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Abstract 
 
Infrared Thermography (IRT) methods have experienced a strong growth during the last 
decade, extending their application fields to multiple industrial sectors as aerospace, 
energy, naval, automotive, etc. Reason is the fact that IRT is a fast and portable 
inspection procedure, where a short calibration time is required, enabling a significant 
reduction of the lead time. Internal defects are detected and their external dimensions 
and location on the component surface determined. The weak point of this technique is 
the lack of accurate data about defect position in component thickness: traditional IRT 
techniques only provide qualitative information about depth, being possible to 
distinguish if defects are close to front or rear surface, according to the time where they 
are identified in the infrared sequence.  
In this work, advanced post-processing methods, based on Thermographic Signal 
Reconstruction (TSR) technique, have been applied for analysing infrared sequences. 
This procedure merges the information from the whole sequence in only one thermal 
image where quantitative data about defects depth are included. 
 
 
1.  Introduction 
 
The highly competitiveness of the aeronautical industry and the need of reducing costs 
and lead times is driving to the development of alternative and fast non destructive 
inspections methodologies, in order to replace the traditional time-consuming 
techniques. Infrared Thermography (IRT) is one of the most promising techniques, 
whose main disadvantage is the lack of quantitative information about defects depth. 
With the aim of counteracting it, several post-processing activities are being developed 
for the analysis and quantitative characterization of the thermographic data.  
Best results are being obtained using the new definition of Thermographic Signal 
Reconstruction (TSR) technique (1, 2). In the classic TSR method, the variation of 
sample temperature during the time is approximated by means of an n-degree logarithm 
polynomial (equation (1)). 
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                                                                   (1) 
The new TSR (1, 2) proposes to determine the (n+1) coefficients of previous equation 
for each pixel of the image. The analysis of these images enables to identify defects in a 
qualitative way. The whole sequence is reduced to (n+1) images of polynomial 
coefficients. In addition, these images can be combined in order to obtain a unique 
improved image, where all defects can be detected. 
The determination of defect depth (zd) is carried out using equation (2). Previously, it is 
necessary the representation of the evolution ΔT-t for a back-wall pixel and other one 
where an indication is detected. From this representation can be extracted the value td, 
as the instant where the defect curve is separated from the line with slope -0.5 (which 
represents the ideal evolution of temperature in a semi-infinite mean without defects 
(3)). The value tL is the instant where the curve corresponding to the back-wall pixel is 
separated from the ideal line. L is the total thickness of the sample. 
 

                                                                                                                                (2) 

 
2.  Materials 
 
In order to evaluate the feasibility of this methodology, a polyamide sample with 
artificial defects has been design and fabricated using Additive Manufacturing 
technology, by means of Selective Laser Sintering (SLS) method. The total dimensions 
of this sample are 232 x 100 mm2 (Figure 1), with two different thicknesses, 4 and 
5 mm. Artificial defects have been included (polyamide powder not melted) of 6 x 6 and 
3 x 3 mm2, with thicknesses of 0.6 and 1 mm (thickness of the region in which powder 
has not been melted). The nominal depths of these defects are 1, 2 and 3 mm (nominal 
depth of each defect is shown in Table 1). In some defects (specified in Figure 1), the 
not-melted powder has been removed through a small hole made in the back sample 
surface. 
 

 
Figure 1. Polyamide sample manufactured by AM (a) Front view, (b) rear view and  

(c) artificial defect location drawing. 
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3.  Results 
 
Inspections have been performed using the infrared camera FLIR SC7000, whose 
characteristics are: mid-wave Indium Antimonide (InSb) sensor, spectral response 3-
5 µm or 8-12 µm, resolution 640 x 512 pixels, lens 5 mm F/2 22o x 17o and thermal 
sensitivity < 18 mK. Thermal excitation has been introduced using two halogen lamps 
of 2 KW. 
Once the infrared sequence has been acquired, the post-processing activities are applied. 
In this case, a third-degree logarithm polynomial has been considered for modelling the 
response of sample temperature during the time. The particular study of the four 
coefficients allows the simplification of the whole sequence to four images, where the 
presence of artificial defects can be identified. The analysis of these images reveals that 
the detectability of defects is reduces as the degree of coefficient is diminished. The 
combination of coefficients a1, a2 and a3 provides the grey scale image shown in 
Figure 2 a, where most of defects can be distinguished.  
 

 
Figure 2. (a) Output image from the sum of coefficients a1, a2 and a3, and (b) resulting map of defect 

depths [mm] in polyamide sample. 
 
Table 1 presents the defect depths calculated using equation (2), and its comparison 
with their nominal values. A good matching between both set of data is observed, 
especially in cases with larger damaged areas (defect size of 6 x 6 mm2) and higher 
defect thicknesses (1 mm vs. 0.6 mm). It should be noticed that the size of 3 x 3 mm2 
defects is smaller than the detectability limit of ultrasonic technique. Using the defect 
depth values, the output image from coefficients can be calibrated, obtaining a map of 
defect depths (Figure 2 b). 
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Table 1. Defect depth 

Defect 
Nominal 

Depth [mm] 
Estimated 

Depth [mm] 
Defect 

Nominal 
Depth [mm] 

Estimated 
Depth [mm] 

1 
(6x6mm) 1-1.6 11..44 13 

(6x6mm) 1-2 00..9933  

2 
(6x6mm) 2-2.6 22..99  14 

(6x6mm) 2-3 33..55  

3 
(6x6mm) 3-3.6 33..99  15 

(6x6mm) 3-4 33..66 

4 
(6x6mm) 1-1.6 22..00  16 

(6x6mm) 1-2 00..99  

5 
(6x6mm) 2-2.6 22..33 17 

(6x6mm) 2-3 33..44  

6 
(6x6mm) 3-3.6 33..77 18 

(6x6mm) 3-4 33..77 

7 
(3x3mm) 1-1.6 44..66  19 

(3x3mm) 1-2 22..66  

8 
(3x3mm) 2-2.6 33..88  20 

(3x3mm) 2-3 33..22  

9 
(3x3mm) 3-3.6 44..00 21 

(3x3mm) 3-4 22..99  

10 
(3x3mm) 1-1.6 33..66  22 

(3x3mm) 1-2 44..11 

11 
(3x3mm) 2-2.6 33..22  23 

(3x3mm) 2-3 33..22 

12 
(3x3mm) 3-3.6 33..88 24 

(3x3mm) 3-4 Not detected 

 
 

4.  Conclusions 
 
The validity of the new TSR method for the identification and characterization of 
defects has been verified through the inspection of a polyamide sample with artificial 
defects. In this case, 24 defects were included with different sizes and depths, being 
detected 18 of them in accurate way (defect position estimated approximately within the 
defect thickness). The positioning of defects having 3x3mm size is clearly less accurate 
than those with 6x6mm area, however the last are not included usually for detection in 
aerospace protocols. The joint implementation of IRT and new TSR method enable the 
full quantitative characterization of defects, converting this inspection procedure in a 
potential alternative (or complementary e.g. for fast inspections) to traditional 
ultrasonics methods. 
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