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Abstract 
Non-destructive testing is a valuable technique which allows material and structure inspection. 
Many different NDT techniques have been successfully used over the past years while infrared 
thermography is just starting to gain popularity. Many reasons explain the attraction of IR 
thermography in the NDT community such as high inspection rate capabilities, the non-contact 
nature of the technique and the ability to inspect wide areas. Infrared thermography used in NDT 
relies on the principle that it is possible to detect thermal surface anomalies revealing sub surface 
defects. This paper presents the analysis of defects in composite structures as well as the analysis 
of core functionality in silicon processor performed with two high end IR cameras: the Telops 
FAST-IR and the Telops HD-IR. The use of IR thermography in these two inspection scenarios 
led to many types of defect detections but also to accurate defect quantification.  A few photos 
will be presented to visualize both phenomena’s which are not visible to the naked eye. 
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1. Introduction: 

Thermal infrared imaging is nowadays widely used for non-destructive testing (NDT). 
NDT is used in industry as a routine method to prevent failure of components that can 
result in hazard or economic loss. Thermography is of interest since it provides non- 
contact, fast inspection rates, wide areas of detection and security. This technique is 
based on the fact that all objects over 0K emit infrared radiation also known as heat 
radiation. It is possible, under consideration such as calibration, to convert radiometric 
value into temperature value, which is easier to interpret. The blackbody is the reference 
of the thermal emission of solids and at thermal equilibrium; the spectral radiance is 
defined by Planck’s Law. For a blackbody, all incident IR radiation is absorbed which 
implies that it is all re-emitted according to Kirchhoff’s law. Other real objects may 
undergo reflection or transmission so that their absorbance is limited, which means that 
only a part of the energy will be radiated from the surface. The concept of emissivity is 
thus used to represent the radiation of the surface compared to the one of a blackbody and 
it depends on the wavelength and the temperature. Surfaces with low emissivity behave 
like a mirror and it is thus difficult to assess a radiative measurement method. However, 
it is not always necessary to have such accuracy for NDT measurement, which provides 
lots of flexibility.  

Thermography is a very attractive technique for NDT and this article aims to show that 
various industries could use such a technique to insure a good quality product. In this 
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paper, infrared imaging has been used to detect water ingress in aircraft rudder. 
Composite materials tend to be more important in the design of aerospace structure. This 
is mainly due to the fact that they combine lightweight, low cost and high strength.  
However, liquid ingression is known to induce damages. Although there are some 
damages which are quite easy to detect with a visual inspection, others remained 
unchecked and result in damage growth. Infrared thermography is a powerful tool for 
non-destructive testing (NDT) in case of water ingress since it allows to monitor directly 
a change of temperature, which could be observed just after aircraft landing due to the 
cold water inside the composites.  

Although such technique is attractive for bigger components, it can also concern pieces of 
smaller dimension such as electronic devices. The computer industry has grown in the 
last decades and needs proper tools to improve efficiency. Silicon based material are very 
common for the semiconductor industry, since electronic devices may operate at 
sufficiently high temperatures. In addition, silicon provides a stable passivation layer 
(SiO2) and is much more affordable, considering it is the second most abundant element 
on Earth. Besides these advantages, industries require a very high level of purity for 
silicon; otherwise electronic performance could be affected. The growth of silicon 
required to form a homogenous surface without major defects.  Otherwise, current leak or 
self-heating due to structural defects could occur in such material and thus increase the 
temperature of devices which may degrade performance and reliability or even bring 
complete failure of the device. In addition to the defect origin localization, assessment of 
the functionality of each processor core and cooling process could be other aspects which 
require NDT measurements. These few examples well represent the reality that electronic 
industries have to work with. In this paper, in addition to the water ingress in aircraft 
rudder, the performances of a silicon processor have also been evaluated in order to 
illustrate the variability of use. Two different models of cameras from the Telops 
collection have been specially selected to encounter the needs of both industries testing.  

2. Experimental setup: 

2.1 Water ingress 

Telops offers the highest definition infrared camera (Telops HD-IR) covering the 
midwave spectral range (3 to 5 µm) which provides sharp and accurate images, avoiding 
measurement error thanks to the precision of the camera. This camera was used in order 
to record water ingression in aircraft composite. Since water ingression may be subtle and 
difficult to observe, the HD camera, composed of a 1280x1024 pixels FPA detector 
allowing a maximum frame rate at full frame of 105 Hz with a typical sensitivity of 20 
mk (Noise Equivalent Temperature Difference NEDT), was the most appropriate. 
Exposure time was set at 4000 µs and the frame rate at 1 Hz and 50 Hz depending the 
sequences. As for all the Telops cameras, the HD-IR benefits from the real time 



radiometric and non-uniformity correction (NUC) features using the blackbody free 
correction method. The Telops permanent calibration is thus maintained over changing 
exposure time, frame size and the temperature of the camera. For this experiment, data 
output was the NUC mode. In case of defect detection, the output format does not matter. 
To evaluate the water ingression in composites, aircraft rudder component was moved 
into an environmental chamber (below 0°C) in order to provide thermal contrast.  

2.2 Silicon processor 

Cameras usually allowed a full frame rate varying between 100-300 Hz. Telops Fast-IR 
camera is one of the most appropriate cameras to probe a situation in which a change of 
temperature occurs very fast. The Fast-IR allows a frame rate up to 1900 Hz at full size 
with a temperature resolution of 25 mK (NEDT) and covers a spectral range between  3 
to 5.4 µm. The camera has a fast 320x256 pixels FPA detector and by using a resolution 
of 192x128 pixels a frame rate of 2000 Hz was obtained. The exposure time was set at 
200 µs. In this case, data output was set in temperature which can provide information 
about the highest temperature reached in the device.  

The advantage of the multi-core processor is that the unit can execute and read 
instructions faster than each independent core.  Such a system has been investigated 
while the multiprocessor was on until it shuts down. So, two main sequences caught our 
attention: the heating and the cooling stage. In order to localize the core, Principal 
Component Thermography (PCT) was done. 

2.2.1 Image processing 

Principal component thermography (PCT) is a signal processing technique that relies on 
the Singular Value Decomposition (SVD). This procedure allows to extract spatial and 
temporal information from a thermographic matrix in a compact manner. The set of 
thermographic data is a 3D matrix representing time and spatial variation and this is why 
the matrix needs to be rearranged in a 2D matrix prior to the SVD as already shown [1]. 
Assuming such an MxN matrix A, the SVD then allows to write: 

 A=USVT (1) 

Where U is an orthogonal matrix, S is a diagonal matrix, and VT is the transpose of an 
orthogonal matrix. Using the matrix configuration in Figure 1, columns of U represent 
the empirical orthogonal functions (OEFs), which describe time variations, while rows of 
VT represent the spatial variation that is known as the principal components (PCs). The 
first OEF is characteristic of the most important variability in a scene while the second 
one will contain the second most important variability, and so on. It gives thus a complete 
description of the information contained in the original data set only by looking to a few 
EOFs. Such a qualitative procedure is usually used to increase defect contrast. 



 

Figure 1. Thermographic data rearrangement to a 3D sequence to 2D matrix to allow the 
application of the SVD [1]. 

3. Results and discussion: 

3.1 Water ingress 

It is possible to observe in Figure 2 that the warming of the frozen aircraft rudder occurs after 
being placed at ambient temperature. The rudder is completely cold before it starts to warm up 
within less than one minute. Some parts of the rudder seem to warm up slowly compared to other 
parts. This is due to the fact that the rudder is not made from the same material. The metallic 
reinforcement at the right as well as the hinges are good examples. At the end of the sequence at 
about more than 816 s, some portions of the rudder remain colder than the whole surface. This 
allows to assume that the areas where the temperature is colder are probably due to water 
ingression inside the rudder. 

 

Figure 2. Aircraft rudder 15 s (left), 50 s (middle) and 816 s (right) after it was placed at ambient 
temperature.  

This example illustrates how NDT is necessary in the aeronautics field because without being 
aware of this problem, water could undergo many repeated freeze cycles due to recurring flights 
and thus provide growth damage. Time seems to be crucial in order to detect water ingression. 
This parameter needs to be taken into account when planning evaluations after landing. Figure 3 
even shows water leaks over the rudder piece due to the condensation of water vapor in the air. 



 

Figure 3. Cold water from condensation over the rudder surface (left) and zoom on the leaks 
(right). 

3.2 Silicon processor 

Two parts of the working silicon processor scene were of interest: the former during the heating 
stage and the latter during the cooling stage.  The heating stage is associated with the current 
applied while the cooling stage corresponds to the shutdown. The heating stage of the silicon 
processor is seen in Figure 4. In order to have a better idea of what happens, image subtractions 
have been made. These images were obtained by subtracting images which contain heated parts 
from the first one, where no current is applied.  From these images we can see that the heated 
core in the left part of the processor undergoes an increase of temperature of about 15 K. The 
temperature values given by images on the top row of Figure 4 are radiometric temperatures and 
do not take into account any emissivity correction. The histograms shown in Figure 5 show that 
the temperature of the silicon processor before applying the current is very uniform around 283 
K. After 7 s, i.e. after applying current, we observe two main distributions of temperature. 
However, after 15.4 s, we notice that the main distribution of temperature even undergoes a shift 
toward higher temperatures due to the overall warming up due to the temperature reached by 
specific cores. 

 

Figure 4. IR images at different time for the heating stage (top) and image subtractions (bottom). 



 

Figure 5. Histograms of the temperature of the silicon processor for different moment during the 
heating stage. 

The same subtraction processing has been made with the cooling stage of the silicon processor 
due to the current off (Figure 6). The image subtraction allows to see the different cores, but it 
was also interesting to see if the PCT would increase the cores contrast. Few EOFs are shown in 
Figure 7 and it actually gives a better definition of the cores.  

 

Figure 6.  IR images at different time for the cooling stage (top) and image subtractions (bottom). 

 

Figure 7. OEFs obtained by a PCT applied on the cooling stage. 

By knowing the exact localization of the different cores, we have plotted the temperature profile 
as a function of time for the heating and the cooling stage and this for different regions of interest 
(ROIs) as Figure 8 illustrates. The ROIs were built using a number of pixels that vary from one to 
the other in order to match the cores region and the means were used. The temperature profile is 
also shown for the substrate (sub) and the background (bkg) for comparison purposes. 



 

 

Figure 8.  ROIs chosen (top) and their temperature profiles as a function of time for the heating 
(bottom left) and cooling stage (bottom right). 

The ROI placed in the background shows that the temperature does not vary as time goes by. Due 
to the good temperature resolution of Telops camera, it is even possible to detect a small change 
of temperature. For example, the ROI representative of the substrate of the multiprocessor shows 
that the temperature tends to increase a little as a function of time; the temperature increase is 
about 1 K. This shows that heating of the cores does not only affect the silicon processor (as 
shown on histogram in Figure 5 but also the complete device. For the heating stage of the cores, 
we notice that the warm up occurred in two steps and they did not reach the same temperature. 
We can also notice that the cores that reach a lower temperature after the first heating step, will 
reach a higher temperature after the second step. These increases of temperature prove the need 
for an appropriated cooling system in electronic devices. Figure 9 also points out that the ROIs 
#1, #5 and #6  undergo a punctual warm up that lasts about 0.02 s before to cool down and finally 
undergo the real two steps warm up to reach their final temperature (297 K  for ROI #1, #6 and 
293 K for ROI #5). To detect such a quick event, the Telops Fast-IR was the most appropriate 
camera. When a 200 Hz camera was mimicked by averaging frames, the time-temperature profile 
did not show as obviously the punctual warm up in the left part of the silicon processor (data not 
shown). Such temperature profile plots can be very useful for manufacturers since it allows to see 
if the specific cores are doing the right thing at the right moment depending on the required task. 

 



 

Figure 9. Zoom of the temperature profiles at the beginning of the heating stage. 

4. Conclusion: 

The Telops HD-IR camera has allowed the detection of water ingress in a rudder piece of an 
aircraft with the highest definition possible as well as the water leaks due to condensation over 
the rudder surface. Telops FAST-IR camera was used to get information on a silicon multi-core 
processor during two stages: heating and cooling. It was possible to observe the increase of 
temperature in particular cores, which affected the temperature of the whole system.  The PCT 
was a valuable technique to increase contrast of cores. Considering that sizes of electronic 
devices are always decreasing, IR cameras would need higher resolution in order to inspect such 
pieces.  Although the Telops HD-IR camera has a lower frame rate than the FAST-IR, such a 
camera could find applications in electronic field as well.  
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