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Fractal mapping of thermograms for defects detection in 
pipe 

 
Thermography monitoring of steady heating by the electrical current and further cooling of the stainless steel pipe with both the 

artificially-made hidden defects on its internal surface and ‘as-fabricated’ defects was carried out using the IR imager Fluke Ti32. 
Fractal mapping approach, based on the numerical triangular prism method, was applied to study an evolution of thermal inhomoge-
neities. It was found, the hidden defects could be localized using the fractal post-processing of thermographic data sets. Filtering of the 
fractal maps and fractal gradients of thermograms provides more accurate segmentation of the thermal inhomogeneities induced by 
the artificial corrosion-like hidden defects on the internal surface from the ‘as-fabricated’ imperfections in the bulk such as rollings, than 
direct filtering of thermograms by temperature values. 
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Introduction 
Integrity of pipelines is of great importance at the nu-

clear power plants (NPPs) because their disrepairs prob-
lems are not only expensive but dangerous and risky for 
the safe operation of NPPs. IR-monitoring is a complemen-
tary method for assessment of degradation of the NPP’s 
piping systems. The advantages of thermal imaging in this 
case are non-distructness, relative easiness of measure-
ments together with acceptable price. Nowadays, IR cam-
eras have good temperature resolution, but thermal images 
are still noisy and with small pixel resolution compared to 
the modern visible-light cameras. So, their information ca-
pacity is poor, and it is hard to observe the mild changes 
in temperature to reveal defective effects, especially in in-
dustrial conditions. 

The main purpose of our research was the develop-
ment and improvement of the IR thermography control 
methods for the NPPs, particularly to monitor the cooling 
water supply systems. In [1], it was noticed, that fractal 
analysis is a perspective technique for increasing the ther-
mograms informativeness. While the pipelines carry the 
hot water from the steam reactor, providing the cold water 
supply, it is possible to observe the temperature deviations 
on the pipes surfaces. Thus, these deviations should be 
simulated to study the heat conductivity processes that en-
ables detection of defects. Such approach provides the use-
ful information about the condition of the pipes walls. As a 
test sample a steel pipe with some defects has been pre-
pared. We tried to understand new opportunities of the 
fractal post-processing employed for the thermographic 

data taken during heating and cooling of the pipe. It is as-
sumed, the fractal properties of thermograms are caused 
by two main factors. First, the physical object under inves-
tigation could be characterized by the fractional dimension 
Dfrac, which affects on the object’s thermal conductivity. 
Second, existing noise along with the hardware-induced 
distortions in thermograms could be fractal-like. The con-
cept of the fractal nature of thermographic data is still am-
biguous, and requires a comprehensive exploration. 

Materials and Techniques 
The stainless steel pipe sample with a thickness of 4 

mm, 80-mm-diameter and 1-m-long was prepared. Its ex-
ternal surface was relatively smooth (but not polished), 
preliminary cleared from paint. A few hidden defects were 
made on its internal surface (Fig. 1) to simulate electro-
chemical corrosion and fluid flow. We made 4 pits of differ-
ent penetration depth in the pipe wall. Typical alternating 
current (220 Volts, 5 A, 50 Hz) was applied to heat the pre-
pared sample during 33 min. Stationary IR monitoring of 
steady heating and cooling processes was carried out using 
the thermographic imager Fluke Ti32 with matrix resolu-
tion of 320x240. The detected peak temperature was 
around 360 K and the initial temperature was 287 K. Ther-
mograms were taken every 30-60 s. 

To reveal the low-resolution changes in heat propaga-
tion, which accompanied the defects, the Dfrac-distribu-
tions of the obtained thermographic data sets were exam-
ined. Dfrac were statistically calculated according to the 
classic Clarke’s triangular prism surface area method 
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(1986) [2], the modified Clarke’s method proposed 
by Qiu in 1999 [3], eight-pixel, max-difference and 
mean-difference methods introduced by Sun in 
2006 [4]. In this work, we used both the step size 
squared as well as the step size in the log-log re-
gression line. The step size increment was varia-
ble: arithmetic, geometric or divisor-step [2-5]. The 
geometric-square frames with variable side length 
were employed over all data sets with the unary 
moving step for calculation of the local Dfrac. It is 
worth noting, that such right squared form of 
frames were employed to minimize possible distor-
tions in the Dfrac-maps. The mentioned numerical 
algorithms as well as supplementary decoding and 
visualization were implemented in Delphi Embar-
cadero XE2 trial. The codes, compiled executive 
files for Win7 and test materials could be found at 
[6]. 

Results 
During heating and cooling some tempera-

ture inhomogeneities were visually found in the 
thermographic data without any additional nu-
merical analysis. The vertical characteristic traces 
of the ‘as-fabricated’ rollings in the pipe’s wall were 
observed distinctly (Fig. 2, 3). Several grooves on 
the initially rough external surface were detected. 
However, no clear hot signs induced by the artifi-
cial defects were noticed, even using the bi-thresh-
old filtering of thermograms.  

The fractal mapping gave more promising re-
sults. Estimations of Dfrac were quite different and 
significantly variable depending on the type of nu-
merical methods throughout the whole time set of 
thermograms. The most suitable approach, which 
provided us good indication of defects, was the 
arithmetic step 4-quadrangles Clarke’s method 
with squared slope and 9-element frame size (Fig. 
4). It enabled distinguishing of the temperature ir-
regularities provoked by the hidden artificial pits, 
however, blurred other imperfections. The main 
useful information lied in the long tail of the 
lognormal-like Dfrac-distribution (Fig. 4, 5), and us-
ing its peaks we separated the hidden defect ther-
mal irregularities. The developed technique dis-
torted inhomogeneities to stretched form, which 
could be influenced by the squared frame shape. 
Dfrac-spectra also became much smoother and 
wider with the increase of the frame size. 

Conclusion 
It was showed, that using the fractal mapping 

may be applied to thermographic data to enhance 
the detection of some irregularities induced by 
slight deviations of thermal conductance in the 
bulk. Post-processing by the triangular prism 
methods helped to localize the contours of the ar-
tificial defects. However, the obtained areas of pits 
merged with thermal signal of the shallow elon-
gated grooves on the external rough surface that 
complicated analysis. 

The fractal dimensions spectra are quite sen-
sitive to the chosen calculation procedure and the 
imager settings. It is unclear why fractal analysis 
with large frames enables separation of the hidden 
pits, contrary to blurring the rollings well-recog-
nized on the thermogram. So, these aspects need 
to be clarified in further studies. 
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Fig. 1. Pipe sample: 1 - external surface for IR monitoring, 2 – 
internal surface with artificial defects

Fig. 2. Thermogram of pipe at maximal temperature

Fig. 3. Logarithmic normalized probability temperature 
distribution of the thermogram shown at Fig.2.
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Fig. 4. Fractal map of the thermogram presented at 
Fig. 2.

Fig. 5. Logarithmic normalized probability 
distribution of Dfrac of the map shown at Fig. 4.

 
Fig. 6. Filtered fractal map with the pointed exact 

geometrical positions of pits.


