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ABSTRACT

Major defects indistribution cubiclescreate hot spo$
which can be detected by infrad camerasPreventive
maintenance teams use irdirad images for finding defects
in distribution cubicles, becauskesedefects can lead to
electricity distribution interruption, fire accident and
damage of othepart of cubicle Infra-red imageanalysis
whichis calledThermovisionis one of the main branches
of machinevision Although thermovision has been being
used for finding defects in electrical components, related
infrared images are inspectexhly by empiricalmethods
and few researchers who work on infied image
processing have not used control chartstfis purpose.
Variety of components and configuratiptack of training
data, high serial dependency and complex behaviour of
thermal conductivity are cll@nging matter which should
be overomewhen a proper method is developed. Image
monitoring which was used in current researéh pased

on finding change in imagdsy spatial control charts.
Spatial control chart is aspecialcontrol chart whichis
usedfor finding abnormality in imageln this research
combination of spatial control chart and robust regression
was used for defect detection in infrared images and its
ability for this purpose was evaluated

INTRODUCTION

Deteriorated or loose connectioimaproperlyinstalled or
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machire or artificial neural network neadfficienttraining
data but thee is not enougthermograndfor trainingthese
models Therefore developng amethodwhich needsnly
data of eaclimagefor analysing is necessary

Alborz province power distribution egpany have started a
pilot project for cubicles preventive maintenance
prioritization. This papeintroducecthe statistical method
developed and used in the pilot project for finding defects in
infra-red image of electrical componemdthoughit is not
possible t@nterthe detats of the statistical theories which
have been used in this research in four page paper, we tried
to explain the fundamental concept of image monitoring.

STATISTICAL PROCESS CONTROL AND
SPATIAL CONTROL CHAR T

Statistical processontrol (SPC) is mapproachof quality
control which uses statistictbols like control charts for
process variabilitynonitoring AlthoughSPCis focusedn
industrialapplication this approach haassisted humerous
researchers monitoiing nonindustial data

Control chars are statistical toas which are used to
distinguish betweervariation produced bynsignificant
randomcausesind assignable caus€®ntrol chartpresent

a graphic display of process stabiliBasic control chart,
which is caled Shewhart control chart, consists of points
representing statistic,pper and lower control limitand
center line. When statistic points are between upper and
lower limits, the process is assumed under control, but if
points exceed control linsithe piocess is out of control. In
Shewhart control charthe state of process control depends
only on the last measurement of processmiformly

mismatched components, short circuits, overloads and load Weightedmoving averagecontrol chartor simply moving

imbalance are main sources of hot spotglistribution
cubicles which can interrupt energy delivery to customers,
increase the risk of fire accident anthuse other
componets damageTherefore,maintaining the proper
condition of cubicles isvery important for distribution
companiesThere are thousands of distribution cubicles in
provincial network and it is not possible to overhaul all of
them immediately.Preventive mainenance teams find
defects in cubicledy infra-red camerasind repair them
according to defects severity and other priorities. Although

average control chaiis an extension of basic control char
usinghdmost recent measuremesinstead of only last one.
EWMA (exponentially weighted moving average) control
chart is another useful control chart which its statistic is
exponentially weighted average of all prior data, including
the most recent mearement. By selecting proper weight
factor, which is called lambdBWMA control chart can be
sensitive to gradual drift in processlathematicaland
practical texts about control chast can be foundin
Montgomery [1] and Oakland [2] books

Infra-red cameras have been being used for inspection and!/Mage monitoing, monitoring image by control chartsgs

finding defects in electrical components, quality control
tools have not been widely used for entingempirical
methods. Consequently, theverityestimatiorlevel of hot
spots depergbn thermographer personal perception which
maynot be reproducible

Traditional image processing tools like support vector
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een used in increasing number of applicati@hsMany
application of image monitoring is base on spatial control
chart. Spatiatontrol chart is a special control chart which
its horizontal axis representpasition in the image. Spatial
control chart has window moving across the image and
uses statistical data of relevant part of imagerfonitoring
variationin the imag¢q 3].
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A few researchers applied spatial control charts for The lastthree characteristiofdistribution cubicle increase
monitoring image dataliang et alused EWMA control the diversity of thermograriThereforethere isnot enough
charts for detect the type, size and location of the defects in yata for training modeland it is necessary to develop

LCD monitors f]. Lu and Tsai applied machine vision and . - .
spatial xbar chart for detecting defects in LCD panéls [ _methods depe‘f“?"”g o_nIy on statlstlcgl data of .each image
instead of traditional image processing tools like support

Finally, Lin and Chiudeveloped a methofibr detecing . . .
lighting variation defects in LCD monitobs Hotelling T2 vector machine (SVM) or artificial neural network which

control char{6]. Image monitoring is not confined to LCD ~ need a lot of traing data.

defect detection. For examplBundak et al Pbotodof 8w Gantple distribution cubicles and their
monitoring weaving density angblain weave defect thermogram have been displayed in figures 1 to 4.
detection in the direiin of thefabriclength [7]. Majority

of other researchers like Colosim8] [used norspatial
control chart foimage monitoring.

Basiccontrol charconstruction is based on independence
betweenindividual data pointsbut when data are taken in
order there is a risk of serial dependence or autocorrelation.
Basiccontrol charts are vulnerable to autocorrelation and if
autocorrelated data are plotted on standard control charts,
there is usually a tendency for false ala@h [There are
someremedialmetlodssuch as autoregressive models and
EWMA control charffor reducingfalse alarnrate which is
related to autocorrelation.

Iiigure 1: Phofo of cubicle 1
INFRARED IMAGE PROCC ESSING

Only few researchers have worked on defect detection by
infra-red image processingo the best of ouknowledge,

the research oAlmeida, who used Nereuzzy to find
defects in high voltage lightning surge arresters thermogram
[9], is the only similar study

Thermograms of distribution cubicles posgessattributes
which should be ovearne in image pragssing:

I. Distribution cubicle components have been connected to
each other with copper bars and wires. Copper is very good
heat conductor so the heat produced in hot spots is Figure 2: Thermogram of cubicle 1
transferred to other zones of cubicle by the thermal
conductivity and radiatian

Il. Heat increases electrical resistance which itself
intensifies heat of components. Therefeerjous hot spots

can exaggerate the severity of adjacent hot spot

Ill. Thermal isolating materials in cubicle like glass and
plastic may cover hot component

IV. Heat equatiomlescribing the distribution of temperature

in a given region ovetime is partial differential equatian

The solution of this equation is complex, evéth simple
boundary condition.

V. There are many regional maximums in 3D imagfefdov

of them are real hot spots that represent real defects.

V1. Different equipments have beerstalledin cubicles
depending omstallationtime and manufacturers decision.

In addition, Outdated or damaged components are replaced
with new componentwith different shapand size

VII. Some obstacles like adjacent trees, cars and municipal
utilities prevent maintenance crew from taking thermal
photos of cubicles in predefined distance and view angle.
VIIl. Operators who are responsible for takingrtfegrams

omit unnecessary part of cubicles. Therefore, position of
suspected damaged components in thermogram depends on
o p er gperaeptiend

Figure 3: Photo of cubicle 2

Figure 4: Thermogram of cubicle 2
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