the 
contrast is computed in an elliptic zone of fixed area A0 (1.6mm2). If the defect area Adef is 
smaller than this area, the contrast is weighted by the area ratio Adef/A0. The idea behind this 
parameter is that the visibility of an indication increases with its area until a “saturation 
effect” is reached, i.e. an area above which the visibility is constant. The correlation obtained 
(fig. 5) is very similar to the contrast computed on the defect itself (i.e. computed on the 
pixels belonging to the defect, thus, of varying area). 
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Fig. 5. Correlation between the operators’ visibility and the actual EDF visibility criterion. 

 
The area was already an influent parameter suggested by Rose [6] who developed a criterion 
for round defects in a uniform noisy background, namely a contrast to noise ratio, weighted 
by the squared root of the defect area [7]. In our case, no noise was simulated, thus the Rose 
criterion was computed as the contrast times area (“K_Rose _bis”). The obtained correlation 
is less good than that obtained with the contrast alone (figure 6). If we look to the area of the 
defects compared with the visibility of the operators, it appears that for very high areas, the 
visibility reaches a saturation effect, but for the majority of the defects, all visibility levels 
can be obtained independently of the area, and in particular, defects up to high areas are not 
visible, while smaller ones are perfectly seen. Thus, a conclusion is that the area can help 
visibility, but is not a major factor that determines it as it can even degrade the correlation 
obtained with contrast alone. 

 
Fig. 6. Correlation between the operators’ visibility and the “Rose” criterion without noise 

 

 
Fig. 7. Correlation between the operators’ visibility and the defects area 

Length and width of the defects have been computed as well. The visibility is better when 
the defect width increases (fig. 8 left) because the defects are image quality indicators of 
cylindrical shape, i.e. the attenuation increases with the width. Thus, finally the width is 
similar to the contrast. The length is not a relevant indicator in our study since it appears that 

R² = 0.875

0

1

2

3

4

5

0 0.05 0.1 0.15 0.2

O
p

e
ra

to
r 

v
is

ib
il

it
y

EDF Visibility

R² = 0.8295

0

1

2

3

4

5

0 10 20 30 40 50

O
p

e
ra

to
r 

v
is

ib
il

it
y

K_Rose_bis

0

1

2

3

4

5

0 20 40 60 80

O
p

e
ra

to
r 

v
is

ib
il

it
y

Area (mm2)



6 

all visibility levels are obtained for all lengths. The IQIs were cut in specific lengths (5, 10, 
15, 20 mm) so that only some values (projected lengths) are obtained. 

  

Fig. 8. Correlation between the operators’ visibility and the defects width (left) and length (right) 

Taking into account the evolution of visibility with contrast, an exponential function was 
defined (relation (1)), as already used in our previous study [8]. The obtained parameter 
varies between 0 (not visible defect) and 1 (perfectly visible), and is called “defect confidence 
index” (DCI). The correlation obtained with the DCI is much better thanks to the exponential 
function. The “a” parameter is used to tune the function to reach 1 for a given value of C. 

 経系�岫系岻 = 1 − exp岫− �2銚 岻         (1) 

 

 
Fig. 9. Correlation between the operators’ visibility and DCI (contrast) with a=2. 

2. New detectability criterion including gradient penalisation  

In order to find a detectability criterion representing all possible factors influencing the 
visibility, a simulation study was conducted, during which the operators were asked to give 
their visibility level directly on the digital image resulting from the simulation tool. The 
selected mock-up is a socket weld between two pipes of different thicknesses, in which a 
notch is included. Eleven parameters were chosen as influencing factors (source position, 
detector orientation, geometrical parameters of the notch, pipes thickness, cf fig. 10). In order 
to get an accurate simulation similar to film radiography, an oversampling approach was 
chosen for the BL calculation: inside a pixel of 80 µm, several rays were generated so that to 
be equivalent to a pixel size of 20 µm. The results are averaged on the 80 µm pixels. This 
size was chosen to be equal to the pixel size of high resolution screens. The eye to screen 
distance for visualisation was chosen as the ratio of screen pixel size to the angular eye 
resolution (tan = 1’). The noise level was computed according to the standard ISO 11 699-
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1 [11] in the MODERATO code. A total of 89 configurations with defects and 89 without 
defect were randomly generated, so that the operator did not know in advance if a defect is 
present. Three operators were asked to visualize the digital images under controlled 
conditions: 256 grey-levels representing an optical density range [0,4]. No zoom nor contrast 
adjustment were allowed. A specific software for visualization was developed by INSA 
(XInterpretor), in which some typical tools for film interpretation were added like dual film 
interpretation (slowly moving the image and relaxing the displacement, allowing to better 
see the defect) and negatoscope tool (possibility to select a region of interest, all the rest of 
the image being black). 

 
Fig. 10. Simulated scene including a notch defect in a thickness gradient: different values of all the 

represented parameters have been simulated. 
 

A novel indicator was defined, which takes into account all the observed data: (i) the contrast 
is the major factor influencing visibility, (ii) area should improve the visibility to a less extent, 
(iii) noise should decrease visibility, (iv) a high gradient of optical density decreases the 
visibility. The Rose parameter takes into account the first three points. For the last one, the 
optical density gradient is computed as the maximal grey-level difference measured in the 
vicinity of the defect (the vicinity is defined as a 6-pixels wide band located three pixels far 
from the defect boundary, and is obtained by morphological dilation operations and logical 
subtraction).  
The novel parameter C is defined as follows (relation (2)): it is based on the Rose parameter, 
weighted by a penalty factor computed from the gradient of grey-levels around the defect. 
The gradient is divided by 4, which is the maximal optical density range In case of a uniform 
background (gradient = 0) C equals the Rose parameter. From C, a defect confidence index 
DCI(C) with a=20 is computed using relation (1). Figure 11 shows that the separation 
between visible and not visible defects is perfect above DCI=0.5 if we consider that defects 
are detected as soon as one operator has seen it. If the end user prefers another criterion, the 
tuning parameter can be adapted, which is a big interest of this DCI function. 

 

  系 = ��鳥勅捗勅頂�−��長銚頂�直鳥�匂賑肉 √�√岫1+虹��匂�賑��4 岻       (2) 

2. Conclusion 

A statistical study has been conducted to correlate the decision of operators on radiographic 
films, with contrast and geometric parameters computed on digital simulated images. It 
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appears that all parameters based on contrast correlate very well to the operators’ decision. 
An exponential function has been proposed to increase the correlation coefficient and get a 
so-called “Defect Confidence Index” which presents the advantage to vary between 0 (not 
visible) and 1 (perfectly visible). As a second step, a simulation study was conducted in order 
to investigate the influence of a grey-level/optical density gradient, which is known to 
decrease the visibility of defects. A global detectability criterion in the form of a Defect 
Confidence Index is finally proposed. Our next work will consist in validating this new 
indicator with experimental real defects on radiographic films. 

 

 
Fig.11. Left: Representation of the proposed C parameter versus operator visibility; Right: ICD(C) obtained 

versus visibility level. The interest is to get a good separation between not visible defects and visible ones. 
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