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Abstract 

We present an algorithm that takes as input an image obtained by flying-spot active thermography, and outputs 
two detection masks: the first one for surface breaking defects - for instance wear cracks – and underlying 
defects close to the surface; the second one for delaminations. 
In a first step, we perform a one-dimensional analysis of lines along the laser’s motion to detect 1D signatures of 
thermal blocking defects. To evaluate defects’ signal/noise ratio, we introduce a global image noise estimation 
that is robust to outliers (defects or acquisition artifacts). In order to discriminate further between real defects 
and image artifacts, we also introduce a symmetry measure. 
This one-dimensional approach may lead to partial detection of noisy objects: in a second step, we reconstruct 
defects in the orthogonal direction, with a controlled tolerance to noise. Finally, each connected component of 
the resulting mask is associated different criteria, among which area, width, signal/noise ratio, or symmetry. It is 
then possible to interactively select defects according to these measures, for instance eliminating false positives 
or keeping only large enough defects. 
The methodology we propose has been implemented and confronted to experts’ annotations, exhibiting good 
performance for different types of defects on samples of different materials. 
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1.  Introduction 

In recent years, active thermography has gained interest as an alternative to other non-
destructive techniques such as liquid penetrant or magnetic particle testing. Most 
thermographic inspections are based on the 'flying spot' [1] method, which consists in heating 
the material with a moving laser source and measuring surface temperature with 
a thermographic camera.  

In this article, we consider thermal images obtained by back and forth scanning, as introduced 
in [2]. The surface of an inspected sample is not always homogeneous, and this strategy 
reduces undesirable effects due to varying optical properties or roughness, while highlighting 
the thermal signatures of cracks [3,4]. 

In this study, we present an image processing algorithm for automatically detecting surface 
breaking cracks as well as underlying ones, provided they are close enough to the surface to 
act as a thermal barrier. A variant of this algorithm can also be used to detect delaminations of 
coated materials. 

In order to discriminate between real defects and noise or possible artifacts, we introduce 
a measure of symmetry as well as a novel global noise estimation, comparable but different to 
what can be found in the literature [5]. 
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2.  One-dimensional Analysis 

2.1.  Signatures of cracks and delaminations 
In the following, we will consider two types of thermal blocking defects: cracks (Fig. 1) and 
delaminations (Fig. 2). Throughout the rest of this study, we will assume that on our images, 
the scan is made in the horizontal direction, with the forward scan from left to right, and the 
back scan from right to left. With this convention, cracks appear on the images as a light zone 
immediately left to a dark one, while delaminations appear as dark zones followed by light 
ones, possibly with a flat gray zone in between. 

Figure 1. Top image: thermic image of a sample presenting an open crack, bottom image: profile of the green line. 

Figure 2. Delamination (top) and 1D profile of the green line (bottom) 
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Physically, this is due to the fact that some zones are hotter during the forward pass than 
during the backward pass, and reciprocally; however, this information is not readily available 
on the raw image, since all values are nonnegative. Moreover, due to thermal inertia, the 
sample does not cool down immediately after the first scan, which can lead to an undesirable 
low-frequency component, as can be seen in Fig.1: the leftmost part of the image has a gray 
value around 200, while the gray-value in the rightmost part of the image is around 50. 
Given the scanning velocity and temporal resolution of the acquisition, it is possible to 
estimate the peak-to-peak distance of cracks, in pixels, denoted size_cracks in the following. 
We use a median filter of size 4size_cracks+1 as our estimation of the low-frequency 
component to be removed, and subtract it to the raw profile. The median filter is ill-defined on 
the first and last 2size_cracks points, which are discarded.  The resulting image and 
corresponding profile are shown in Fig. 3. 
In the case of delamination detection, we use a median filter as well, but its size is given by 
the maximum expected size of a delamination in the image; that is, the algorithm requires 
a parameter maximum_delamination_size, which is used as the size of the median filter.  
In both cases, the detrended profile now has both negative and nonnegative values, that we 
can interpret as regions where the sample was hotter during the back scan, and regions where 
it was hotter during the forth scan, respectively. 

Fig. 3. Filtered image and corresponding profile. 

2.2.  Noise Estimation 
The relevant information is contained in local maxima and minima of the detrended signal: 
more precisely, from a detrended signal f, we extract the positions and values of the maxima 
on each connected component of the support of max(f,0) and of the minima on each connected 
component of the support of min(f,0). These will be referred to as the relevant extrema; there 
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can be several local maxima for a given connected component of the support of max(f,0), but 
only the highest one is informative. 
Let X be the set of all values of these relevant maxima and minima on all (detrended) vertical 
profiles of a given thermal image. X contains many small values corresponding to noise, and 
possibly some, larger, values corresponding either to defects or to optical artifacts. 
Our idea is to use as our global noise estimator the standard deviation of the noise's 
amplitude. If the set X contains too many or too large 'signal' (due to defects) or artifact 
values, the standard deviation of X is not a good approximation of the standard deviation of 
the noise alone. In order to obtain a sensible noise estimation, we first get rid of possible 
outliers in X, as described below: 

ITERATIVE 3σ THRESHOLDING 

Given the set X, we compute 𝜎𝜎𝜎𝜎 = �∑ 𝑥𝑥𝑥𝑥2𝑥𝑥𝑥𝑥∈𝑋𝑋𝑋𝑋 and keep only those elements in X whose absolute 
value is less than 3σ, and iterate this process until convergence. 
After convergence is reached, σ is a reasonable estimation of the amplitude of positive noise, 
while -σ is a reasonable estimation of the amplitude of negative noise: we define 2σ as our 
global noise estimation. 

2.3.  Crack detection in 1D 
On the detrended profile, cracks should appear as a large positive peak immediately followed 
by a large negative one. A natural idea at this point would be to have a model of an ideal 
crack, and compute the correlation between the signal and this model. However, this model 
would necessarily consist in a large positive peak followed by a large negative one, and the 
correlation would take large values where the signal is either an isolated positive peak or an 
isolated negative one, neither of which is a realistic 1D signature of a crack. 
Instead, in a first step, we consider as a potential crack signature every 'large enough' couple 
consisting in a relevant maximum followed by a relevant minimum (with no other relevant 
extremum in between). 
In addition to the parameter size_cracks, our algorithm takes as input a parameter R, which is 
the minimum signal/noise ratio of cracks to be detected. 
For each detrended horizontal profile, if a relevant maximum at position x1 with value M is 
immediately followed by a relevant minimum at position x2 with value m, and M-m ≥ 2σR, we 
add the segment between x1 and x2 to our crack detection mask. 

2.4.  Delamination detection in 1D 
Delaminations appear as a relevant minimum followed by a relevant maximum, but unlike 
cracks, it is possible that there are other relevant extrema in between (see the profile of Fig. 
2). 
For every line, for every couple { (x1, m) ; (x2, M) } of relevant minimum/maximum with           
M-m ≥ 2σR and x2 – x1 ≤ maximum_delamination_size, we add the segment between x1 and x2 
to the delamination detection mask. 
Unlike cracks, there might be other relevant extrema between  x1 and  x2; in particular, 
theoretically, there could be a relevant minimum coupled to a relevant maximum at x'2 > x2, 
such that the whole segment between  x1 and x'2  is annotated, although  x'2 – x1 > 
maximum_delamination_size. However, even though this is not forbidden from a mathematical 
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point of view, this is unlikely to happen if the parameter R is well chosen; moreover, the 
symmetry criterion defined below is a powerful discriminative tool as well. 

2.5.  Defect symmetry 
For cracks as well as for delaminations, a defect is characterized by a minimum m<0 and 
a maximum M>0. In both cases, we define the symmetry of the defect as the ratio between the 
smaller and the greater (in absolute value); more precisely: 

𝑆𝑆𝑆𝑆 =
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚(−𝑚𝑚𝑚𝑚,𝑀𝑀𝑀𝑀)
𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑥𝑥𝑥𝑥(−𝑚𝑚𝑚𝑚,𝑀𝑀𝑀𝑀) 

In order to better discriminate real defects from potential artifacts, a criterion 
minimal_symmetry  (between 0 and 1) can be specified as input to both detection algorithms; 
in practice, it should not be set too high for crack detection (see for instance Fig. 3), but 
setting a small, non-zero value can prevent false positives in the case of delamination 
detection (see Fig. 2). 

3.  Crack Detection Mask Completion 
On noisy images, 1D analysis is not always sufficient to recover a crack in its entirety, as 
some profiles may exhibit an insufficient SNR, although the defect as a whole is clearly 
visible, as can be seen on Fig. 4. 

Fig. 4. First detection mask: the crack is only partially recovered (The specified minimum SNR was R=3.4). 

To overcome this problem, we relax the condition  M-m ≥ 2σR for candidate 
maximum/minimum couples next to annotated cracks if their amplitude is similar enough to 
the annotated crack's amplitude: more precisely, if a crack of amplitude M-m = A is annotated 
in line i between positions x1 and x2, we consider the top and bottom lines i-1 and i+1 
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between columns x1-a and x2+a, where a is a small parameter allowing for a horizontal shift 
in the signal we are looking for (typically a=1 or 2 pixels). 
If line i-1 (respectively line i+1) contains a maximum M' at position x'1 immediately followed 
by a minimum m' at position x'2, and M'–m' ≥ λA, we add line i-1 (resp. i+1) between x'1 and 
x'2 to our crack detection mask. The parameter 𝜆𝜆𝜆𝜆 ∈ [0,1] is a tolerance parameter controlling 
how similar candidate defects should be to their neighbors in order to be added to the 
detection mask. In all our tests, we used λ=0.9, with satisfying results. 
This process is iterated until convergence, which can lead to some candidate couples being 
annotated even though their amplitude is below the threshold 2σR. To prevent false detections 
and erroneous reconstructions between close but separated defects, we add the constraint that 
for each connected component in the obtained mask, the median SNR (the median value of all 
line SNRs) must be at least R, which is the minimum SNR demanded by the user. 
If a minimum symmetry is specified, in the same way, we can ensure that the median 
symmetry is at least the one specified by the user. 
The final crack detection mask obtained, after completion, with the same parameters, can be 
seen in Fig. 5; the crack is now correctly detected as one connected component. The same 
strategy could be used for delaminations, but in practical cases, it has been found unnecessary. 

Fig. 5. Final crack detection mask. 

4.  Post-processing 
In addition to the detection mask, to each defect are assigned various features, such as 
mean/median SNR, mean/median symmetry, perimeter, area, height, width (in pixels). Each 
of these features can be used in order to further discriminate between defects and artifacts, or 
simply between defects of interest to the user and defects small enough to be considered 
harmless. 
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In more realistic cases, symmetry has been found to be an interesting criterion in order to 
discriminate between cracks and artifacts due to the sample's geometry. In Fig. 5, it is obvious 
that by retaining only large enough defects (in terms of area), one would get only the crack. 
This kind of user-drived post-processing is all the more interesting as it can be done in real 
time: the algorithms described above in order to get a crack or delamination detection mask 
can take up to 2 or 3 minutes for 1000x1000 pixel images, but the post-processing can be 
done interactively. 

5.  Conclusion 
In this work, we present a simple, yet efficient way of segmenting both cracks and 
delaminations (in the case of coated materials) in thermal images. Both algorithms require 
few parameters, easy to tune for the end user; furthermore, the obtained detection mask can be 
interactively refined in real time. 
A precise, mathematical, global noise estimation is defined, as well as a measure of 
symmetry, in one dimension but easily extended to two-dimensional defects by taking either 
median or mean of the 1D features. 
The proposed strategy has been tested on real data, with good results. In particular, it has been 
experimentally shown to yield close to no false negatives; in sensitive industrial frameworks, 
this is a preferrable behavior, especially since false positives can be interactively filtered out 
in a post-processing step. 
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