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Abstract 
In this study an approach to determine the Signal to Background Contrast, by using a threshold level as a suitable 
measure for Active Thermography is given. Carbon Fiber Reinforced Plastic specimen with artificial defects in 
random positions and depths were manufactured and analysed. These artificial defects were fabricated by using 
folded Teflon foil pieces to enclose a small amount of air, which acts as a delamination. 
Measurements were carried out in reflection as well as in transmission mode with data analysis in time and 
frequency domain. For thermal excitation two high power flash lamps were used. 
After processing of the temperature-time history diffusion time images as well as phase images were given to 
different inspectors to search for defects and mark them. From their results a hit/miss matrix was derived and a 
Probability of Detection analysis was carried out. 
 
Keywords: infrared testing (IRT), active thermography, signal to noise ratio (SNR), probability of detection 
(POD), carbon fiber reinforced plastic (CFRP) 
 
1.  Introduction 
 
Active thermography is a non-contact, image providing and fast Nondestructive Testing 
(NDT) technique and therefore of interest, especially for the aviation industry. To use it as an 
industrial inspection procedure the reliability of active thermography is one of the greatest 
aspects. It is common to use the Probability of Detection (POD) as a measure for the 
reliability of a NDT technique. 
Compared to standard methods like ultrasonic testing, active thermography is a rather new 
method and therefore only a limited number of studies are published [1]. 
To perform a POD analysis a defect characterization method is needed. In this study we used 
the Signal to Background Contrast (SBC) method, which is similar to the common Signal to 
Noise Ratio (SNR) method. Several specimens containing artificial delaminations of different 
sizes in different depths, ranging from non-detectable over hardly to easy detectable, were 
used. An approach how to define the SBC value was adopted from ultrasonic testing. 
Results of the thermographic measurements were given to inspectors as diffusion time- and 
phase images, in which they had to search for defects and mark them. A hit/miss matrix was 
derived from their results, which is the input for subsequent POD analyses. 
 
2.  Experiment and Analyses Techniques 
 
2.1 Specimen 
 
To carry out thermographic measurements five Carbon Fiber Reinforced Plastic (CFRP) 
panels were used. Each panel has four regions of the different thicknesses consisting of 6 
plies, 12 plies, 18 plies and 24 plies, where each ply is about 0.22 mm thick. Four to seven 
artificial defects with dimensions of 5x5 mm, 5x10 mm or 10x10 mm were placed on random 
positions and various depths in every region of the panels. Figure 1 shows an example of one 
panel with the defect locations. The numbers next to the defect indicate the interface of 
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adjacent plies, which is a measure for the depth. The greater the number the greater is the 
defect depth. These artificial defects were fabricated by using folded Teflon foil pieces to 
enclose a small amount of air, which acts as a delamination. The specimens were designed as 
internal NDT-reference standards with the intention to create non-detectable as well as hardly 
and easy detectable defects. In total the 5 specimens include 124 artificial delaminations, of 
which 73 were detectable by active thermography in reflection mode and 72 in transmission 
mode. 

 

 
 

Figure 1. Schematic illustration of a specimen panel. The gray 
areas represent the artificial defects and the numbers next to 
them the interface of adjacent plies, which indicates the depth. 
The greater the number, the greater is the depth of the defect. 

 
2.2 Measurement Setup and Data Processing 
 
All measurements were performed in reflection mode as well as in transmission mode using a 
focal plane array infrared camera with an optical resolution of 320 x 256 pixels and a spectral 
range of 3.0 to 5.0 µm. For thermal excitation of the specimen two high power flash lamps, 
each with an electrical energy of 3 kJ and pulse duration of approximately 2 ms, were used. 
The total measurement time was 150 seconds with a sample frequency of 50 Hz.  
These conditions fulfill the requirements of the subsequent processing of the recorded 
temperature data, which can be done in time or frequency domain, independent of the 
measurement setup as shown in table 1. 
To analyse the recorded temperature data in reflection mode we use the Thermographic Signal 
Reconstruction method (TSR) [2] and in transmission mode the Fast Fourier Transformation 
(FFT) [3]. 
As shown in table 1 there is an alternative analysing method in time domain for temperature 
data recorded in transmission mode called Linear Diffusivity Fitting method (LDF) [4], which 
is not used in this study. 

  



Table 1. Combination possibilities of measurement setups and evaluation domains 
 

 

Evaluation Method 
Pulse Thermography 

time domain 
Pulse Phase Thermography 

frequency domain 

Measurement 
Setup 

reflection mode TSR FFT 

transmission mode LDF FFT 

 
2.2.1 Thermographic Signal Reconstruction, TSR 
 
Thermal Signal Reconstruction is a useful analysis technique in time domain for data recorded 
in reflection mode. The log of the recorded temperature data were fitted by a serial expansion 
with fifth to ninth order in log time. From the time where the maximum of the second 
derivation was reached the thermal diffusivity of the material can be estimated. Defects, e.g. 
delaminations, disturb the thermal heat flux and therefore lead to differences in the material 
parameters [2]. Additionally the fitting by a polynomial function reduces the influence of the 
noise. 
 
2.2.2 Fast Fourier Transformation, FFT 
 
Another suitable analysis technique is the Fast Fourier Transformation which is applicable on 
both reflection and transmission mode and provides phase and amplitude from the measured 
temperature data. In our case the pulse excitation leads to thermal waves with a continuous 
spectrum of amplitudes and frequencies, which are damped differently. The phase contrast 
images obtained by Pulse Phase Thermography (PPT) are more tolerant to non-uniform 
heating and emissivity variations compared to unprocessed raw data [3, 1]. 
 
3.  Signal to Background Contrast 
 
In view of the POD analysis the Signal to Background Contrast, which is similar to the well-
known Signal to Noise Ratio, was introduced for defect characterization. The SBC is given in 
equation 1 
 ��� =

�ℎ���ℎ��������������−�����������������������������������������      (1) 

 

where ThresholdlevelDefect is the signal caused by the defect , MeanBackground is the mean value 
of the background and StandarddeviationBackground is the standard deviation of the background. 
The definitions of MeanBackground and StandarddeviationBackground are similar to the noise signal 
of common SNR.  
The ThresholdlevelDefect is defined as the brightness value at which 75 percent of the known 
actual defect size remains. This value is lower than the mean value of the brightness caused 
by the defect. This procedure is common in ultrasonic testing to be on the safe side when 
dealing with SNRs. Therefore we chose this approach and adopt it for this study. The 
procedure to get the threshold level is, that at first the defect must be framed by a region of 
interest (ROI), shown in figure 2a. On top of figure 2a the distribution of the pixel brightness 
along the blue line in the frame is shown. Subsequently the threshold level was increased 
continuously, beginning from lowest value within the ROI, until only 75 percent of the known 



actual defect area remains, shown in figure 2b. On top of figure 2b the red bars indicate the 
remaining pixels along the blue line in the frame. Next a surrounding sound region was 
defined automatically by the analysis software tool, based on a predefined width, which can 
be absolute or relative to the width of the defect ROI. The pixels of this defect free area are 
then used to calculate the mean value MeanBackground and the standard deviation 
StandarddeviationBackground of the background, (see figure 2c). On top of figure 2c the blue 
bars indicate the pixels along the blue line in the frame, which were used for the calculation of 
MeanBackground and StandarddeviationBackground. The red bars are equal to the ones in figure 2b. 
By this procedure every defect is characterized by its own SBC value, which is later used to 
create the hit/miss matrix for the POD analysis. 
 

 
 

Figure 2. Obtaining SBC parameters: (a) definition of the defect area by the inspector. On top, the distribution of 
the pixel brightness along the blue line in the frame is shown; (b) increase of the threshold level until 75% of actual 
defect area remain. On top, the red bars indicate the remaining pixels along the blue line in the frame; (c) definition 
of a surrounding defect free area and calculation of the background values. On top, the blue bars indicate the pixels 
along the blue line in the frame, which were used for the calculation of the mean value and standard deviation of 
the background signal. The red bars are the same as in (b). 

 
4.  POD analysis 
 
4.1 Hit/miss data 
 
In general there are two ways to treat data, either as a continuous signal response, or as a 
discrete hit/miss response. In the latter case the data are binary and consist only of zeros or 
ones, which denote a missed or detected defect [5, 6]. 
In this study we focused on POD analyses based on the hit/miss data. To generate a hit/miss 
matrix 5 diffusion time images of measurements in reflection mode analysed by TSR method 
and 5 phase contrast images of measurements in transmission mode analysed by FFT method 
were given to 9 inspectors. These inspectors had no information about the amount and 



location of the defects and used a given software tool, to scale the contrast, change the 
colormap and mark a detected defect. Defects are only represented by their SBC value, 
regardless of the size and depth.  
Figure 3 shows an excerpt of the hit/miss matrix, where the first column contains the SBC 
value of each defect and the following columns the hit/miss data of each of the nine inspectors. 
 

Table 2. Overview of detectable defects and the inspector’s performances 
 

 Reflection mode setup; 
number of detectable defects: 
N=73 

Transmission mode setup; 
number of detectable defects: 
N=72 

Both 
 
N=145 

Hits 
(n) 

Misses 
(N-n) 

Detection 
rate 

n/N [%] 

Hits 
(n) 

Misses 
(N-n) 

Detection 
rate 

n/N [%] 

Detection 
rate 

n/N [%] 

Inspector 1 55 18 75,3 58 14 80,6 77,9 

Inspector 2 50 23 68,5 53 19 73,6 71,0 

Inspector 3 50 23 68,5 52 20 72,2 70,3 

Inspector 4 50 23 68,5 52 20 72,2 70,3 

Inspector 5 47 26 64,4 53 19 73,6 69,0 

Inspector 6 47 26 64,4 51 21 70,8 67,6 

Inspector 7 45 28 61,6 52 20 72,2 66,9 

Inspector 8 45 28 61,6 51 21 70,8 66,2 

Inspector 9 44 29 60,3 44 28 61,1 60,7 

Figure 3. excerpt of the 
hit/miss matrix (see text) 

 
Table 2 gives an overview of the detectable defects and the inspector’s performances (hits, 
misses and detection rate) for the two chosen evaluation procedures. The detection rate is 
simply the number n of defects detected by the inspector divided by the total number N of 
detectable defects. The rather low detection rates come from the very low detectability of 
some defects. 
 

 
 
Figure 4. Exemplary hit/miss data of inspector No. 4 with an overlapping range between the SBC values of about one and 
two. At SBC = 5.2 an outlier can be seen (see text) 

 
Figure 4 shows exemplarily the hit/miss data of inspector No. 4. Clearly seen is an 
overlapping range of SBC values between one and two. Remarkable is the miss at the SBC 
value of 5.2, which is an outlier and should not occur. Possible reasons for this outlier could 
be oversight due to bad scaling, difficulties with the software or the inspector forgot to mark 
the defects. 
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4.1 POD model and POD function 
 
The first step in a POD analysis is to choose the right model (link function). In this study we 
used a software tool (freeware) for statistical calculation, which allows comparing four 
different link functions, each of them for Cartesian and logarithmic x-axis [7, 6]. Link 
functions are necessary to link the binary hit/miss data to the defect characterization variable, 
which in our case is the SBC value. 
 

 
 

Figure 5. Result of eight different link functions each with Cartesian (a, c, e, g) and 
logarithmic x-axes (b, d, f, h). (a, b) logit function, (c, d) probit function, (e, f) Weibull 
function and (g, h) the CDF of log normal function  

 
Figure 5 shows results of the eight link functions available in the software tool. It can be seen 
that the logit function with Cartesian x-axis (Figure 5a) leads to the best fit. It is given as 
 ���(�) =

�(�+��)1+�(�+��)
       (2) 

 
where � = ��� is the quantity for defect characterisation and α and β are model parameters. 
An equivalent form of equation 2 is given as 
 ���(�) =  

11+�−��3 
�−�� �      (3) 

 
where � = − �� is the SBC which is detected by 50 percent of the inspectors and � =

�√3 � is a 

measure for the steepness of the POD function. The smaller the value of σ, the steeper is the 
POD function [5, 6]. 
 



 
 

Figure 6. POD curves for (a) reflection mode based on TSR analysis and (b) transmission mode based on FFT analysis 

 
Figure 6 shows the POD curves for the measurement results in reflection mode based on TSR 
analysis (a) and for the measurement results in transmission mode based on FFT analysis (b). 
From industrial point of view the SBC values a90 and a90/95 are of special interest. a90 and a90/95 

are characteristic statistical numbers where a90 denotes the value at which 90 percent of the 
inspectors will detect a defect and a90/95 denotes the value where 90 percent of the inspectors 
would detect a defect with a confidence level of 95 percent. 
 

Table 3. Comparison of the average detection rate and the POD results for the reflection mode based on TSR 
analysis and transmission mode based on FFT analysis 

 
 average detection rate a90 a90/95 

Reflection mode  
Time domain analysis 

65,9% 2.289 2.984 

Transmission mode  
Frequency domain analysis 71,9% 1.952 2.623 

 
As shown in table 3, the transmission mode based on FFT analysis is preferable to the 
reflection mode based on TSR analysis, if it is applicable. This conclusion comes from better 
values for the average detection rate as well as the a90 value and the more statistical 
significant value a90/95. 
 
5.  Conclusions and Outlook 
 
A comparison of the POD results (a90, a90/95) showed that the transmission mode measurement 
with an analysis in the frequency domain (FFT) is preferable compared to the reflection mode 
with time domain analysis (TSR). This is also confirmed by the average detection rate. 
In a future work we would take the defect size and the individual inspector assessments into 
account as well as the size and the depth of defects in a separate manner. In this study the 
defects were only evaluated by their SBC attribute, for simplification of the evaluation 
procedure. 
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