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Abstract 

This article examines the impact of the form of hidden defects on their detection and evaluation using flash and 
lock-in thermography. The influence of the defect shape on information characteristics of quantitative thermography has 
been studied through digital thermal modeling and simulation. The following information characteristics are analyzed and 
compared - amplitude and phase contrast, temperature difference between defect and non-defect area, the moment of 
reaching maximum thermal contrast for different modes of optically active thermography. The results from the model study 
were experimentally verified using specially designed test specimens with artificial defects. The results obtained were 
evaluated, compared and analyzed. 

1. Introduction 

Lock-in and flash thermography have become increasingly popular in recent years as methods not only for 
detecting hidden defects, but also for quantifying them. Most studies have focused on determining some of the geometric 
dimensions of defects - most often the depth at which it is located [1,2]. Determining each of the geometric dimensions of 
the defects is difficult because it is influenced by many other parameters. For example, the area of the defect directly 
influences the information parameters, which is used for depth determination (e.g. phase contrast in lock-in thermography) 
[3]. In recent years, the possibility for 3D sizing of defects has been investigated [4 - 6]. 

The shape of the defect is one of the influencing factors on the information parameters, used by defect 
characterization methods. Unlike the geometric dimensions of the defect (width, length etc.), the shape of the defect is not 
easily characterized by a certain value. This article examines defects of different complex shapes with the same other 
parameters to investigate the effect of shape. 

2. Experimental 

The study was performed both by simulation of three-dimensional models and by real thermographic 
measurement of specially designed experimental specimen. Modeling and simulation study was performed by the widely 
used specialized software for three-dimensional modeling in the field of active thermography ThermoCalc 3D [7]. 

The processing of the results from both simulation and real measurements was performed using an own 
developed software product in the MatLab environment, which implements the most used processing methods in active 
thermography. 

For the simulation studies, three-dimensional models of an experimental specimen containing artificial defects 
with different shapes were created in the ThermoCalc 3D environment. FR4 was selected for the defect-free area material 
and copper for the defect area material. The defect shapes studied are shown in Fig. 1. 

 
Fig. 1. Created model in the ThermoCalc 3D environment 

The simulation study was performed at two modes of active thermography - flash and lock-in thermography at 
different parameters of thermal stimulation - energy and pulse length (flash thermography), lock-in frequency (lock-in 
thermography). Studies were carried out for two different values of the thickness and depth of the defect. 
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Experimental specimens based on the created models have been prepared and experimental measurements 
have been performed to verify the results of the simulation study. 

The following information parameters used to quantify defects are selected as an indicator to evaluate the impact 
of the defect shape: temperature difference between defect and non-defect area (flash thermography) – ΔT; time of 
reaching maximum ΔT (flash thermography) - tmax; amplitude contrast – ΔA; phase contrast (lock-in thermography) - Δφ. 

3. Results 

Fig. 2 and Fig. 3 show the results from the simulation study at flash thermography and lock-in thermography. The 
results show the significant influence of the defect shape on the information parameters used in defect characterization, 
which is a prerequisite for a significant error if the specific defect shape is not taken into account. 

  
 (a) impact of defect shape on ΔT (b) impact of defect shape on tmax 
 

  
 (c) impact of defect shape on ΔA (d) impact of defect shape on Δφ 

Fig. 2. Results from simulation study of the models – flash thermography (a, b) and lock-in thermography(c, d) 
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