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Abstract

This report discusses the power-line communication over the low-voltage grid,
which has A very high potential growth in the near future. The main advantage
with power-line communication is the use of an existing infrastructure. Wires
exist to every household connected to the power-line network. This report
starts with a general introduction to power line communication. Then it
discusses the application of an existing home automation system then
communicating over a low-voltage grid is investigated in order to obtain some
knowledge of how the power line acts as a communication channel. The
power-line communication channel can in general be modeled as a system
with frequency dependent signal-to-noise ratio varying with time over the
communication bandwidth. Finally we describe the basic parts of the system
that eventually could be used for information transfer over the power-line
communication channel.

Index Terms: PLDT, Transmission and receiver

Introduction
Power is a crucial ingredient for economic growth and prosperity for every nation and
the people it supports. Electricity is consumed in everything. we do and it has become
synonymous with life in the industrialized world. How do we achieve more efficiency
in the power grids? The answer that we believe is the key to this question is Power
Line Data Transmission (PLDT). PLDT can ease the congestion and load on the
power lines, and also, give the electric companies the chance to offer new services
such as broadband internet access and Power-on- Demand. In this project, we focus
on the application of PLDT to Power-on- Demand. PLDT is the art of sending data
through power lines. The basic process involves three steps:

1. Modulate the data so that it can be sent over the transmission medium.

2. Transmit the signal in such a manner to reduce signal distortion.

3. Receive and demodulate the signal to extract the data.
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A device that can achieve the above is called a Power Line modem. There are
many types of modems in most homes today that allow us to communicate over the
telephone and cable mediums. Modems are built specifically for their transmission
medium, that is to say, a dial-up modem will not work on the cable (coax) medium.
Each type of modem also employs some type of modulation/demodulation scheme,
such as FSK, PSK, or ASK. The specifics of the project that we have created will be
discussed later. Electricity providers are turning to power-on-demand technologies to
relieve the stress on the exhausted power grids. Energy providers do not want to build
more and more complex and expensive grids, instead, they would like to focus their
time and money into more efficient and long-term solutions. Power-on-Demand
(PoD) is the solution that the electrical utility sector has been longing for PoD systems
can be implemented to supply the consumers on the grid with the amount of energy
that they need at any time, and this amount can be varied at any moment.

Motivation

As technology advances and more technologies are developed and used by society,
our demand for electricity will increase at unpredictable rates. In fact, on a daily basis
power companies are faced with the challenge of distributing power through their
power grids without disrupting the flow of electricity to other users. However, when
there is a sudden increase in the demand for power in a part of the power grid then
there can be disastrous effects. When the load is too great for a power grid there can
be outages that can cost the economy millions of dollars and his is simply
unacceptable. Many times it is not by fault of the power company that these outages
occur, but mainly due to mechanical failures at certain nodes or unexpected increases
in power consumption at particular nodes. Power-on-Demand can not decrease the
occurrence of outages due to mechanical failures, but it can decrease the chances of
outages occurring due to unexpected increases in demand for power. Power-on-
Demand is gaining support because of the functionality it purports. Using this
technology, power companies can communicate with their large industrial clients on
an ongoing basis and be assured that their power demands will be met. This will
decrease the probability of an outage being caused by those clients and increase the
efficiency of the power network. The motivation is simple create efficient power
networks by communication. If companies are successful in implementing Power-on-
Demand systems, then this technology can be further developed to offer other services
using Power Line Data Transmission.

Problem Defination
There is an opportunity to enhance the capabilities of the existing power line
nfrastructure using PLDT. This opportunity would lead to several positive outcomes:
« Efficient power distribution and network management
« Use the new technology to diversify the core practices by offering new
services such as broadband access
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« Lower the probability of costly and inconvenient power outages In this
project, we want to build a system to send and receive messages through the
power lines. The messages will be used between two parties to communicate
the need for more power.

To address this opportunity we developed the idea of Meter Man. Meter Man is a
product that is based on the idea of PLDT. Meter Man uses communication
techniques over power lines to communicate between two parties. We identified
several requirements for this product, namely:

+ Safely interface with power line

» Low bit error rate

» Low susceptibility to interference

» Frequency Shift Keying or Phase Shift Keying as modulation scheme

» Some kind of console to enter data and read data

+ Isolate the power signal from the message signal

These requirements form the basis for the solution that we developed to address the
problem of sending and receiving data over power lines.

Methodology

For this project we developed a high level idea and then worked down hierarchically
to develop the individual pieces. The idea is simple — support communication through
power lines by two parties. In Figure 1 we show the typical scenario of the Meter Man
being used. We envision a system, where the consumer would go to Meter Man’s
interface and choose to increase or decrease his power consumption level, and Meter
Man would send a signal to the electric company advising them of the change in
demand. Overall, this implementation would be perfect for the distribution of power
between two electric grids so that power outages could be avoided. For example, let
us consider the case of a large car manufacturer that will be increasing output by 40%
for five days. This would mean that the company would be using more power than
usually expected. This increased usage would cause extra load on the power grid.
Now, if several other manufacturers had similar demands then we would be in
trouble. However, if the power company knew of the increased demand, then they
could compensate for the extra demand ahead of time by ensuring that enough power
is available.
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Figure 1. Meter Man Concept
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Solution

The Meter Man system diagram is shown below in Figure 2. There are two basic units
that are needed to facilitate the communication between the power company (vendor)
and the consumer. The consumer unit would be located at the client’s building and the
vendor unit would be used by the power company. The consumer unit consists of a
personal computer, a PowerPC microcontroller, a digital-to-analog converter, and a
transmitter. The vendor unit consists of a receiver circuit, an analog-to-digital
converter, and a user console which could be another microcontroller and computer
combo. The overall system that was envisioned is shown below, but the system that
was implemented does not include the user consoles. Due to time constraints and
because priority was given to the transmitter and receiver circuits, these consoles we
not implemented. The main focus of our design was the transmitter and receiver
circuits that would allow us to send and receive data through the power line medium.
These circuits will be discussed in greater detail in section.

Consumer Unit Vendor Unit
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Implemented Solution

Figure 2. System Block Diagram

Conclusion

Society’s demand for power will continue to grow as new technologies are invented.
This is a reality of living in an industrialized age. However, the same technologies
that are created to make our lives more comfortable, convenient, and safe can
sometimes cause traumatic results. Our power suppliers are given the burden of
supplying us with a constant power supply, but this burden can not always be met. We
proposed the idea of a device that would allow communication between the power
suppliers and their large industrial clients in the hope that the communication would
lower the probability of power failures. The interesting feature about the device is that
it communicates solely through the power lines. This is an implementation of data
transmission through power lines. A successful implementation of this type of
technology would open the door to new data services that could also be provided
through the power lines. The implementation of the device, named Meter Man, began
with the design of a transmitter and receiver circuit. The circuit would need to be able
to receive data, modulate it, and then interface with the power line. We successfully
created such a circuit using an FSK modulating chip and power amplifiers. The
receiver was also built using a FSK demodulating chip and power amplifiers to
interface with the circuit. The final step was to build filters that would allow us to
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retrieve the original message. Although we encountered several problems on the way,
we were able to successfully design, simulate, and implement the transmitter and
receiver circuits. We have also researched several ways to improve the system. By
changing the modulation technique to BPSK we can reduce interference. If we change
the modulation technique to QPSK we could double the data rate and reduce
interference. The system would therefore function better with a QPSK chip. To
further increase the data rate, OFDM could be employed to get the maximum
utilization of the power line. To make the system user friendly we would need a
graphical user interface. The GUI could be programmed in Microsoft Visual C++ or
Java to communicate with the low level instructions in the PowerPC micro-controller
to give a user-friendly interface for both the transmitter and receiver. In conclusion,
we accomplished the task that we set forth to do at the beginning of this project which
was to send data over the power lines. Through the work we have done we learned
about the high interference that must be overcome to make high-speed data
transmission over power lines successful.
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