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Arc protection is a vital subject in power systems ,due to the potentially drastic damages caused by arc short-circuits. This paper
describes a new method for detection of electric arcs in power systems, based on the digital image processing techniques. Such a
system may be implemented as an embedded systems for power devices , e.g. line protection relayes with integral arc protection.

ILINTROUCTION

An electric arc is formed when current flows from one
electrode to another via an ionized gas. Arc phenomena
has industrial applications , e.g. in arc furnaces and arc
welding, and happens regularly in normal switching
operations. However, an electric arc can cause short
circuit in a power distribution system and can be
dangerous and harmful, when it happens unintentionally
and irregularly. Electric arcs can cause high temperatures
(as high as 20 000 K), and release a vast amount of
energy that can cause harm to personnel ,damage to
equipment, fires, as well as potential financial losses.

In this situations, if arc detected and the current in the
circuit breaked in a short time (35 ms is a typical value),
damage can be limited.

Arc can be detected by analyzing visible light,
acoustic waves, infrared or radio frequency radiation [1]
or even the pressure wave it causes. The most usual
method of arc detection is visible light. The presence of
short-circuit current together with one of the above
indications is usually required before making an arc short-
circuit trip[2]. However, the coverage of this type of
systems is limited, because the number of arc sensors is
limited.

Il. THE VISUAL SYSTEM
The main idea behind the suggested system is that a
visual system can inspect a wide area in a power system
for arc detection. Based on this idea, a digital image
processing system has been designed for this purpose.
Figure 1 shows the block diagram of system. The
imaging system produces successive image frames of

inspection area in digital form. This system acts as a large
array of arc detection sensors. A single camera or an
array of cameras can cover all the inspection area.
Reduced cost and size of CCD cameras makes them a
good choice as imaging device. A preprocessing phase is
required for reduction of imaging system errors such as
lens flare effect and light reflection from surround
environment [3,4]. This unit also combines sub pictures
captured by each camera in camera array to produce a
single large image.

The basic processing unit implements the “logic” of
system. In this unit, successive frames of captured image
compared and any drastic change in illumination of an
area in image detected as an arc. For improvement of
accuracy, if needed, detection made by this unit may be
verified by other protection systems, including temperatu-
re and current sensors.

The basic processing unit forwards information about
detected arc to a post processing unit. In this unit,
information about detected arc location compares with a
predefined map of power system. This map includes all
the needed data about buses, wires and other electrical
devices in power system and their physical locations. This
unit generates proper warning signal to show the
occurrence of arc and its location in power system. If
information about arc detection in a specific place of
power system is wired to the incoming feeder’s over
current relay, the incoming feeder can be tripped when an
arc is detected anywhere in the power system. In addition,
this information can be logged as a file in a digital media,
or transmitted to service personnel by means of WAP
services, Internet, or any other communication system.

604



/////0
Q

PL] r
H Image Frame || Preprocessing 5 ;
+ se [ Unit = Procl:;e;slng m— Prolc;siislng

Basic Post

Camera(s)

Power System

'7_/
///“//0 e
® 13

T

Other Protection Systems

=/

o]
o

////oﬁs
&

=
o

Figure 1

Such a system may replace an array of usual arc
sensors that sense temperature or light rise only in a small
region. Processing in the system can be done by
microcontrollers and whole of the system may be
implemented as an embedded systems for power devices ,
e.g. line protection relayes with integral arc protection..

IHLLRESULTS
The system implemented as a software package.
Figure 2 shows a screen shot of the system at work. For
testing system, an “arc phenomena simulation system”
implemented. This system can produce a simulated arc in
any area of an image. Figure 3 shows twelve successive
frames of an electric arc produced by this system.
Generated image frame set fed to analysis system and
the system detected arc in all tests successfully.
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IV.CONCLUSIONS

Arc protection is a vital subject in power systems ,due
to the potentially drastic damages caused by arc short-
circuits. Usual methods of arc detection (e.g. light and
temperature sensors ) require a vast amount of sensors to
cover a large protection area in a power system. The large
inspection area and flexibility of visual inspection
systems makes them a proper candidate for this purpose.
Based on this idea, a digital image processing system has
been designed and implemented. Experiments in
laboratory show the system effectiveness.

For further work, its operation must be tested in
industrial “real” environments. The system
implementation as an embedded systems for power
devices , e.g. line protection relayes with integral arc

protection, is another area for future work.
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