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ABSTRACT

Infrared thermography or thermal imaging is a very
convenient, versatile and non contact method which
has been used for many types of physical asset such
as electronic component, buildings surveys, and
mechanical components and equipments. Infrared
thermography was first used for military application
but nowadays this technology is used in machine
condition monitoring such as fault detection,
identification as well as for fault diagnose .This paper
presents a survey on different thermal imaging
techniques for fault detection and diagnose based on
the object temperature.
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1. NOMENCLATURE

Q¢ Radiated heat by object

A Surface Area (m?)

c Stefan- Boltzmann constant  (5,67-10°
W/m?/k?)

é Emissivity (0, 1)

T, Surface temperature (K)

Tre Reflected temperature (K)

Pg  Histogram probability
N  Total no. of gray scale Level in an image |

M No. of pixels in an image
I Input image

S Skew

E Energy

= Entropy

Gy Standard Deviation
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2. INTERDUCTION

Condition monitoring of mechanical machinery or
any component of a machine has become challenging
and important task for the identification of different
machine condition which can effect productivity,
quality and cost for the industry. The maintenance of
critical assets in industries has significant impact to
each industry. Among the excellent condition

monitoring tools, infrared thermograph (IRT) has a
variety of practical applications in industry,
construction, police, rescue operations, border patrol,
human and veterinary medicine, animal husbandry,
biology, and ecology.IRT allows for inspection of
mechanical machinery for thermal pattern on pump,
motors, bearings, fans, pulleys and other rotating
machinery [1][2]. To ensure that a continuous power
supply which are input to the electrical component,
the reliability of electrical power equipment must be
checked regularly for normal operation of machine or
any component of a machine. Abnormality in any
part of the electrical equipment will occur when their
internal temperatures exceed their limits which can
lead to the failure of a certain machine or element.

Infrared thermography is a non-contact and non-
intrusive temperature measuring technique with an
advantage of no alteration in the surface temperature
and capable of displaying real time temperature
distribution. Any object that has a temperature above
absolute zero (-273°C) emits infrared radiation.

Radiation that is emitted by any object does not need
the presence of a medium. Heat-transfer process are
mainly focused on thermal radiation, which is a type
of radiation emitted by the bodies due to their
temperature; it represents the difference between the
amount of energy absorbed and transmitted by the
body. Stefan- Boltzmann’s law gives the heat transfer
through radiation. The equation is as follows:
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Where

Q¢ = Radiated heat by object

A = Surface (md)

c = Stefan- Boltzmann’s constant
(5,67-10° W/m%/k*)

é = Emissivity (0, 95)

T, = Surface temperature (K)

Ten = Reflected temperature (K)

For thermal image analysis, special equipment is
used which is known as Thermal Camera. A thermal
camera detects infrared radiation emitted from
objects that have temperature above absolute zero or
-273°C. An infrared camera detects infrared energy
emitted from object, converts it to temperature, and
displays image of temperature distribution. The use
of thermal imaging or infrared thermography has
become an important tool in preventive and
predictive maintenance [3][4].

3. IRTHERMOGRAPHY FOR MACHINERY

IR device can detect the thermal abnormality of
machine when there is any rapidly overheating
component on machinery. The total radiation that
goes through the optics of infrared camera (Figurel)
[5] consists of the emitted radiation from the object
itself and the reflected radiation from the
surroundings. And that’s why we need to set up the
right emissivity and reflected apparent temperature,
other air related parameters for temperature reading.

Transmission of reflected radiation
\ Tl Wy
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Emitt

A
Target Radiat?on i Transtission emitted raciation [R Camera

Figurel. Schematics of the total radiation go through
the IR camera
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4. THERMAL IMAGE ANALYSIS
Image Histogram and Image Filtering:

Histograms are widely used in the first step of
thermal image processing. An image is assumed to be
a rectangular matrix of discretised data (pixels) pix
[p, q], where p=0, 1... P, g=0, 1...Q. Each pixel takes
value from the range i €< 0, N(g)+1 >. We will use
N(g) as total number of gray level available range
from 0 to 256 for image but for thermograph
signature which is comparable with maximum and
minimum temperature as may be mentioned 0° K to
maximum value of temperature. The histogram
describes the frequency of existence of pixels of the
same intensity in whole image or in the region of
interest (ROI).For an image |, the first-order
histogram probability P(g) can be expressed as:

N(g)

P(g)= 5

Where M is the number of pixel in the image | and
N(g) is the number of gray level g. Histogram gives
global information on the image. By converting
histogram we can obtain some very useful image
improvement, such as contrast enhancement
[61[7][8]. Figure2 [5] and figure3 shows the image of
an induction motor and its corresponding histogram.
For thermal image the gray scale level of an image
depends on temperature and that gray scale level
always varies with temperature.

<} Figure 2
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Figure2.Thermal image of an induction motor
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Figure3. Corresponding Histogram of Fig2

One of the methods for contrast enhancement and
proper edge filtering is based on statistical
differencing, where each pixel value is scaled by the
standard deviation calculated in its neighborhood, as
below:

G(i,))= EU.])
S(Lj)

Where: F(i,j,), S(i,j,) denote the original pixel value
and standard deviation, respectively. Figure 4 shows
the value of pixels of center point based on the
standard deviation. The standard deviation equation
is given by:

-1
— P "
o, =,12.(8-8) P(g)
g=0
Image is first converted into gray scale and then

standard deviation is calculated. The value of
standard deviation is 34.2.
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) thermal

Thermal image capture by R camera

IR Camra Image Standard Desiation of center paint

Select IR Source Calculate Standard Deviation of pixels

Figured. Standard Deviation of image center point

The standard deviation, which is also known as the
square root of the variance, tells us something about
the contrast. It describes the spread in the data, so a
high contrast image will have a high temperature
distribution over image. Using this we can be able to
classify various of machine conditions thermal
images. The higher standard deviation causes the
lower pixel value. It means that the part of the image
with low color or luminance variation will be
enhanced, and more image details are visible.

5. WAWELET TRANSFORMATION OF
IMAGE

Wavelet transform is actually used in many domains,
such as telecommunication and signal processing e.g.
for compression. In image processing it can be
employed to get new features, representing both
global and  detail information.  Wavelet
transformation is based on image filtering
represented by rows and columns using low and high
pass linear filters (Figure 5).
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Figureb. Discrete Wavelet Transformation of a signal

After filtering, the decimation is used to reduce
number of pixels.

6. FEATURE BASED DIAGNOSIS WITH
THERMAL IMAGES:

The traditional condition monitoring and fault
diagnosis is composed with data acquisition, data
pre-processing, data analysis and decision making
(Figure6)[5]. Important features contain in the signal
can be extracted for machine condition monitoring
and fault diagnosis. The feature based expert system
is usually data acquisition, data pre-processing,
feature extraction, feature selection and classification
in very similar form of human version diagnosis

N
4 Mol 1{ N Fawe || P { Feature
&-‘Machlms‘y acquisiton | | preprocssing | "representaton| *| - extraction selection
\"Q\_/‘J
I
Classifier ‘
Machine Conditions

Figure6. Flow chart of feature based fault diagnosis
system

Some of the statistical features from the image
histogram can be obtain such as:
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Standard deviation tells us about the contrast
of the Image. The standard deviation
equation is given by:

L1

o, =.[2.(g—8)P(g)

2=0

The mean is the average value which gives
some information about general intensity (or
brightness) of the image. Mean can be
defined as follows:

f(r.c)

L—1
E=2pPgy=2, >
=0 r C

Skewness measures the asymmetry about
the mean in the gray level distribution. The
skew S measures the asymmetry about the
mean in the gray level distribution. It is
defined as:

| —
S=— 2 (e—8)P(g)
Ty g =0

The energy for an image describes how the
gray level in an image is distributed. The
range of energy for an image can range from
[0,1]. Energy can be defined as:

r—1

E =2 [P(g)T
g=0
The entropy E; is a measure that tells us how
many bits are need to code the image data.
As the pixel values in the image are
distributed among more gray levels, the
entropy will increases.

e |

E, => P(g)log,[P(g)]

g=0

The kurtosis K is just the ratio of the fourth
central moment and the square of the
variance.

= (e —mean)?

E=F, 5

= o
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7. IMAGE CLASSIFICATION AND MACHINE
CONDITION DIAGNOSIS METHODS

Acrtificial Neural Network (ANN) can be used for
classification. The selected image features has been
used as inputs. It means that the number of inputs
nodes is equal to number of the considered features.
Number of neuron in the first hidden layer can be
equal or lower than the number of features in the
classification, as shown in Figure 7. ANN can have
user-defined next hidden layers which allow
additional nonlinear processing of the input features.
As ANN is the nonlinear system, such technique
allows additional decor relating and data reduction,
what finally improves the classification. Such
approach is known as Nonlinear Discriminant
Analysis (NDA) [8][9][10].

W Yz

Figure7. Neural network example with input, single
hidden and output layers

8. CONCLUSION

In this work infrared thermography (IRT) technique
for machine condition monitoring and different
thermal image processing techniques are discussed.
Histogram features based on statistical of image were
employed as a proper feature for thermal image data
and based on these statistical data thermal image are
analyzed.

REFERENCES

1. Carosena Meola, Giovanni & M Carlomaggo.
Recent advance in the use of infrared
thermography, Measurement  Science and
Technology, 15, R27-R58 (2004).

53

10.

Ali Md. Younus , Achmad Widodo , Bo-Suk
Yang. Image histogram feature based thermal
image retrieval to pattern recognition of
machine condition, Proceedings of the 4th
World Congress on Engineering  Asset
Management Athens, Greece 28 - 30 September
2009 .

R. Epperly, G. Heberlein, and L. Eads. A tool
for reliability and safety: predict and prevent
equipment failures with thermography,
Petroleum and Chemical Industry Conference,
1997. Record of Conference Papers. The
Institute of Electrical and Electronics Engineers
Incorporated Industry Applications Society 44th
Annual, 1997, pp. 59-68.

Mohd Shawal Jadin, Shahid Kabir, Soib Taib.

Thermal  Imaging for  Qualitative-based
Measurements of Thermal Anomalies in
Electrical  Components,  978-1-4577-0069-

9/11/$26.00 ©2011 IEEE .

Gang-Min Lim, Younus Ali and Bo-Suk Yang.
The Fault Diagnosis and Monitoring of
Rotating Machines by Thermography, DOI:
10.1007/978-0-85729-493-7_43, Springer-
Verlag London Limited 2011.

P. Cichy. Texture analysis of digital images —
doctoral thesis, Technical University of Lodz,
Institute of Electronics, Lodz, 2000, in Polish.

B. Wiecek, S. Zwolenik. Thermal wave method
— limits and potentialities of active
thermography in biology and medicine, 2nd
Joint EMBS-BMES Conference, 24" Annual
International  Conference of the IEEE
Engineering in Medicine and Biology Society,
BMESEMS 2002, Huston, 23-26 Oct. 2002.

B. Wiecek. Review on thermal image
processing  for  passive and  active
thermography, Proceedings of the 2005 IEEE
Engineering in Medicine and Biology 27th
Annual Conference Shanghai, China, September
1-4, 2005

P. Debiec, M. Strzelecki, A. Materka.
Evaluation oftexture Generation Methods
Based on CNN and GMRF Image Texture
Models, Proc. of Int. Conf. on Signalsand
Electronic Systems, 17-20 October 2000, Ustron,
pp. 187-192.

M. Kociolek, A. Materka, M. Strzelecki, P.
Szczypinski. Discrete Wavelet Transform-
Derived Features for Digital Image Texture
Analysis™ Proc. International Conference on
Signals Electronic Systems ICSES.



