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Abstract
Active thermography makes use of defect originated thermal 
contrast provided by stimulated test object surface for detection 
of anomalies. The weak and noise embedded thermal contrast 
obtained in this detection methodology demands various activation 
and processing approaches for extraction of fine subsurface details. 
Among variety of available stimulation approaches Frequency 
Modulated Thermal Wave Imaging (FMTWI) proved its depth 
resolution capability along with phase and pulse compression 
processing approaches. These conventional approaches improves 
signal to noise ratio and enhances defect detection capability. 
Present contribution introduces a novel Radom projections 
based processing approaches for FMTWI, which enhances 
detectability. 
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I. Introduction
In recent decades thermal radiation based infrared imaging has 
been emerging as a reliable, non- contact, quick and wide area 
inspection method. Since many solids to be evaluated are thermally 
conductive, Infrared Non-Destructive Testing (IRNDT) is evolved 
as a versatile testing procedure having potential for defect 
detection in a variety of materials such as composites, metals 
and semiconductors. It finds numerous applications in the area of 
aeronautics, mechanical, electrical and electronic industries. Due 
to its ease in implementation, it has gained wide acceptance in 
non-destructive testing and evaluation. Various methods have been 
developed to improve with the intent of finer detail extraction and 
to widen the use of IRNDT. It can be broadly classified into active 
and passive approaches. The present work mainly concentrates on 
the active approach using non stationary modulated stimulation 
i.e Chirp [1], which simultaneously probes the entire thickness of 
the object in a single experimentation cycle. This heat stimulus 
imposes a suitable band of frequencies over the test object and 
subsequent temperature history of the object is captured using 
an infrared camera. But this acquired thermal history possesses 
subsurface details embedded in noise. In order to enhance the 
detectability of subsurface details to minimize noise [2-3] and to 
improve Signal to Noise Ratio (SNR), a variety of signal processing 
methods can be applied over thermal profiles. Among them phase 
based analysis and pulse compression methodology used for these 
stimulation have been popular. But the noise components will be 
minimized but not b eliminated.  
Any method which separate noise from thermal data provide 
finer subsurface details than these state of art methods. This 
contribution introduces feature separation method like Principal 
component analysis used for separating noise, non-uniform 
radiation and thermal contrast as various features and facilitates 
better detection.

II. Signal Processing Methods
This thermal response is extracted using infrared camera and 
further processed using various process as narrated in the following 
section. Processing is carried by considering the temporal data of 
each pixel from captured thermograms as the thermal profile of 
corresponding pixel and processed individually. In this process, 
initially the thermal response corresponding to the steady part 
of the excitation is removed from each thermal profile with the 
help of a suitable fitting method [3-6]. In the next step, processing 
techniques can be employed over these mean removed thermal 
profiles.

A. Phase Analysis
This is a frequency domain method of analysis in which FFT 
has been applied over thermal profiles of each pixel and phase 
values corresponding to each frequency component is obtained. 
Further phasegrams were constructed from the phase value at a 
particular frequency component of all the pixels arranged in their 
respective locations. Phase contrast in these phasegrams can be 
used to visualize the defects. As the frequency of the phasegram 
is equal to the corresponding frequency of the samples in their 
respective phase profiles obtained from Fast Fourier Transform 
estimations, given by 
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Fs  = Sampling frequency or capturing rate.
N  = Total number of the samples in the thermal profile.
n   = Number of the phasegram.
Phase analysis decomposes the detail into various frequency 
components, which can possess the noise content at the specified 
frequency embedded with the detail. This decomposed noise 
influences the detectability to certain extent and contributes for 
a variance proportional to noise content of the signal [7] in addition 
to Fresnel’s ripples in the spectra of FMTWI. 
In order to avoid this noise, it is separated as a feature from the 
thermal data and thermal contrast is enhanced by incorporating 
feature separation methods.
But Captured thermograms possess various thermal features 
like thermal contrast, non-uniform radiation and thermal noise. 
Separation of these features still enhances detectability of 
subsurface anomalies from thermal contrast component [7], which 
can be separated by random projection based  analysis.

V. Random Projection Technique
Ever first in infrared imaging applications, this contribution 
introduces a multivariate random projection technique, which 
reduces the dimensions of the given data into a data independent 
lower dimensional near orthogonal subspace. It is an alternative 
to the principal component analysis, in which the dimensionality 
reduction is done efficiently through QR decomposition. In order to 
get RPT components the original data matrix B is random projected 
[9] and  decomposed into ortho normalized basis function ‘Q’ 
and an upper triangular matrix ‘R’. The noise in given data is 
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removed by upper triangular matrix ‘R’ the variation in the data 
set is captured by the matrix ‘Q.’ 
The RPT reduce the high dimensional matrix A with ‘m x n’ 
where m < n, to a lower dimensional matrix Q with ‘m x m’. 
In order to apply RPT captured thermogram data (3D data) into 
2D data similar to that was done in PCA. i.e B= (A – A mean). 
Further ‘QR’ decomposition employed on mean removal matrix 
‘B,’ which produces two matrices i.e Orthonormalize basis matrix 
Q and Upper triangular matrix R and finally RPT images were 
reconstructed from 2D RPT matrix.

III. Results and Discussion
In order to validate the detectability of the proposed method, 
experimentation has been carried over a Carbon Fiber Reinforced 
Plastic (CFRP) sample with embedded back holes as shown in fig. 
1(a), using a chirped stimulation of 1KW for 100s with frequencies 
swept from 0.01 to 0.1Hz. Captured thermal history is processed 
using Phase, and Random projection analyses as shown in fig. 1(b) 
and (c). Fig. 1(c), random projection image exhibited enhanced 
detectability of the deeper and smaller defects, suggests it to be 
a promising method for phase imaging with FMTWI.

   (a)

   (b)

 
   (c)

Fig. 1(a): Back View and Side View of Experimental CFRP Sample 
(b). Phase Image at 0.05Hz (c). RPT Image

IV. Conclusion
A novel random projection transformation approach employed 
on FMTWI out performed conventional phase and principle 
component analysis methods has been identified. 
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