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Abstract 

In this work, the Virtual Wave Concept is applied for a 3D reconstruction of the internal structure using the measured 
surface temperature. Thermal waves are generated with a heat source, transmitted into the solid and received by a 
measurement with an IR camera. Because of traversing and interacting with the specimen, the thermal wave carries 
information about the inner structure. The thermal waves are converted by a local transformation into virtual waves. The 
propagation of the virtual waves obeys the wave equation, whereby the information of the inner structure can be extracted 
with ultrasonic image reconstruction methods to create 3D images.  

1. Introduction 

The objective of this work was the development of an imaging method, which enables the three-dimensional (3D) 
reconstruction of the internal structure of damaged materials and components with thermal NDT techniques. 
Thermographic imaging using an Infrared (IR)-camera for signal detection has a big advantage compared to ultrasonic 
imaging using acoustic transducers: it does not need any coupling media and a parallel detection of many camera pixels 
is possible (more than 1 million!). The main disadvantage of pulsed thermography is the degrading spatial resolution with 
increasing depth. This is the reason why often only 1D thermographic reconstruction is performed, which can be applied 
for layered structures, where the lateral extension is big compared to their depth. 

2. Method 

A new method in the field of thermographic imaging is the Virtual Wave Concept (VWC), which allows an 
employment of image reconstruction methods from ultrasonic imaging for thermographic signals [1]. Due to this new 
approach all known reconstruction methods of ultrasonic testing, e.g. time reversal and F-SAFT [2], are accessible 
immediately for thermographic imaging. Before using these imaging methods for a Thermo-Tomography, a virtual signal 
has to be calculated by applying a local transformation to the temporal temperature evolution measured on a sample 
surface. The following equation connects the temperature signal T with the virtual wave signal Tvirt for the same position 
vector r but different time scales t and t’: 

 
Herein, α is the thermal diffusivity of the specimen and c the virtual speed of sound. It can be discretized to produce a 
matrix equation T = K Tvirt , where T and Tvirt are the vectors of the measured temperature signal and of the virtual wave 
signal. The equation can be inverted only with appropriate regularization, as the matrix K shows a deficiency in rank. 
Regularization methods are used to get the reconstructed virtual wave field from the measured thermographic signal. The 
introduced transformation can be used for every specimen shape in 2D or 3D. 

3. Results 

To apply the VWC even for the industry, fundamental enhancements were carried out. Eq. 1 is valid only for short 
pulses and internal heat sources. We have expanded the applications for the VWC also for testing opaque materials 
external optical-excitation. Similar to laser ultrasonics only half of the value of the virtual speed of sound is taken because 
the virtual wave has to travel from the surface to the internal structure, where it is reflected or scattered, and back to the 
surface again. As the kernel K is based on a linear system it is also possible to convolve this kernel with any temporal form 
of excitation. In Fig. 1 the  principle of Thermo-Tomography using VWC is shown. The 3D thermographic reconstruction is 
produced from multiple projectional thermal images. The picture shows an experimental set-up for the 3D reconstruction 
of embedded steel spheres, which were heated up by electromagnetic induction. The IR camera measures the surface 
temperature on three different detector planes. In Fig. 2 the Thermo-Tomography is shown for the reconstruction of four 
embedded steel spheres. By acquiring the temperature data on more than one surface, the resolution and quality of 
thermographic reconstructions can be enhanced.  
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Fig. 1: Principle of Thermo-Tomography applying VWC: The 3D thermographic reconstruction is produced from multiple 

projectional thermal images. The photo shows an experimental set-up for the 3D reconstruction of embedded steel 
spheres which were heated up by electromagnetic induction. The IR camera measures the surface temperature on the 

three different detector planes. 

 

 
Fig. 2: Application of the VWC for the 3D reconstruction of the embedded steel spheres (see Fig.1). By acquiring the 

temperature data on more than one surface, the resolution and quality of thermographic reconstructions can be 
enhanced. 
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