
 

 

 

 
ABSTRACT 
The paper shows the concept of Laser Spot Thermography test rig with real 

time data processing. Laser Spot Thermography is a promising method for 

non-destructive testing applications especially, when fully non-contact 

procedure is required. Unfortunately, the procedure as of now is hard to 

apply, due to technical difficulties related with data processing. Laser 

thermography test procedure involves recording of multiple sequences 

(even hundreds), which have to be processed and evaluated as a whole. 

The industry requires quick and precise results, which is hard to achieve with 

the amount of output data from the currently known test procedure.  The 

paper gives a proposal for improving the laser thermography test procedure 

through data parameterization (curve fitting) for infrared sequences. The 

data parameterization allows for reduction of output data size, in particular 

temporary data storage in RAM. The reduction of data size leads to faster 

real time processing.  

 

 
1. LASER THERMOGRAPHY – STATE OF THE ART 
Thermography is a technique that allows for non-contact temperature imaging. Thermography 
is based on the recording of electromagnetic radiation emitted by each body at a temperature 
greater than absolute zero. The amount of radiated energy is non-linearly dependent on the 
bodies’ temperature. This relationship and the knowledge of the object emissivity allows for 
precise temperature assessment of the tested body. Thermography is applied in the fields of 
mechanical and electrical engineering, medicine, civil engineering, material sciences, 
manufacturing and so on. Furthermore, thermography can be used as supplementary method 
for other diagnostic techniques like e.g. ultrasound testing or x-ray. Thermography also 
increasingly supports night vision systems widely used in the police force and military.  

Thermography, in the context of non-destructive testing, can be divided into two groups: 
passive and active. Passive thermography is based on the imaging of objects (e.g. engines, 
gears, electrical equipment) during their normal operation [1-8]. Detection of the damage in 
those objects is based on searching for the presence of unnatural temperature changes. Those 
changes may be the evidence of a malfunction. Active thermography (e.g. laser thermography) 
requires external energy delivered into the tested object [9-11]. During testing, the body is 
thrown out of its thermodynamic equilibrium (present in normal operation) by an addition of 
external energy. The object is observed in the cycle of being forced out of equilibrium to going 
back. The damage detection is performed during this cycle by imaging and analyzing the 
thermal signature of the tested object. Any deviations from the expected trajectory of the 
system behavior may indicate a change in its physical parameters (assuming that the  
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measurement conditions are maintained during testing). The active thermography method, 
therefore, requires prior knowledge of the physical properties of the system - in particular, the 
shape of the expected trajectory defining the tested objects’ behavior due to the introduced 
additional energy. System features such as objects’ isotropy properties allow for a significant 
simplification of the procedure for determining the said trajectory [12-18]. 

Active thermography studies can be divided by the type of excitation. Each type of 
excitation defines the measurement procedure and the type of data processing techniques. 
Figure 1 shows the techniques most commonly used in practice. 
 

 
Fig 1. Active thermography – most commonly used techniques [18] 
 

One of the newer and more interesting techniques using optical excitation is laser 
thermography. In the laser thermography procedure, the energy is delivered into the sample 
via laser beam. The delivered heat produces thermal wave propagating into the tested object. 
Every changes in the material conductivity, introduced e.g. by flaws, change the propagating 
thermal wave path. The thermal wave shape is determined on the basis of dynamically 
changing the examined structure surface temperature. The defect detection is based on the 
interpretation of the thermal wave propagation path. The system of laser spot thermography 
with the measurement procedure is shown on Figure 2.  

The only interaction between laser, IR camera and the tested object is provided by the 
electromagnetic waves. Therefore, in a macroscopic world, laser thermography can be 
recognized as a non-contact technique. Both IR cameras and lasers can be used remotely (e.g. 
mounted on a robot) significantly reducing the human factor. Eliminating the human error 
creates advantage especially in applications where sterile, precise and repeatable conditions 
are necessary. 
 

  



 

 
 

 
Fig 2. Laser thermography – setup and measurement procedure 

 
2. PROBLEM DEFINITION 
The literature [19 - 27] presents many case studies proving laser thermography effectiveness. 
Cracks, delamination, inclusions and porosity of the material can be detected and evaluated in 
an absolute non-contact and non-destructive manner. There are many successful examples of 
testing composites, electronics, 3D printed materials with the use of thermography. 
Unfortunately, most ideas, although initially positively verified, are only viable in the 
laboratory environment, and not in the industry. The reason for that can be found in data 
processing stage of the laser thermography testing process. In ‘classical’ pulse thermography 
with excitation provided by (e.g. halogen) lamps, each recorded sequence is treated as a 
standalone measurement.  The critical part, which is the measurement interpretation, is 
realized by a well-trained technician. In that sense, the thermography procedure is similar to 
the procedures like X-rays or ultrasound testing.  

The specific procedure of the laser spot thermography is based on multiple singular 
measurements, carried out point by point through the whole or interesting part of the sample. 
However, the assessment of the particular sample can be made based on the records performed 
for all measurement points at the same time. The natural solution for this problem would be a 
merger of all recorded samples into one big sequence. Technician could easily interpret 
sequence obtained that way, mainly in the same way as in the ‘classic’ pulse thermography 
systems.  
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Fig 3. Laser thermography – sequence merging and crack detection [28] 
 

Presented method seems to resolve aforementioned problems and allows well-trained 
technician for easy and reliable assessment of laser thermography scans. Unfortunately, this 
approach induces several another issues related with technical requirements for the test rig. In 
the example shown in Figure 3 sequences recorded for five measurement points were 
collected, stored, and processed. The singular sequence of 1s with 640x512 spatial resolution 
and 20 Hz frame rate gives about 144 MB of raw data. That means the scan of a sample, 
merged from five measurement points has about 0.7 GB. Presented example was just a proof 
of concept for laser thermography effectiveness for crack detection. The real-world scenario 
measurement procedure would require about 100 singular measurements for a scan. This 
would bring about 14 GB raw data, which has to be processed in real time considering time 
demand applications.  This requirement is unlikely to fulfill in test case of a PC based test rig. 
Therefore, there is a strong need for developing alternative methods for data processing.   
 
3. THE CONCEPT 
Thermographic testing creates relatively large amount of raw data from the measurement of 
the tested object cooling stage. For a single record that is not a problem, however for multiple 
measurements it becomes an issue. The tested sample needs to be examined point by point to 
create a single scan of the sample. For multiple measurements each point can be represented 
by a sequence of raw data in time. The sequence indirectly holds information on the curve 
shape of the wave propagation through the object during its cooling phase. The conceptual 
proposition is raw data reduction by conversion into a parametric form. In each scan the points 
can be represented by a parameter, which can vary in the whole sequence. Appropriately 
created parametric form would preserve most important features of the thermal wave created 
during the thermographic measurement. At the same time parametric representation will 
significantly reduce the measurement data memory size. 

Figure 4 presents the proposed measurement procedure consisting of several steps. In first 
step the IR sequence is recorded identically as it is performed for laser thermography. At this 
stage the data is not stored on HDD but remains in RAM memory of the camera controller or 
the frame grabber. The next step is the parametric matrix integration, which involves frame 
sizing (according to the region of interest), filtering, background subtraction and all other 
necessary preprocessing methods. During the third step the measurement sequence parametric 
form is created based on an analytical model. At this point data is still in RAM memory close 
to the CPU, therefore all computations can be performed at a very short time. The procedure’s 
output is a set of several parameters describing the dynamic nature of the thermal wave created 
in a single laser thermography measurement. 
 

  



 

 
 

 
Fig 4. Infrared sequence transformation 

 
Figure 5 shows the procedure for creating 3D scans based on subsequent individual 
measurements. The scan contains data for each measured point sequence in time. The 3D scan 
is created in the offline mode after the entire measurement has been carried out. The raw data 
parameterization and composition of the 3D scan offers not only reduction in data size, but 
also data readability and easier post-processing. In this context, the pre-processed 
measurement data can be easily shared online, transferred faster between PC’s or even 
smartphones, and the data simplified form allows for straightforward implementation e.g. of 
a machine learning algorithm or data post-processing visualization. The data size reduction 
has the most impact in historical data storage, which is crucial for quality control applications.  

Figure 6 shows a concept scheme of the laser thermography test system. The test system 
consist of seven modules: Controller (main module), laser, IR (camera), positioner (e.g. robot 
arm), data processing (real time), Graphical User Interface (on PC or smartphone) and Data 
analysis (locally or remotely on a server). The modular structure of the system gives flexibility 
in implementing laser thermography for different case scenarios. 
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Fig 5. 3D scan forming and interpreting 
 

 
Fig 6. Concept of the laser thermography test system 
 
  



 

 
 
4. SUMMARY 
The paper presents a concept of Laser Spot Thermography test rig and a technique for 
measurement data parameterization. The proposed technique allows for online pre-processing 
of recorded data, while forming a 3D scan structure as an output. The 3D scan holds 
information about the sample scans at each measurement point as vectors of several 
parameters. Those vectors store not the measurement raw data, but the data parameter 
according to the analytical model describing the thermal characteristic of a particular tested 
material. The parametrization offers substantial reduction of data memory size in the order of 
several magnitudes. Packaging data in the form of a 3D scan allows for easier data post-
processing (e.g. simple input to a machine learning algorithm, more readable data format), 
faster data transfer due to size reduction, and smaller data storage size requirements (especially 
necessary for quality control over long periods of time). The real test rig built at AGH UST 
Kraków, Poland will be presented in the near future in upcoming publications.  
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