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Abstract 
Active thermography (IRT) represents one of the most promising techniques for replacing traditional techniques 
for surface breaking defects detection in welds, such as Liquid Penetrant, Magnetic Particles or Visual 
Inspection. The use of spatial processing techniques is a fast and generally valid technique for indications 
detection in IRT. However, the appearance of false positives is a common problem due to surface changes in 
emissivity. These changes can be originated as a result of surface roughness and/or sample contamination 
(grease,…), among other causes. Therefore, this work will show a combination of both spatial and temporal 
processing techniques in order to automate the defect detection process reducing the computational cost that 
generally is derived from the temporal study. By this approach, the feasibility of IRT for replacing traditional 
inspection techniques is proved. 
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1. Introduction 
Behaviour and lifetime of metallic components are critically affected by surface breaking 
defects appearance. Specifically, the presence of a crack in a component under fatigue 
loadings and high temperature conditions should be avoided since it could grow rapidly with 
fatal consequences. 

Welding processes which subject the components to fast temperature and state changes are 
prone to the occurrence of both surface and volumetric defects such as cracks and pores, as it 
can be observed in Figure 1. Therefore, inspections in manufacturing and periodic 
maintenance of welded components are mandatory in order to assure safety in critical 
applications. 

Traditional Non Destructive Tests such as Visual Testing (VT), Liquid Penetrant Testing (PT) 
or Magnetic Particles Testing (MT) are used in order to carry out these surface inspections. 
All of them are very operator dependent and in the case of PT and MT chemical waste 
products are used, which are not allowed in some critical applications.  

 
Figure 1. a) surface breaking crack and b) surface pore. 

 

Active infrared thermography (IRT) represents one of the most promising techniques for 
replacing traditional techniques for surface breaking defects detection in welds. Active IRT 
concept is depicted in Figure 2. As it can be observed, it is a noncontact technique that makes 
use of an excitation source that modifies the temperature field of the sample under test and an 
infrared camera that monitors the evolution of infrared radiation from the object's surface 
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(that can be correlated with temperature values). The presence of surface breaking or even 
sub-surface defects will directly imply a deviation of the surface temperature field. 

 
Figure 2. Active infrared thermography (IRT) concept 

The need of an excitation system for sample heating makes essential a proper heat source 
selection for optimised defect detection capabilities for each specific case of material, 
geometry and other relevant factors. Three main excitation types can be found in literature [1234- 
5]: Optical, electromagnetic or mechanical. The first two ones are non-contact techniques 
while the last one, even though some works [6] are dealing with air coupled vibro-
thermography, requires some coupling between excitation source and sample. 

As IRT is based in the IR radiation detection , surface optical properties could directly cause 
results misinterpretation and noise. Specifically, surface roughness, imperfections and dirt, 
such as dust or grease, have a big influence in the emissivity (ε), which characterizes the IR 
radiation emission. Therefore, signal processing techniques that eliminate or minimize the 
emissivity influence in the final results become crucial for IRT to be applied in realistic 
environments. This work will show the effectiveness of combined signal processing 
techniques for surface defects automated detection and characterization. 

2. Field of application 
 
2.1 Multipass welding processes. 
 
Thick plates are widely used in different industries such as the shipbuilding, nuclear, 
petroleum, natural gas pipeline industries as well as the large steel construction industry. 
Therefore, it becomes very important to study the welding process of thick plates.  

It is a common way to join thick steel plates by multi layer/multi pass arc welding by opening 
a groove before welding. On simple welds, inspecting at the beginning of each operation and 
periodically as work progresses may be adequate. When more than one layer of metal filler is 
being deposited, however, it may be desirable to inspect each layer before depositing the next. 
The initial or root pass of a multipass is the most critical to weld soundness. It is especially 
susceptible to cracking, and because it solidifies quickly, it may trap gas and slag. On 
subsequent passes, conditions caused by the shape of the weld bead or changes in the joint 
configuration can cause further cracking, as well as undercut and slag trapping.  

Repair costs can be minimized if Visual Inspection detects these flaws before welding 
progresses. Liquid Penetrant inspection is also widely used for the detection of surface 
discontinuities such as cracks, porosities etc. in welds especially non-magnetic in nature, such 
as Monel, Stainless steel welds etc. For difficult to access welds or for automated inspection 



Active thermography (IRT) represents an alternative to Visual or Liquid Penetrant inspections 
as will be studied in the following paper. 

 
2.2 Case of Study 

The practical case described here consists on the study of two 70 mm thickness AISI 316 
welded samples with drills of 1, 2 and 2,5 mm and two different surface roughnesses, as it can 
be observed in Figure 3. One of them is left in the “as weld” condition while the second one 
has been polished in order to simulate both root and final passes of a multi-pass welding 
process. 

 

a) b) 

Figure 3.a)“As weld” and b) polished manufactured samples with drills. 
 

For the controlled heating of the weld surface and Heat Affected Zone (HAZ) of the sample, 
an optical heating line scanner has been selected. This heater is attached to the camera and 
displaced together along the surface under inspection. 

For the radiation monitoring, an IR camera with an image resolution of 392 pixels x 288 
pixels and a microbolometer sensor, sensitive in the 8-12 µm LWIR (Long Wave InfraRed 
range), has been used. This camera is able to record thermogram sequences at 30 fps (frames 
per second). 

Once performed the inspection, the analysis of the IR data collected by the camera consists of 
different steps that include: a) heating line automated detection, b) image reconstruction after 
scanning, c) spatial processing and patterns recognition and d) temporal analysis of selected 
areas.   

  



3. Data Analysis 
 

3.1 Spatial processing: Thermal image reconstruction and segmentation. 
 

After the thermogram sequence acquisition, first step was devoted to select the information of 
interest. This was done thanks to image segmentation tools which formed the first step for 
turning the 3D matrix into a 2D image containing the heated weld (see Figure 4). In order to 
properly represent the bead weld, the scanning speed and the instantaneous field of view were 
considered for image reconstruction. In this manner, distorted images due to improper 
reconstruction were avoided. 

 

Figure 4. Thermogram reconstruction process 

Typical weld surface marks, due to their different surface properties, result in different 
absorption coefficients within the source wavelength. This will directly imply an 
heterogeneous surface heating that will result into high “noise” level, as it can be observed in 
Figure 5. An interesting approach for overcoming the problems arisen in noisy environments 
is to assess relative temperature increments instead of absolute values. In this work, the pre-
heating condition of the samples (in order to assess absorptivity variations or surface 
roughness effects) and the optical line temperature increment were considered. For that 
purpose, the unheated sample was scanned and the heat supply was added to this recording 
(the increment was assessed as the temperature rise over a non-defected area).  

Final operation consisted of subtracting this theoretical temperature increment from the 
acquired thermal sequence, enhancing in this manner those areas that exceeded the assessed 
profile.  

 
Figure 5. Real optical line heating profile vs. Ideal one 

Once the scanned area has been reconstructed, the obtained digital image can be processed 
with traditional image processing techniques such as: smoothing operations for noise removal 
(median, Gaussian filters…), gradient operations for edge detection (Sobel, Canny…) or 
morphological filtering for objects recognition (thresholding, Hough transform…). This 
processing will allow to improve image contrast that will simplify the IR radiation peaks 
detection. 
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Although spatial processing techniques are a fast way for indications detection in IRT, the 
appearance of false positives is a common problem due to remaining surface roughness and/or 
sample contamination (grease,…) influence. Therefore, apart from static traditional image 
processing algorithms, some other advanced techniques for data processing must be studied. 
Main temporal data processing techniques applicable to IRT can be divided into frequency 
and time domain algorithms. 

3.2 Frequency domain Analysis 

These algorithms are based in the transformation of signals from time domain to the 
frequency. 

a) Pulsed Phase Thermography (PPT) 

In PPT, temperature evolution along time is transformed into frequency domain through one 
dimensional Discrete Fourier Transform (DFT) as illustrated in Figure 6. 
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Figure 6. Discrete Fourier Transform of a thermogram sequence 

The phase angle (defined as θ=tan-1(Imn/ Ren)) is of particular interest in this kind of 
applications due to its low sensitivity to external conditions such as emissivity variations, 
reflections, heterogeneous heat…It needs to be remarked that these aspects are of great 
concern when dealing with thermograms processing [7], and therefore phase information 
turns out to be a suitable tool for defect detection.  

It is worth noting that depth information may be also obtained from PPT by analyzing 
different frequencies [8]. 

b) Wavelet Transformation 

The wavelet transform can be used in a similar way as the classical Fourier transform. 
However, it has the advantage of preserving time information of the signal (unlike Fourier 
transform where time information is lost) which can then be correlated to assess in a better 
way defect depth.  

The continuous wavelet transform is given by the following expression:  
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where x(t) is the signal to be analyzed, ψ* is the basic function and finally ζ and s are 
translation and scale factors respectively. 

 
  



3.3 Time domain Analysis 

One of the most popular algorithms in this domain is the one known as Thermographic Signal 
Reconstruction (TSR) 

a) Thermographic Signal Reconstruction 

In TSR, temperature decays are analyzed based on the assumption that a non-defected part 
should follow the next expression given by a 1D heat transfer general solution:  
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Since the above expression is an approximation, each pixel evolution is fitted to a logarithmic 
polynomial as follows:  

ln�(	 � ao � a1ln�!	 � :2 ln�!	^2…. (5) 

In this manner, a non-defective area will show a linear behavior in a logarithmic scale 
whereas defected areas will differ from that linear evolution.  

One of the main advantages of using TSR is that the amount of data to be processed is 
reduced considerably by the use of fitted polynomial coefficients instead of the whole 
thermogram sequence. In addition, analytical operations may be performed avoiding noisy 
results when performing derivatives with raw data, as in the case of cooling rate assessment. It 
has to be noted that variations in the material point cooling rate (first and second derivatives) 
are ascribed to thermal diffusivity differences, generally due to the presence of discontinuities 
and their lower thermal conductivity (air acts as a thermal insulator). 

 
4.  Results and conclusions 
In order to perform the inspection of the samples under study it is important to remind that 
defect detection through resulting temperature amplitudes in the reconstructed thermal image 
(section 3.1) is simple but not reliable due to "false positives" appearances as a result of 
surface irregularities or dirtiness. Temporal processing, i.e. Thermal diffusivity based 
techniques, on the other hand, may overcome this situation since thermal properties are 
analysed instead of optical ones (such as areas with higher absorption). This is especially 
relevant in the case of the welds. In this section, an example is illustrated to prove these 
concepts.  

When the area to be inspected is a polished surface such as the pattern shown in Figure 3 b), 
defects are clearly revealed as peaks in temperature amplitude due to their higher light 
absorption leading to high signal to noise ratio and easily detectable defects through image 
processing techniques as show in Figure 7 and Figure 8. This was achieved thanks to the 
procedure defined in section 3.1. 



 
Figure 7. Relative temperature increments revealing five defects aligned in a polished surface 

 
 

 
Figure 8. Defect detection and sizing (maximum dimension) in the polished surface showing high signal to 

noise ratio 
 

Following the same procedure as in the previous case, results for a weld with similar defects 
(similar dimensions and aligned) are illustrated in Figure 3 a). It may be observed in Figure 9 
that apart from the mentioned defects, high amount of peak temperatures appear. As 
previously mentioned, this is due to the surface irregularities, dirtiness... 
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Figure 9. Welding thermogram after processing revealing five aligned defects and peak temperatures 

corresponding to “False positives” 

So as to solve this situation, the analysis of the cooling sequence was found to be very useful . 
A fourth order logarithmic polynomial was fitted and all the cooling sequences were 
compared in order to distinguish between defects and false positives. For that purpose, a 
"sane" area was chosen as a reference area and its behaviour was subtracted from those 
detected as "indications". Results are shown in the following graphs (Figure 10 and Figure 11) 
where defects were depicted as red lines while “false positives” were marked with green lines. 
Differences in their behaviour are clearly observed, especially in the case of defects, which 
show poorer cooling capacity and a slight increase in temperature during the process, as it can 
be observed in Figure 10. This effect is observed due to the fact that cracks act as thermal 
barriers and tend to accumulate heat obstructing heat flux through the sample.  

 
Figure 10. Defects (red line/open marks) and false positives (green line/close marks) different behaviour 

during the cooling sequence 



A more clear representation occurs when curves integral or cumulative values are illustrated, 
as it can be seen in Figure 11. In this case, even though false positive peak temperature may 
exceed defect temperature value, in the cumulative representation a crossing effect occurs 
leading to considerably higher values at the end of the cooling process for the defects with 
respect to non-defective areas.  

 
Figure 11. Cumulative representation of the cooling sequence for defects (red line/open marks) and false 

positives (green line/close marks)  
 

One of the current main barriers for replacing traditional surface breaking inspection 
techniques for IRT is the robustness of the inspection, that can be affected by different factors 
such as surface roughness variations, reflections or dirtiness. It has been shown how signal 
processing techniques represent the biggest tool for IRT to become a real alternative. But 
computational cost of advanced techniques such as time or frequency domains processing 
algorithms is still too big for its application in the full reconstructed image in real industrial 
applications. Therefore, a combination of traditional image processing (spatial) techniques 
with those advanced techniques (time/frequency) applied only to indications will reduce 
computational cost and therefore make IRT a real alternative to traditional inspection 
methods. 
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