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Abstract. Composite materials are widely used in the modern industry. These structures are 

vulnerable to damages and require reliable assessment of quality using the non destructive 

techniques. In this paper we introduce active thermography to examine modern composite materials. 

Some algorithms helpful in the removal of image distortion caused by non-uniform heating will be 

presented. Proposed algorithms will be tested on both: numerical and experimental data. 
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Introduction 

 

The studies on composite materials, due to their growing popularity in industrial applications, are 

becoming an increasingly popular branch of the non-destructive testing. These materials may be 

used, among other applications, in wind turbine blades and are exposed to various kinds of 

damages, therefore the development of accurate methods of their health monitoring has to be 

considered important. 

 In non destructive testing of materials the emphasis is not only put on the non-invasive 

defects' detection, but also on their identification and characterization [1]. The identification means 

classifying defects to some groups (in composites, we typically deal with delaminations, inclusions, 

cracks, etc.), while defect characterization refers to estimation of its size and depth. Therefore, some 

algorithms are used to obtain syntactical images, that provide more information than the raw signal 

from thermovision camera (thermogram). 

 However, prior to advanced image processing methods used for the extraction and 

evaluation of detected defects in material, the preliminary analysis has to be performed. This 

analysis is used mainly to remove the thermogram background resulting from uneven heating. This 

part of thermogram evaluation is crucial for successful overall evaluation of the examined sample. 

There are many methods which may be useful in background removal [2, 3, 4]. In this article we 

present four of them: median filtering, first and second derivative of the signal, curve fitting and 

discreet Fourier transform.  

 In this paper we will present the analysis of the data obtained by numerical modeling and 

experiments using active thermography with halogen lamps excitation. First, we will perform 

background removal on the numerical data obtained as the result of simulation conducted in 

commercial software (Comsol Multiphysics 4.4) using FE method. The effectiveness of each 

method will be evaluated as well. As a second step, similar analysis will be performed for the 

experimental data obtained using the experimental setup with active thermography.  
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Numerical modelling 

 

The first stage of the research was to create a three-dimensional numerical model of a composite 

sample (GFRP) with two delaminations in commercial software COMSOL. In the Table 1 the 

geometrical properties of the sample as well as the properties of defects are gathered. 

 
Table 1. Geometrical properties of specimen and defects 

 Width [m] Depth [m] Height [m] 
Location 

x axis z axis 

Specimen 0.05 0.05 0.01   

Delamination 1 0.005 0.005 0.001 0.01 0 

Delamination 2 0.005 0.005 0.001 -0.01 0.025 

 

The sample's heating using halogen lamps was simulated. The Heat transfer with  

surface-to-surface radiation module was used to simulate the phenomena of the heat flow through 

the sample. The defects were simulated as a certain volumes filled with air, which may correspond 

with delaminations. Heating of the sample was implemented using a step function, which takes a 

certain value of heat flux for a specified time period and a 0 (no heat flux) value for the cooling 

period. This function was defined at front face of the sample. In Fig. 1 the used geometry is 

presented. 

 

 
Fig. 1 The geometry used in numerical modeling using COMSOL 

 

The material properties of the sample and air are gathered in Table 2. 

 
Table 2. Material properties 

Property k (W/m·K)  (kg/m
3
) Cp (J/kg·K) 

GFRP 0.3 1420 1700 

Air 0.022 1.29 1010 

 

The time of heating was set to 100 s and time of natural cooling of the system was set to 200 s. In a 

result of time dependent analysis we obtained 40 thermograms (one thermogram from cooling phase 

was recorded in every 5 seconds). In Fig. 2 the exemplary thermogram from the sequence in 

presented. 
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Delamination "1" 

Delamination "2" 



 

 
Fig. 2 Thermogram obtained through numerical simulation 

 

Experimental setup and results 

 

The experimental setups using active thermography with halogen lamps was used (see 

Figure 3). The system consists two halogen lamps of power up to 2000 W and thermal imaging 

camera FLIR A325 (located at WUT, Poland). The sample is evenly illuminated by halogen lamps. 

The sample observation takes place both during the heating and during the natural cooling of the 

system. As a result the thermograms' sequences are obtained. 

 
 

Fig. 3 The schematic and the photograph of the experimental setup 

 

The examined, defected specimens was the laminate of polyester resin matrix reinforced with two 

layers of basalt fiber fabric and the Spherecore 4 mm separator. The defect was in the form of the 

incision (with a length of approximately 5 cm) made on half the thickness of the separator (sample 1). 

The sample was heated for 30 seconds, and the time of cooling phase was set to 90 seconds. As a 

result the sequence of 120 thermograms was obtained. 

Background removal results for numerical data 

  

The four methods of background removal for computed image sequence were used: median 

filtering, first and the second derivative, curve fitting and DFT (Discreet Fourier Transform).  

In median filtering the median filter with a large mask is used for each image in the sequence. 

The mask size has to be chosen properly, as this is the main factor of method effectiveness. It has to 

be comparable with the defect size. The result of median filtering for exemplary image from the 

sequence is shown in fig. 4. As a result of median filtering we obtain the averaged image of the 

background (fig. 4b ) which can be subtracted from original thermogram. Finally we get the image 

with reduced level of distortion, where the defects are more visible (fig. 4c ). 

 



 

 
Fig. 4 The median filtering. a) original image, b) result of median filtering, c) result of subtraction of the images 

 

The second used method was first and second derivative. As we have the images' sequence, for each 

pixel in the image we can plot the function of temperature in time: T(t)). Therefore there is a 

possibility to compute the first and second derivative in time domain for each of obtained functions. 

As the behavior of the function will be more nonlinear in proximity of the defect, as a result we get 

the images with enhanced visibility of the defect with reduced background (fig. 5). 

 

 

Fig. 5 The images obtained by computing a) first derivative, b) second derivative 

 

In the third case the Matlab curve fitting toolbox was used. In this method the fifth order polynomial 

is used to approximate the input image. In fig. 6 the method steps are presented. First, for each 

image in the sequence, the approximated function in the form of fifth order polynomial is computed 

(fig. 6b presents one of the function computed for exemplary image, plotted in 3D space). Then 

obtained data is subtracted from the original image (in fig. 6a one can see the original image plotted 

in 3D space).  After the subtraction the image with reduced background is obtained. In fig 6c and 6d 

the data plotted in 3D space as well as the output image are presented.  

 

 

 

 

 

 

 

 

 

 
 

Fig. 6 The curve fitting method. a) the original data plotted in 3D, b) data after curve fitting, c) result of subtracting the 

data, d) output image  

a) b) 

c) d) 

a) b) 

a) b) c) 



 

In the fourth method of background removal the analysis of obtained sequence is based on Discrete 

Fourier Transform (DFT), which  allow to evaluate the output as the combination of phase and 

amplitude. The procedure scheme is presented in Fig. 7. 

 

Fig. 7 The Discrete Fourier Transform for thermogram sequence scheme 

The well known Fourier Transform of each pixel in the thermogram sequence may be written as 

follows [2, 5]: 
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where n denotes the frequency increment, and Re and Im indicate the real and imaginary parts of 

transform. The amplitude (An) and phase ( n) are computed using following formulas 
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As a result we obtain the sequence of phase and amplitude images. Fig. 8 presents the best 

amplitude and phase image.  

 

 

 
Fig. 8 The result of Fourier analysis. a) phase image, b) amplitude image 

Background removal results for experimental data 

 Presented in previous section numerical data are not affected by not uniform heating. In 

practice the data obtained as a result of experiment is more difficult to work with. In fig. 9 the image 

sequence obtained for sample 1 is presented. It can be noticed that every image in sequence has 

different level of unwanted background. Again we will use four methods of background removal 

and evaluate their effectiveness.  

 

a) b) 



 

 
Fig 9. Chosen thermograms from acquired sequence 

 

 

 

 
 

 

 

 

 

 
Fig. 10 The median filtering and curve fitting. a) original image, b), c) image obtained after median filtering and 

curve fitting, c), d) results of image subtraction 

 

In fig. 10 we can see the comparison of two similar methods: median filtering and curve fitting. 

Clearly the median filtering gives a better result. The background obtained by the median filer with 

a large mask is shown in fig. 10a. In case of background obtained as result of curve fitting (fig. 10b) 

one can observe that some background features were not approximated correctly. Fig. 10c and 10d 

present the results of background removing using both methods. The visibility of the defect (marked 

in fig. 10a) is better in image presented in fig. 10c. 

 

 

 

 

 

Fig. 11 The images obtained by computing  first and second derivative 

 

Fig 11 presents the result of using first and second derivative for the image sequence. It can be 

clearly seen that this method fails to remove the background correctly. The large amounts of 

background features, that may imitate the defects and low visibility of the defect itself cause this 

a) 

a) c) 

b) d) 
Defect: 5cm long incision 



 

method ineffective. The result of Fourier analysis of the thermogram sequence is presented in  

fig 12. The fig 12a present the chosen phase image. The visibility of the defect itself is slightly 

enhanced, but the background was not removed. The amplitude image is not substantially different 

from the presented (fig. 10a) best image from the sequence. 

 

Fig. 12 The result of Fourier analysis. Phase and amplitude image 

Conclusions 

 The four methods of background removal: median filtering, first and second derivative, 

curve fitting and DFT were used for numerical and experimental data. All of the methods gave 

reasonably good results in case of numerical data. In case of more distorted experimental data only 

median filtering can be considered effective. The background removal methods are used prior to 

more advanced image processing methods allowing the defects evaluation. It can be clearly seen 

that choosing the proper method is crucial in the further image analysis.  
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