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Abstract - Smart grid, as an intelligent power generation, distribution, and control system, needs various communication 
systems to meet its requirements. Automatic meter reading and more precise prognoses come within technical reach due to 
wireless sensor networks for smart metering and the smart grid. The radio nodes exchange data wirelessly in bidirectional 
communication and forward them to the master node. In the smart meter module consists of a micro controller (At mega 16) 
interfaced with passive rfid module and is interfaced with zigbee module and is connected to the master module with 802.11 
ethernet interface.Using smart technology ;smart meters are interfaced with passive rfid and zigbee and smart meter will 
behave like a post paid mobile phone where passive rfid is used to pay electricity bills and recharge. This paper describes 
about how a smart meters work and how smart meter is helpful in paying bills wirelessly and need for a person collecting bill 
is removed. 
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I. INTRODUCTION: 
 
Smart meters are digital devices that collect power 
usage data and normal energy meters transmit and 
receive data. The basic difference is that smart meters 
will have data usage for every 15 minutes and date 
and time is stored using RTC (real time clock) 
Electric energy will be recorded at your home. Smart 
meters will enable you to monitor your power 
consumption more precisely .Smart meters can show 
how much power they are using and how much they 
are spending on it as they use it. This can encourage 
them to save energy which is good for the consumers 
[16]. Zigbee is a cost efficient, low power, data rate 
and short-range communication technology based on 
the IEEE 802.15.4 standard. But, due to Zigbee’s 
short transmission range, it must be a combined with 
longer-range communication protocols such as 
IEEE802.11 in order to provide end-to-end 
connectivity across the smart grid [7].Wireless sensor 
networks (WSNs) enable new applications and 
require non-conventional algorithms for protocol 
design due to several protocols. Owing to the 
requirement for low device complexity together with 
low energy consumption , a proper balance between  
 

 
communication and signal  processing capabilities 
must be found[3].  After a quick view of the Low rate 
WPAN standard (802.15.4) and the Zigbee 
stack,when interconnecting low powered 802.15.4 
devices and  IPv6  protocol. Subsequently the focus 
will be on existing methods to connect LoWPAN 
devices to the internet and on how these approaches 
try to solve these problems[6]. In this paper we are 
designing a postpaid smart meter which pay 
electricity bills using wireless sensor networks which 
include passive rfid,zigbee 802.15.4,802.11 ethernet . 
In section 2 we are going to describe smart grid 
system and the inner modules present in each node 
and working of each devices and describe how the 
system architecture will be and how the wireless 
communication will be taken place.In section 3 , we 
will explain the hardware description of the system 
and working of each node with respect to 
communication. 
 
II. SYSTEM DESCRIPTION: 
 
This system consists of a smart meter in which no.of 
units used are calculated and automatically updated in 
smart meter. Your electricity meter records 
kilowatthours 

(kWh) of electricity you have consumed.By taking 
the current reading and subtracting the previous 
reading you can calculate your consumed electricity. 
For example, the reading taken on the dial meter 
above was 50000. If the previous reading was 45000, 
then 5000 kilowatt-hours (kWh) of electricity have 
been used since the previous reading. If there were 50 
days between the two readings, then the average daily 
usage would be 100 kilowatthours( kWh)per day.You 
should be able to use the calculation above to keep 
your usage in check within the billing period. Eg:  If 
you read for four hours with a 200-W light bulb, for 
example, youwould use the formula as follows: 

E(watt-hour) = power x time (E = P x t) 
E= 200 W x 4 hours = 800 Wh 
One watt-hour is a very small amount of electrical 
energy. Usually, we measure electrical power in 
larger units called kilowatt-hours (kWh) . A kilowatt-
hour is the unit that utilities use when billing most 
customers. The average cost of a kilowatt-hour of 
electricity for residential customers is about Rs 7.50. 
To calculate the cost of reading with a 200-W light 
bulb for four hours, you would change the watt-hours 
into kilowatt-hours, then multiply the kilowatt-hours 
used by the cost/kwh: 
800 Wh / 1,000 = 0.8 kWh 
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0.8 kWh x Rs 7.50/kWh = Rs 60 
During peak hours i.e at night times power costs are 
low depending on usage at nights. So that we can 
reduce the overall power consumption and there 
would be difference between normal hour’s usage 
and peak hour’s usage. So there should be some 
algorithms required to convert total no of units 
consumed .These no of units consumed by the smart 
meter are to be communicated to the master node via 
802.11 protocols.  Initially master records the data of 
power consumed units of the slave in the previous bill 
and now the slave transmits the data of the reading as 
mentioned above wirelessly through zigbee .As 
zigbee cannot transmit through longer distances ,it is 
interfaced through 802.11 protocol and master will be 
in receive mode and receive the reading on the slave 
as shown in fig i.Thus, due to Zigbee’s limited 
transmission range, it must be a combined with 
longer-range communication technologies such as 
IEEE802.11 in order to provide end-to-end 
connectivity across the smart grid. Now,the master 
node receives the data from the slave node and store 
the data and calculate the no of units consumed and 
the bill is generated from the above procedure and it 
is sent through 802.11 interface to the zigbee where it 
is displayed through Lcd.The block diagram of this 
procedure is shown in fig ii. 
 

 
 

Fig i.Block diagram of the system where smart meter 
communicates with the master node about the householdusage 

 
 

Fig ii. Block diagram of the system where master 
communicates the bill information to the slave 

 
III. MODULE DESCRIPTION: 
 

3.1 Zigbee Module:  
Zigbee devices are ideal for smart grid and building 
automation applications, because they are wireless, 
low cost, and robust. Wireless nodes also provide 
flexibility, redeployment, and reconfiguration. The 
integration of Zigbee devices with lights, proximity 
sensors, temperature sensors like lm 35 enables 
measurement and control of all the loads. The low 
power consumption of Zigbee is achieved by very 
low duty cycles of less than 5%. 
IEEE 802.15.4 is the IEEE standard for low data rate 
WPANs, which focuses on the specification of the 
two lower layers of the protocol: physical layers and 
data link layers of the network stack. It does not 
provide the upper layers of the protocol stack. Zigbee 
technology is a low data rate, low power 
consumption, and cost effective wireless networking 
protocol targeted towards automation. IEEE 802.15.4 
focused on the lower two layers of the protocol 
stack.The IEEE specification was designed for very 
low duty cycle (nominally about 0.1% transmitter 
duty cycle or less),in the meanwhile communicating 
devices in a large, dynamic network. While , high 
duty-cycle applications like voice or low-rate video 
cannot benefit nearly as much from power 
consumption savings as much of the power 
consumption savings is due to the device being able 
to spend most of its time in a quiescent state. The 
single 868.3 MHz channel for use strictly in the 
European Union is limited to a 0.1% transmitter duty 
cycle by regulation.  
 
3.2 Interfacing Zigbee With 802.11 Ethernet 
Protocol:  
Interconnection between WSNs and TCP/IP networks 
, as it had been assumed that TCP/IP was too much 
memory and bandwidth intensive for usage in 
resource constrained wireless sensor networks . The 
6LoWPAN standard defines a framework for 
deployment of IPv6 over IEEE 802.15.4 networks by 
means of header compression and routing and 
forwarding at layers 3 and 2. In order to use 
IPv6 over 802.15.4 networks, an adaptation layer 
between the 802.15.4 data link and network layer was 
developed to provide the following functions: 
(i)  compression of IPv6 headers by means of HC1 
compression  to reduce their size from40 bytes to 
approximately 4 bytes, thereby reducing transmission 
overhead 
(ii segmentation and reassembling  scheme to support 
the transmission of the packets . 
Zigbee networks are primarily used for periodic data 
collection of low-BW sensor and alarmdata, while 
Wi-Fi networks support a variety of services with 
varying quality of service requirements. Based on 
this,a differential service medium access control 
scheme  is required to guarantee timely and reliable 
delivery of Zigbee over building Wi-Fi networks. 
Thus, we design an enhanced distributed channel 
access model to achieve this. 
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802.15.4gateway 

Fig iii connecting zigbee to 802.11 interface 
 

 
3.3 Rfid:  
Rfid( radio frequency identification and 
detection)Tags that  contain an onboard power source 
or  connected to an external power supply are called 
“Active”  tags while those tags that depend on the 
RFID reader for their power are called “Passive” 
RFID tags through electro magnetic field. Passive 
RFID tags absorb and temporarily store some energy 
from the readers signal to generate their own 
response. For Passive RFID, the  range is limited by 
two factors: 
 1)  very strong signals to be received by the tag to 
power the tag 
 2) the small amount of power available for system 
respond to the reader 

 
Fig iv. Block Diagram of RFID system architechture 

 
IV. HARDWARE DESCRIPTION: 

 
The hardware description of the module consists of 
micro controller Atmega 16, zigbeee module, Rfid, 
Max 232,PC which is shown below: 
The working of the system involves two functions: 
1. Transmitting and receiving from master node 
through zigbee and 802.11 interface 
2. Making a smart meter a postpaid billing meter by 
interfacing micro controller to rfid module (passive) 
As the ZigBee node has to be used with Electric 
Meter Module, and it should be powered by battery, 
so the size of the ZigBee node is small, low-rate, and 
high-stability .Initially smart meter calculates no of 
units consumed and sent to the micro controller and it 
is transmitted to zigbee through Tx pin and zigbee 
sents that data to the master through 802.11 interface. 
Hence master receive no of units consumed and it 
will send the bill to the smart meter through wireless 
sensor nodes through zigbee and smart meter store 

the value in is memory and the usage is displayed on 
lcd. 
 

 
Fig v. Block diagram of the overall system 

 
After storing the value in smart meter ;smart card i.e 
passive rfid card is inserted in a slot such that it check 
for no of units present in the smart card and if no.of 
units consumed >= no.of units present in the smart 
card.the card is get reacharged and the billing will be 
done. As given above the procedure of passive rfid 
system ; The RF transceiver is the source of the RF 
energy used to activate and power the  RFID tags. 
The RF transceiver may be enclosed in the same 
module as the reader. The RF transceiver modulates 
the radio frequencies through FSK (frequency shift 
keying ) techniques  that the antenna transmits and 
receives. Once the card is detected and if the baud 
rate of  both the reader and the controller are the same 
information is transmitted. 
 

CONCLUSIONS AND FUTURE WORK: 
 

ZigBee is a wireless standard that uses small, low-
power devices based on the 802.15.4 standard for 
WPAN’s. It was initially developed for wireless data 
control and data transmission and reception 
applications and has just been recently successfully 
developed for smart metering applications and 
become another competent alternative for automatic 
smart meter reading. In order for the smart grid to 
achieve its goals, we need the resolve the problem of 
interconnect ability between the different 
communications technologies deployed in the 
network. Our goal of making the smart meter as a 
prepaid and post paid meters will be successful until 
the proper signal conditioning and processing is 
properly done in this wireless technology or through 
wireless standards According to industry sources, 
worldwide will spend $ 385 Billion in Smart Grid 
technologies by 2030 and India will be the third 
largest smart grid and is set to install 150 million 
Smart Meters by 2021. At present, the technology in 
India is popular with only few smart meters. This 
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situation is expected to change from 2012. Apart 
from smart meters, the budjet of the government will 
be towards grid automation, communication, IT 
systems and hardware; HAN, and system integration. 
India innovation towards Smart Grid spending is 
likely to touch about 10000 crore rupees by 2015 
from the current level. 
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