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Abstract:Detecting and evaluating hidden corrosion remains a challenging task in many vital industrial 
areas. Infrared thermography (IRT) is a remote and fast diagnostic tool. Thanks to the rapid development of 
electronic devices and the new construction of equipment, thermography has become more popular. There are 
new applications for this technology for corrosion recognition in engineering and the army. An approach of IRT 
technique is discussed that eliminates the need for prior knowledge of a corrosion free area to allow automatic 
identification of corrosion areas from thermograms. This technique can be utilized in both static and active 
nondestructive (NDE) IRT modes. The paper presents the comparison of the results obtained by experimental 
measurements 
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Introduction
Corrosion is one major factor 

that defines the maintenance cost 
high and is cause for premature fail-
ures. Determining early signs of cor-
rosion and corrosion-assisted dam-
age is essential to corrosion preven-
tion, life prediction and helps cut 
down major repairs and catastrophic 
losses. The corrosion is a wide prob-
lem that has been rapidly spreading 
due to the increased amount of infra-
structure and military assets that are 
aging. Even in the case of newer sys-
tems and components, corrosion can 
be a significant problem because of 
the harsh operational environments 
encountered. Recognition of the se-
verity and the economic impact of 

the corrosion problem by various in-
dustries have led to significant effort to 
prevent and control corrosion. Nonde-
structive evaluation (NDE) plays an 
important role in this effort by enabling 
the detection of early signs of corrosion 
so that corrective action can be taken 
before the damage becomes severe. 

Hidden corrosion is a type of elec-
trochemical material degradation that is 
not readily detectable visually or by 
any other surface measurement tech-
nique [1]. It can often be detected and 
quantified in terms of reduction of wall 
thickness or structural discontinuities 
such as pits, flaws and voids. When 
attempting to detect material degrada-
tion due to electrochemical processes, 
the corrosion products (for example, 
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Abstract: The general frame of the BG-ROM MARINEGEOHAZARDS Project is considered. The Project 
is about set-up and implementation of the key core components of a regional early-warning system for marine 
geohazards of risk to the Romanian-Bulgarian Black Sea costal area The main focus is on the data and informa-
tion about the investigations related to the creation of the marine geo hazards early warning system. The target 
topics are on the earthquakes, landslides, tsunamis, floods and similar natural hazards. Maps and schemas 
about the main hazards have been created for the Bulgaria-Romania cross border area – both in marine and 
coastal environment. The typology and quantification of the hazards and their dangerous elements support the 
key core elements selection and the infrastructure of the early warning system targeted to the population and 
society safety.  

Keywords: Marine geohazards, early warning system, Black Sea

Bringing together the expertise 
of the two countries – Bulgaria and 
Romania, the MARINEGEOHAZ-
ARD project aims for the establish-
ment of a joint regional early-warning 
system and of a common decision 
tool, which can support in an efficient 
manner the emergency managers and 
decision makers in their activity re-
lated to protection of the local com-
munities, environment and assets 
within the cross-border area, from 
consequences of natural marine geo-
hazards. This is a pilot project and 
first attempt in this area and brings all 
risks of such innovative approach. 

Project Coordinator: National In-
stitute of Marine Geology and 
Geoecology – GeoEcoMar (Romania) 

Partners: Geological Institute 
Bulgarian Academy of Sciences (GI-
BAS); Institute of Oceanology – 

Varna (IO BAS); National Institute of 
Research and Development for Earth 
Physics (Romania) 

General objective: Implementa-
tion of an integrated early-warning 
system accompanied by a common 
decision-support tool, and enhance-
ment of regional technical capability, 
for the adequate detection, assess-
ment, forecasting and rapid notifica-
tion of natural marine geohazards of 
risk to the Ro-Bg Black Sea cross-
border area. The future intention in-
cludes as well as integration with the 
local authorities to provide warning 
issues.

Specific objectives [8]: 
 Define and implement a uni-

fied and integrated approach to as-
sessment of marine geohazards of risk 
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iron oxides, aluminum oxides, etc.) 
must be identified. 

Nondestructive evaluation 
(NDE) of corrosion is typically con-
ducted by applying enhanced vis-
ual/optical techniques, as well as us-
ing ultrasonic, eddy current, radio-
graphic and thermographic inspec-
tion. There are two main application 
areas for NDE methods: detection of 
corrosion damage and detection of 
hidden corrosion. 

Infrared thermography (IRT) is 
based on the principle that a good 
mechanical bond between two 
materials is also a good thermal 
bond. The temperature distribution 
on a component can be measured 
optically by the radiation that it 
produces at infrared wavelengths. 
Several techniques have been 
developed that use this temperature 
information to characterize the 
thermal – and therefore the structural 
- properties of the sample being 
tested.

The corrosion thermal detection 
theory is based on solving a 
differential equation of transient heat 
conduction in solids. In general case 
of small-size defects, this equation 
should be three-dimensional (3D) 
that typically requires using 
numerical methods. 

Recovering the desired 
corrosion data is a mathematical 
inversion problem. Depending on the 
energy source used, the 
characteristics of materials and the 
corrosion hidden in structural 
systems, an exact solution of the 
inversion problem may not be 

feasible. Therefore, data analysis and 
information processing, such as the use 
of neural networks, wavelet analysis, 
target segmentation, fuzzy logic, 
statistical analysis , etc. have become 
key enablers in developing NDE 
techniques for hidden corrosion. 

Corrosion may appear in various 
forms (galvanic, crevice, intergranular 
and erosion corrosion, pitting, hydro-
gen induced environmental and stress 
corrosion cracking) depending on the 
alloy, product form, corrodent, general 
conditions and residual stress [4]. This 
complicates the metrics of corrosion 
and therefore also complicates the 
quantification of detection reliability. 

In this study, we summarize prin-
ciple features and results of using IRT 
in corrosion detection, in different ar-
eas.

IRT inspection modes 
Based on how the thermogram is 

produced, there are two types of IRT: 
active and passive thermography. In 
active thermography, an external heat 
source is applied when capturing ther-
mogram. In a normal condition, the 
temperature gradient between the de-
fective and nondefective (sound) area 
is undistinguishable. Immediately after 
applying the heat source, the infrared 
thermal camera can record the differ-
ence between these two areas. In pas-
sive thermography, no external heat 
source is applied when capturing the 
thermogram since the temperature dif-
ference between defective and sound 
area is so obvious already. Figure 1 
shows configuration for these two 
modes of IRT. 
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Fig.1. IRT modes: a) and b) active; c) 
 passive thermography 

Heat deposition can be done by 
a pulse (e.g. flash lamps) or by 
modulation (e.g. halogen lamps, la-
ser) or by step stress (e.g. infrared or 
quartz lamps). The simplest way of 
evaluation is to record a temperature 
image sequence after heating and to 
evaluate the image sequences. 

Corrosion is detected and rec-
ognized by analyzing spatial–
temporal phenomena which occur in 
corroded sites subject to stimulated 
heating. The heat flux delivered onto 
a sample surface by an external or 
internal source propagates in-depth 
and goes through specific distur-
bances in corroded areas. Peculiari-
ties of such detection technique were 

discussed in [5, 6] from the point of 
view of non-destructive testing (NDT). 
Very few studies were devoted to ana-
lyzing relationship between different 
types of corrosion and corresponding 
surface temperature patterns [7]. 

Data analysis 
Traditional image analysis rou-

tines are not suitable for processing the 
acquired thermal images or thermo-
grams, because of the heating non-
uniformities, which could be a result of 
the high tolerances in corrosion depth, 
profile and geometry. All of this cre-
ates non-uniform thermal maps. To 
provide a complete automated detec-
tion package, image processing soft-
ware (ENVI software was used in the 
project) is required to isolate the cor-
roded areas from their surroundings. 

The relative material loss (i.e. the 
ratio between the residual thickness in 
the corroded spot and the thickness of 
the defect-free area) is a function of the 
temperatures over the defect (corrosive 
area) and the non-defect (sound) area. 

The goal is to study the deviation 
in the logarithmic temperature time 
history slope. This technique is based 
on comparing the behavior of a defec-
tive pixel with kernel (21x21) pixels 
surrounding [7]. To maximize the ac-
curacy of defect detection, the size of 
the local neighborhood should be se-
lected such that it will be larger than 
the defect and sizes sought and assure a 
stable temperature across the region, 
but small enough to be contained 
within the smallest area of non-
uniformity. The principle of this tech-
nique is to divide the thermogram im-
age into small local neighborhoods to 
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serve as the non-defective behavior 
required for the thermal contrast 
computation. The contrast will be 
computed through the following 
equation:
(1) tTtjiTtjiC

ksk ,,,,

where Tk (i,j,t) is the temperature of 
the k-th pixel at i, j coordinates and 
time t , Tsk(t) is the average tempera-
ture of the neighborhood surround-
ing the pixel (i, j) at time t . 

In contrast to [7] in the work 
was also used the median of the sur-
rounding neighborhood temperatures 
rather than the average. 

The size of the local neighbor-
hood should be selected such that it 
will be larger than the corrosive and 
sizes sought and assure a stable tem-
perature across the region, but small 
enough to be contained within the 
smallest area of non-uniformity (its 
definition dependant on the applica-
tion at hand). A relative thresholding 
step follows, where each pixel in the 
thermal image is compared against 
the median of its surrounding 
neighborhood; if it passes the crite-
rion in (1), its value is boosted with 
multiples of the difference from the 
median otherwise its value is set to 
zero.
(2)

ksmk ATT

where Tk is the temperature of cen-
tral pixel, Tm is the kernel median 
temperature, A is a scaling factor de-
pendant on the signal to noise ratio 
of the thermogram, and sk is the 
standard deviation of pixels in the 
local neighborhood surrounding. 

The result of the procedure is 
shown in fig. 2.

Fig.2 Computed contrast 

Applying a thersholding step ac-
cording to equation (2) criterion the 
result on fig.3 shows the effectiveness 
of such approach in isolating the fea-
tures of interest from the rest. A profile 
of intensity values is drawn on fig.4 to 
show the contrast obtained with this 
technique.

Fig. 3. Thresholded thermogram. 

Fig.4. Intensity profile 
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On fig.5 are shown the original 
thermogram and processed image of 
hidden corrosion on metallic pipe. 

Fig.5. The original thermogram –a) and 
corresponding processed thermogram-b) 
of a sample wit corrosion in the form of 

pinhole
To quantify the code perform-

ance, the next criterion can be used: 

(3)
fr

mr
nn
nn

r

where, n is the number of defects 
and the subscripts r ,m , f refer to 
real defects (from corrosion), missed 
defects and false positives found in 
the processed image. 

This criterion to the processed 
images results in average of r = 95 
%. Applying the criterion for a sin-
gle image with limited number of 
defectives is considered highly con-
servative, and so any r > 80% indi-
cates effective processing. 

A computer algorithm using 
ENVI software was prepared to per-
form the infrared thermographic 
procedures for the sequence of ther-
mograms obtained from the devel-
oped computation scheme. 

The thermographic data can be 
represented as a thickness map for 
the area under inspection. This map 
represents all of the data in single 

image. The depth in every one pixel is 
given by: 
(4) jitjipCjid q ,,, maxmax

where d(i, j) is the depth at location (i,
j) , p and q are constants determined 
experimentally (dependant on the ma-
terial under inspection), tmax (i, j) is the 
time at position (i, j) taken from the 
timegram matrix, Cmax (i, j) is the con-
trast value at (i, j) from the contrast 
matrix.

The result of the NDT IRT proce-
dure is shown on fig. 6, which shows 
corrosion areas in the middle of the 
tested metallic sample. 

Fig.6 Reconstructed thickness map
of a metallic sample 

Equipment and application of 
IR corrosion inspection 

During the experimental studies 
an infrared camera model FLIR Ther-
maCam SC640, completed with a set 
of lenses, SDK, PC, ENVI and Ther-
maCam Researcher software were 
used. For active NDT IRT experiments 
were used Flash. Quartz and halogen 
sets of lamps with different power. 

The corrosion degree estimation 
may be performed by using one of the 
inverse methods [8]. The simplest algo-
rithm connects the relative material 
loss and the instantaneous contrast 
through the equation: 

(4)
,,1

,,
jiC

jiC
L
L
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where C(i, j, ) is the contrast of a 
stationary condition. 

The time interval during which 
the temperature response at the ma-
terial surface is observed is most 
frequently expressed nondimension-
ally, i.e. using the Fourier number: 
(5) 20

L
F

where  – thermal diffusivity of the 
material, (m2/s),  - time interval, (s), 
and L – thickness of the plate, (m). 

For large defects the heat trans-
port may be reduced to a one-
dimensional problem. The optimal 
inspection time is in the range Fo 
0,6 ÷ 2,0, and equation (4) is rec-
ommended. The characterization of 
smaller defects of complex shape is 
recommended in the interval Fo 
0,3 ÷ 0,6 [8]. 

An experimental procedure of 
corrosion detection involves identi-
fying a suspicious area by the opera-
tor, then placing a reference point 
and, finally, estimating corrosion by 
equation (8). 

Inspection of corrosion in alu-
minum aircraft panels and above-
ground steel tanks are the two main 
areas of application of active IR 
thermography. Depending on the 
used IR camera’s lenses it can be 
covered areas from a sample from 
about 10 cm2 to 100 m2. A typical 
flash duration between 3 and 10 ms 
enables an accepted time resolution 
even in the inspection of thin alumi-
num. The inspection of steel samples 
of up to 15 mm thickness is not a 
problem. But thick steel samples re-
quire a large amount of absorbed 

energy that is hard to realize with 
available flash tubes. 

Therefore, in this case, flash tubes 
should be replaced with quartz bulbs 
which allow smooth controlling of both 
power and pulse duration.

The demand for miniaturization, 
multiplicity of materials used, etc. has 
opened up serious corrosion problems 
in consumer electronics [9]. It is a sec-
tor where passive IRT could be suc-
cessfully used for hidden corrosion de-
tection.

Conclusions
A statistical detection limit can be 

of about few percent by material loss. 
In case of steel structures of 5-15 mm 
thickness, a heating pulse should be 
optimized by energy and pulse duration 
to ensure a reasonable temperature ele-
vation. A detection limit in this case is 
estimated as about 20 % by material 
loss with the detection limit being put 
by stimulation energy. 

A quality approach to thermal 
non-destructive testing necessarily re-
quests a close collaboration of experi-
ment and numerical analysis in order to 
detect and determine all the relevant 
defect parameters. 

A real detection limit is put by 
surface noise (rust, dust, paint, scratch 
etc.). Even on black painted surfaces, 
the minimum noise is about 2 % and 
the detection limit is ~2 %. If a typical 
signal-to-noise ratio is about 3, the 
practical corrosion detection limit is 
about 5-6 % by material loss. 
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