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Abstract — Smart grid is the term used to describe the
next generation power grid in which the management of
electricity distribution is enhanced by advanced two-way
communications, so that it monitors, protects, and takes
decisions automatically to optimize the operation of its
interconnected elements. The smart grid is made possible by
combining two-way communications and persistent
computing capabilities, to enhance control, efficiency,
reliability, and safety. Using two-way digital technologies, a
smart grid can transport electricity between suppliers and
consumers. Such technology allows consumers to save
energy, reduce cost and increase their smart appliances’
efficiency, reliability and transparency. Software Defined
Radio (SDR) is a promising technology, it can support the
smart grid so that it can provide control, protection and
automatic optimization to operate its interconnected
elements effectively and efficiently. This paper proposes the
use of Software Defined Radio (SDR) for Partial Discharge
(PD) detection and localization at the user end in the smart
grid.

Keywords — Software Defined Radio, RTL-SDR dongles,
Received Signal Strength, Partial Discharge.

I. INTRODUCTION

Smart grid technology ranges from traditional central
generators and/or emerging renewal  distributed
generators, which connects the transmission network and
distribution system to industrial consumers and domestic
users with their home equipment, electric vehicles, and
intelligent appliances [1]. Bi-directional connection of
electricity and information flows characterizes a smart
grid. The information flows establish an automatic and
widely distributed delivery network. Through these, the
benefits of real-time information enable the near-
instantaneous balancing/management of supply and
demand. [2].

The present electric power delivery infrastructure cannot
provide such advantages effectively. The smart grid
consists of large-scale and small-scale distributed
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generation which is connected by a high voltage network
of transmission lines. As it is well known, the flow of
power in the traditional power system (distribution) is
principally in one direction.
In the smart grid, the direction of power flow may be in
either direction. The smart grid does not depend only on
the support of large central-station generation but
incorporates significant electric energy storage and
distributed energy generation.
Today’s households are already host to industrial and
smart home appliances, which could make expenses on
energy consumption rise. Consumers nonetheless, can be
advised to adjust with their energy usage in order to cut
back on costs, such as using renewable energy and avoid
consuming energy on peak hours. Conventional carbon
fuel-based power plants work together with developing
distributed renewable energy resources such as wind and
the solar. Renewable resources reduce the consumption of
carbon fuel and subsequent emission of greenhouse gases.
An essential component of the smart grid is an accessible
and wuniversal communication infrastructure. The
improvement in performance, reliability, security and
economy that a smart grid enjoys over a conventional grid
relies on and derives from its communication
infrastructure. The electricity is distributed in the smart
grid between generators and end users. The generators
refer to distributed generation sources, while the end users
are the industrial, commercial and residential consumers.
The distribution is made possible through bi-directional
information flow, which will control the consumer smart
appliances and allow them to reduce energy consumption
[4].

II. PROBLEM STATEMENT

The smart grid communication infrastructure can be
supported by several technologies, e.g. WiMAX, power
line carrier, traditional twisted-copper phone line,
microwave radio relay, satellite, cellular, fiber optic cable,
as well as short range technologies such as Wi-Fi, ZigBee
and Wireless HART. Smart grid communication
technologies can be grouped into five areas, namely:
advanced components, sensing and measurement,
improved interfaces and decision support, standards and
groups, and integrated communications. In order to add
intelligence to the current power system, a smarter asset
monitoring  infrastructure is required. = Wireless
technologies have made it possible to monitor, measure,
and detect changes in physical phenomena in electric



power systems and also in all parts of the smart grid. One
important such phenomenon is partial discharge (PD).
The term PD refers to an electrical discharge that only
partially bridges the insulation between conductors.
Discharge can be of various types including internal,
external or surface discharge.

PD activity in a cable depends upon applied voltage,
dielectric constant of material and size of the void. These
are considered as the factors affecting partial discharge in
significant transformer components and distribution
systems [4]. In general, partial discharge detection and
efficient monitoring can play a significant role in the
ongoing maintenance of a high-voltage plant and power
generation system. Because of the increased regulatory
and operational requirements and the large capital value
of equipment, the need for an efficient condition
monitoring system has become an inevitable need so as to
avoid power equipment failure, and optimal assurance for
equipment uptime, reliability and quality services [5-10].
In order to ensure optimal power generation and its
reliability, the assurance of efficient functioning of the
comprising components is required. The efficient
detection and monitoring of partial discharge can be of
great significance in power generation and transmission
systems.

Fig. 1. Examples of PD activity in HV power system. [

Figure 1 shows an example of PD activity in electrical
power plants and Figure 2 shows the PD activity and
when the protection should be activated.
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Fig. 2. PD activity and protective action.

PD in electrical systems indicates the presence of foreign
material inside the insulation. This foreign material may
be a gas filling a void in a solid or liquid dielectric
insulator. When two materials with different permittivity
(or dielectric constant) are subject to a voltage, the electric
field is greatest in the region of smallest permittivity.

Electrical breakdown can occur in this region without
occurring elsewhere. Repeated partial discharge further
damages the insulation and may eventually result in
complete discharge (i.e. flashover). Therefore, a partial
discharge measurement should be performed on a regular
basis to monitor the integrity of the insulating material
[11].

Wireless technologies can be deployed close to the power
system equipment to allow a dynamic flow of monitored
data. DSP techniques can be utilized and integrated with
wireless technologies to design a smart partial discharge
(PD) monitoring tool [11-15]. Software Defined Radio
SDR is a wireless technology that offers a reliable solution
for PD monitoring and localization in the future smart
grid. In order to diagnose the nature of a fault within an
insulator, the PD monitoring tools monitor PD high
frequency RF radiation [16]. This requires processing
large data sets with high sampling rates. Important factors
such as the number of pulses, their distribution within the
power system cycle, pules rise times, peak magnitudes
and widths, are required for early detection of PDs. One
of the challenging tasks in this project is the use of SDR
technology to detect and extract the PD characteristics
[17].

III. Usrp AS A WIDE BAND SPECTRUM ANALYZER

Several products are based on SDR technology, however
not all of them are compatible to work in a sensor
network. USRP SDR series are configurable devices and
can be connected in a sensor network. One of this series
product is the USRP N200. Due to the hardware
limitation of the USRP N200, the USRP cannot scan a
frequency band that is larger than its bandwidth (USRP
N200 BW is 20MHz) in one time, instead this can be
done in multistep hence the swept mode is adopted in this
work instead of the FFT mode. This is because the PD
band of 50-880 MHz is very wide, and in order to scan the
whole band, it is required to divide into sub bands and to
retune until the whole band is covered [18]. Figure 3
shows the flowchart for the detection
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Fig. 3. Flowchart of SDR spectrum scanning.



In the USRP N200, all samples are sent via a Gigabit
Ethernet cable to a PC. These samples are 16-bit [ & Q
data (complex values), this means 4 bytes per complex
sample. There are two important parameters in the swept
modes spectrum analysis:

Tune delay; is the required time for the RF front-end to
tune into a new frequency.

Dwell delay; is the required time to determine the average
values for each centre tuning frequency.

IV. SYSTEM OVERVIEW AND RESULTS

The PD detection system that is based on SDR is simple
as it only consists of a USRP with a wide band antenna
and a computer that is connected to the USRP N200 via a
Giga Ethernet cable. USRP N200 has been chosen as it is
reliable, cost-effective and commonly used for various
applications. Figure 4 shows the PD detection system that
is based on SDR [19].

BN \.
Fig. 4. PD detection system based on SDR.

Figure 5 show the results obtained using the SDR PD
detection. Figure 6 shows the results obtained using a
spectrum analyzer for validation purposes only. When the
results obtained using the SDR PD detection system are
compared to those obtained using a spectrum analyzer it
is seen that the difference between the two curves (in
absence of PD and presence of PD) is identical. It should
be mentioned that SDR results are not calibrated, hence
the difference in absolute power levels. Obviously a
spectrum analyzer demonstrates better results but when
we consider the cost it can be appreciated that the SDR
system is more cost effective for PD detection.
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Fig.5. Measured spectrum using SDR.
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Fig. 6. Measured spectrum using a spectrum analyzer.

V. CONCLUSION

The work reported here considers the use of recently
developed, low-cost, Software Defined Radio (SDR)
technology configured as a spectrum analyzer to measure
the radio power spectral density across the frequency
band that PD energy might be expected to reside in the
smart grid. Due to the cost effeteness of the SDR
technology it can be used at the user end for the purpose
of PD detection.
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