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Abstract: Designing and implementing commercial as well as industrial systems based on Wireless communication has
always been a prominent field of interest among many researchers and developers. This paper presents an implementation
methodology for a wireless automatic meter reading system (WAMRS) incorporating the widely used GSM and Zigbee
network. In many countries GSM and GPRS network is widely known for its vast coverage area, cost effectiveness and
also for its competitive ever growing market. Using GSM as the medium for WAMRS provides a cost-effective, wireless,
always-connected, two-way data link between utility company and WAMRS, the WAMRS sends information of utility
usage, power quality and outage alarm to utility company, tampering detection to the utility servers.
In this paper we suggest a method where we utilize telecommunication systems for automated transmission of data to
facilitate bill generation at the server end and also to the customer via SMS, Email.
Keywords: GSM, ZIGBEE, GPRS, Relay Control
1. Introduction
The wide proliferation of wireless communication propose
and explore new possibilities for the next generation
Automatic Meter Reading (AMR) whose goal is to help
collect the meter measurement automatically and possibly
send commands to the meters. Automation ranges from
Connecting to a meter through an RS-232 interface for
transmitting the meter measurements all the way from the
meter to the utility company via GSM network.
1.1 History of Meters
With the development of country’s economy and the
improvement of national power, the power requirement is
still ever increasing due to use of improper power
management systems and the conventional energy metering
system. Over the past years, metering devices have gone
through much improvement, and are expected to become
even more sophisticated, offering more and more services.
Meters in the past, and today in a few countries, were
electromechanical devices with poor accuracy and lack of
configurability. Theft detection was also a challenge. Such
meters are limited to providing the amount of energy
consumption on site.
Recent developments in this direction seem to provide
opportunities in implementing energy efficient metering
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technologies that are more precise and accurate, error free,
etc. The implementation of WAMRS provides with many
vital features as compared with the analog utility meter
reading with man power. Some of these features are listed
below,










Higher speed.
Improved load profile.
Automatic billing invoice.
Real time energy cost.
Load management.
Alarm warning.
Remote power switches on/off.
Tamper detection.
Bundling with water and gas.

WAMRS provides a two way communication between
the electricity company and the load by sending in a lot of
power parameters and control signal to reach the goal of load
management and power demand control. Using WAMRS on
distribution automation can supply many capabilities such as
efficient meter-reading, distribution, power monitoring and
control, load management and time-of-use rate. With rapid
growth of mobile communication network, future
application service will gradually concentrate on data
transmission service. GSM has been developed maturely and
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has many practical applications at present. It has many
advantages such as more stable network with robust features,
covers virtually all parts of the world, maintenance and
security of data transmission. It satisfies the need of speed
for data transmission required for automatic meter reading
system.
1.2 Messaging over GSM Network
Global System for Mobile Communications (GSM) is the
world's most popular standard for mobile telephony systems
GSM is used by over 1.5 billion people across more than 212
countries and territories. GSM also pioneered low-cost
implementation of the short message service (SMS) which
allows parties to exchange delay-tolerant short text
messages. The popularity and wide coverage of cellular
networks have attracted researchers to consider the use of
SMS service.
However there are certain questionable issues regarding
GSM network such as its scalability, reliability and security,
especially under high load. Zerfos et al. [7] have analyzed
real data taken from a real GSM network in India. SMS
delivery success rate was found to be 94.9%; 73.2% of the
successfully delivered messages reach to the destination
within 10 seconds; about 5% of them require more than an
hour and a half. Using SMS for AMR service will definitely
increase the flow of messages tremendously. GSM uses
several cryptographic algorithms for security. The
development of UMTS introduces an optional Universal
Subscriber Identity Module (USIM), which uses a longer
authentication key to give greater security, as well as
mutually authenticating the network and the user.
The paper consists of following sections: Section II
describes the proposed system architecture. The system
includes a 32-bit ARM microprocessor to deal with power
data processing and relay control, which transmits the power
consumption values periodically, via an existing GSM
network to a master station. Section III and IV describes the
hardware architecture and software separately of WAMRS.
Section V concludes the paper.
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Communication medium or GSM network, which
enables communication between the AMR interface
and the center.

Meter-reading, computation and charge can be finished
at the management centre of each residence. The charge
message i.e. SMS or Email would send to resident at regular
intervals. The GSM network establishes a two way link in
between the intelligent terminal and the management center
providing useful features as mentioned above.

2. System Structure
The system structure of wireless automatic meter reading
system (WAMRS) is shown in figure 1. The networked
meter-reading system consists of terminal measure meters,
sensors, intelligent terminals, management centre and
wireless communication network.



Intelligent terminal or AMR interface, a hardware
connected to a meter or a network of meters, which
gathers data from meter(s).
Management Center, mainly a computer or a
network of computers, which collects the data sent
by the AMR interface.

Figure.1 Structure of diagram of WAMRS
3. Hardware Architecture
The hardware architecture and appearance of WAMRS is as
shown as Fig. 2. The energy consumption is being calculated
using a standard calibrated energy meter. In order to prevent
unauthorized connection, mismatch with the energy meter, a
tampering detection unit is added in this block. The digital
date generated from this block is then sent to ARM-based
embedded system to compute power parameters.
The WAMRS can be divided into five parts; these five
parts separately are power unit (PU), relay control unit
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(RCU), and ARM-based embedded system (AES), wireless
communication module (WCM) and utility control center
(UCC). The hardware description of five parts is introduced
as follows.
3.1. Energy measuring unit (EMU)
The energy measuring unit consists of a standard calibrated
energy meter along with the tampering detection circuit. If
any variations other than the rated voltage or specified
values are obtained, the ARM -based embedded system
(AES) generates the necessary signals required for further
operations.
In many countries, it is seen that the consumers attempt
to obtain electrical energy illegally. These incoming losses
of stolen power for utility companies are very high. It’s
necessary for utility meter to have the capability of tamper
detection. The following events are considered for tamper
detection by the method.
 Missing potential event
 Current unbalance event
 Current reversal event
If any above event occurs, the AES will record the
meter status in database and inform UCC about tamper
warning on the instant.

3.2. Relay control unit (RCU)
The RCU is a vital part in WAMRS. It provides the useful
functionality of remotely switching the power ON/OFF to
the user. It consists of a protective relay, breaker control
circuit & line breaker.

3.4. Wireless communication module (WCM)
The WAMRS adopts a SIM 300 GSM modem manufactured
by SIMCOM limited as the wireless communication module.
SIM300 is a Tri-band GSM/GPRS engine that works on
frequencies EGSM 900 MHz, DCS 1800 MHz and PCS1900
MHz. The SIM300 is designed with power saving technique,
the current consumption to as low as 2.5mA in SLEEP
mode. The SIM300 is integrated with the TCP/IP protocol;
extended TCP/IP AT commands are also developed for
using the TCP/IP protocol easily, which is very useful for
those data transfer applications.
3.5. Utility control center (UCC)

3.3. ARM-based embedded system (AES)
The AES is termed to the heart of WAMRS. It is designed
based on a low power 32 -bit ARM7 LPC2148 processor. It
is a high performance and low cost solution for network
applications. It consist of two 10-bit ADCs, with conversion
times as low as 2.44 μs per channel, single 10-bit DAC
provides variable analog output two 32- bit timers/external
event counters and Multiple serial interfaces including two
UARTs. The on chip features can significantly reduce the
total system cost to design network devices. It has 8 kB to 40
kB of on-chip static RAM and 32 kB to 512 kB of on-chip
flash memory, so it can execute longer programming code
and has larger RAM to store more data.
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The UCC resides in the utility company and has a PC as
control server with needed programs and storage to read and
collect power parameters from AES via communication
network. The specifications of server are as follows:
 2.4 GHz Intel Pentium IV processor
 512 Megabytes RAM
 80 Gigabyte Hard Disk
 15" LCD Monitor
 DVD-Rom Drive
 100 Mbps. Network Connections
 Dot-matrix printer.
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enabling pre-programmed flags. The system is usually in
standby mode. The controller may read the contents of the
status register to monitor data transfer status.
4.2. Server End Terminal Software Design
In accordance to the function of the hardware circuit design,
the software programming idea of server end terminal is as
follows: first, the system completes initialization, and then
sends commands to the meter reading terminal through the
GSM modem. When the host WAMRS receives the signal, it
will select the data and update the database at the same time,
send the consumption to the consumer via SMS, Email. The
overall software flow chart is shown in Figure 4.
5. Conclusion
The wireless automatic meter reading system
(WAMRS) presented in this paper absorbed many advanced
study results in computer technology and communication
technology. The meter-reading task can be finished at the
management department of residence area by using this
system. Meantime, the energy resources management
departments can monitor the consumption of power in order
to improve the utility of power. It's the basic to realize
automatic deliver of energy resources.
The system has many significant excellences, such as
wireless, low-workload, great quantity of data transmission
high-veracity and low-expenses. The using of embedded
system improves the stability of wireless data transmission.
For a long distance transmission GSM telecommunication
has shown excellent performance at any conditions.
References

4. Software architecture
The system software is implemented by C language in the
Keil MCB2130 software along with flash magic. All
software development tasks including editing, compiling and
debugging can be accomplished using the above mentioned
software’s.
4.1. Meter Reading Terminal Software Design
According to the hardware circuit design features, meter
reading terminal software design flow chart is given and
shown in Figure 3. First, the system initializes each
module, and then reads the meter readings regularly, and
stores them. When receiving the command, the meter
sends in the current status along with the energy
consumption.
In case of uncertain events such as reverse voltage,
tampering, etc the WAMRS will generate error signals by
© 2012, IJARCSSE All Rights Reserved

[1] Abdollahi, A. Dehghani, M. Zamanzadeh,” SMS-based
Reconfigurable Automatic Meter Reading System” in
Control Applications, 2007.
[2] Amin S. Mehmood, T. Choudhry, M.A. Hanif, A
“Reviewing the Technical Issues for the Effective
Construction of Automatic Meter Reading System” in
International Conference on Microelectronics, 2005
IEEE.
[3] Bharath, P.; Ananth, N.; Vijetha, S.; Prakash, K.V.J.;
“Wireless Automated Digital Energy Meter” in
Sustainable Energy Technologies, ICSET 2008.
[4] Chih-Hung Wu; Shun-Chien Chang; Yu-Wei Huang;
“Design of a wireless ARM-based automatic meter
reading and control system” in Power Engineering
Society General Meeting, 2004. IEEE.
[5] Liting Cao, Jingwen Tian and Dahang Zhang,
“Networked Remote Meter-Reading System Based on
Wireless Communication Technology” in International
Conference on Information Acquisition, 2006 IEEE.
[6] Liting Cao, Wei Jiang, Zhaoli Zhang “Automatic Meter

Page | 324

Volume 2, Issue 5, May 2012

www.ijarcsse.com

Reading System Based on Wireless Mesh Networks and
SOPC Technology” in International Conference on
Intelligent Networks and Intelligent Systems, 2009
IEEE.
[7] P. Zerfos, X. Meng, S. Wong, V. Samanta, and S. Lu,
“A study of the short message service of a nationwide
cellular network,” in
ACM SIGCOMM Internet Measurement Conf., Oct.
2006.
[8] Primicanta, A.H.; Nayan, M.Y.; Awan, M.; “Hybrid
Automatic Meter Reading System” in Computer
Technology and Development, 2009. ICCTD '09.
[9] Tariq Jamil; “Design and Implementation of a Wireless
Automatic Meter Reading System” in Proceedings of
the World Congress on Engineering 2008.
[10] Tarek Khalifa, Kshirasagar Naik and Amiya Nayak, “A
Survey of Communication Protocols for Automatic
Meter Reading Applications” in Communications
Surveys & Tutorials, IEEE.
[11] Vinu V Das,”Wireless Communication System for
Energy Meter Reading” in International Conference on
Advances in Recent Technologies in Communication
and Computing 2009.
[12] Xiujie Dong, Yan Yang, You Zhou “The Design of
Wireless Automatic Meter Reading System Based on
SOPC” in WASE International conference on
Information Engineering, 2010 IEEE.
[13] International Standards for all electrical, electronic and
related technologies available at http://www.iec.ch.

© 2012, IJARCSSE All Rights Reserved

Page | 325

