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Abstract— Save energy: For nature, for future. To conserve the energy smart metering with exploitation of communication 
technologies has revolutionized the efficient utilization and management of energy consumption. World over, tremendous 
research is going on energy efficient communication technologies and protocols. ZigBee is widely accepted protocol for low 
power and low data rate smart home area networks. In this paper, therefore for smart metering application, instead of devising 
a new protocol, we have critically examined the application interfacing methods of energy conservation like fixed and adaptive 
duty cycling and data reduction to make communication more efficient among smart devices. These methods have been 
evaluated on the basis of key objectives of smart metering that are real time information or minimum latency in data to user 
and interoperability among devices and manufacturers. A modification in ZigBee smart energy profile has been suggested to 
accommodate data modeling and prediction method which is discovered as most appropriate energy conservation method for 
smart metering application during analysis.  
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I.  INTRODUCTION 
 
Energy Conservation is unquestionably of great 
importance to all of us, since we rely on energy for 
everything we do every single day.   Energy supplies 
are limited and, to maintain a good quality of life, we 
must find ways to use energy wisely and smartly. 
Reducing the amount of energy that we use is a good 
way to save money and to reduce toxins and pollution 
that are released into the atmosphere during the 
production and consumption of energy. Smart 
metering is paving the way for cleaner and greener 
environment by providing consumers with real time 
information about the amount and cost of energy they 
are using and enabling them to make choices before 
they buy. Smart meter achieves its objective of 
consumer awareness by wireless communication 
utilizing ZigBee protocol. Our focus in this paper will 
be on battery powered smart gas and water meter. To 
achieve longer battery lifetime is extremely important 
as energy is a scarce resource and frequent battery 
replacement would monetary impact the smart 
metering implementation. This paper presents in 
Section II smart metering communication home area 
network and benefits of smart metering. In Section III, 
ZigBee protocol specifications and in Section IV 
current requirements of transceiver have been briefly 
discussed. In Section V various energy conservation 
techniques have been examined in detail and 
modification in application layer has been suggested. 
Finally, Section VI concludes the analysis.  In the 
following, the term “smart meter” stands for “smart 
electricity, gas and water meter,” unless differently 
specified. 
 

 
II. SMART METERING HOME AREA 

NETWORK 
 
As shown below in pictorial representation, 
comprehensively elaborated here from, smart 
metering home area network consists of smart meters, 
data-hub or energy service portal, IHD (In home 
display) and smart home devices and controls. The 
smart meter measures energy consumption and 
communicates to IHD for user interface via energy 
service portal using ZigBee communication protocol. 
The Energy Service Portal (ESP) connects the smart 
home area network to the utility company’s wide area 
network and routes messages into and out of the HAN. 
The ESP normally acts as the ZigBee Co-coordinator. 

 
Fig. 1.  Smart metering home area communication network 

 
A. Review Stage 
Smart meters offer following benefits to consumers as 
well as energy suppliers: 
 
1. Real time display of energy consumption 
Smart meter measures energy consumption and 
transmits it wirelessly to In-home display where a user 
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can see real time consumption. The aim is to make the 
user aware of its consumption in order to reduce it or 
adapt it to the actual needs. 
2. Home automation for appliance control and 

regulation  of energy demand  
Communication network between smart meters, IHD 
and utility back office enables user to operate, control 
and configure home appliances by using a single 
remote control i.e. IHD. A user can program devices 
which consumes more energy like washing machines, 
dishwashers to operate in low tariff time zone or 
off-peak period of a day. This practice optimizes the 
distribution of energy consumption during the day and 
encourages saving that will impact both on consumer 
spending and on the energy request from the 
community.  
 
III. ZIGBEE PROTOCOL SPECIFICATION 
 
Here we will first discuss the specifications which 
make the ZigBee as preferred choice for low cost home 
area network.  
ZigBee specifications are as follows: 
 
1. Highly reliable 
 IEEE 802.15.4 with O-QPSK and DSSS 
 CSMA-CA 
 16-bit CRCs 
 Acknowledgments at each hop 
 Mesh networking to find reliable route 
 End-to-end acknowledgments to verify data made it 

to the destination 
 

2. Cost effective 
 Use of license-free 2.4 GHz spectrum for worldwide 

distribution. 
 Easily availability of certification facility 
 Reduced development time with readymade 

modules availability. 
 Core technology is free of patent infringements. 

 
3. Low power 
 Low duty cycle  
 Typically 30 ms network join time 
 Sleeping slave changes to active in 15 ms 
 Active slave channel access in 15 ms 

 
4. Highly secure 
 Use of Advanced Encryption Standard 128-bit for 

encryption and authentication. 
 

5. Interoperable 
 Open global standard 
 Compatibility between certain type of products 

through application profiles, e.g. ZigBee smart 
energy profile for smart meters. 

 

IV. ZIGBEE PROTOCOL STACK 
 
ZigBee protocol stack consist of the Application 
Layer, 
Application Framework, Network Layer, Mac Layer, 
Physical Layer as shown in Fig. 2. 

 
Fig. 2.  ZigBee protocol stack architecture 

 
The application layer is the top layer in the ZigBee 
protocol stack consists of the specific application 
objects known as ZigBee Object Device, and 
Application Support (APS) Sub layer. The end device, 
routing and coordinator are the nodes that participate 
in the network are considered in the ZigBee Object 
Device. ZigBee alliance have an application 
framework and network layer which provides the 
range of standard data types, frame formats for 
transmission of data and the attribute based profiles. 
The network layer handles the addresses of the 
network and provides the routing actions taken in the 
MAC layer. It also include the coordinator by 
assigning the network address, also manages the 
network nodes, its routing information, security and 
the route discovery phase. Frame counter, will 
determine the age of the message it receives, and 
detect the possibility that an old message was recorded 
and is played back to the device. The physical layer 
and MAC layer is under the IEEE 802.15.4 which 
providing the reliable and communication between the 
nodes of the network by avoiding the collisions to 
improve the efficiency. It decides and assemble 
routing data packets and frames and also responsible 
for the defragmentation of it. The physical layer is 
concern with the physical transmission medium for 
the communication. The PHYSICAL layer can 
operate in two separate frequency ranges of 868MHz 
which is used in European band and 915 MHz band 
used in U.S and Australia, while higher frequency 
band 2.4 GHz used in world wide. ZigBee employs 
either of two modes, beacon or non-beacon to enable 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-2, Issue-2, Feb.-2014 

 Enhancing Energy Efficiency Of Communication Subsystems For Smart Metering 
 
7 

the to-and-fro data traffic. In the beacon mode, a 
device watches out for the coordinator's beacon that 
gets transmitted at periodically, locks on and looks for 
messages addressed to it. If message transmission is 
complete, the coordinator dictates a schedule for the 
next beacon so that the device ‘goes to sleep'; in fact, 
the coordinator itself switches to sleep mode. Below 
figure shows the scenario when hub also goes in sleep 
mode and uses beacon to take update from smart 
meter. 

 
Fig. 3.  Beacon network communication 

 
If data hub remains always powered on then there is no 
beacon for smart meter i.e. smart meter can  send data 
intermittently thus smart meter can have longer sleep 
times of transceiver. 

 
Fig. 4.  Non beacon network communication 

 
V. TRANSCEIVER CURRENT 

CONSUMPTION 
 
 In this section let us analyze the current consumption 
of ZigBee devices. For a device the time ttx(n) that is 
required to transmit a frame with a data payload of n 
bytes can be computed as: 

 
ttx(n)= 8. (OMAC + n)/r                                  (1) 
where r is the bit rate and OMAC is total overhead 
(preamble, frame delimiter, MAC header and CRC 
field) of a frame. 
Using ttx (n) mean current can be estimated for 
transmission of a packet of n bytes as: 
Iactive(n) =   (tonoff . Ionoff  + tlistening . Ilistening + ttx(n) . 

Itx)/tact(n) (2) 
where  tonoff   is the total time required to wake up and 
turn off the transceiver 
Ionoff  is the  total current consumption during  wake up 
and turn off the transceiver 
tlistening is time required to access the radio channel and 
to receive the corresponding acknowledgement from 
the coordinator. 
Ilistening is current consumption during channel access 
and receiving acknowledgement 
Itx is current consumption during the transmission of n 
bytes 
tact(n) indicates the time of the complete activity 
period:  
tact(n) = tonoff  +  tlistening + ttx(n)                  (3) 
If T is the update period of data (i.e., the time between 
two consecutive transmissions of measured quantities) 
i.e. : 
T = tact(n) + tsleep                                        (4) 
The mean current drained from battery or power 
supply can be given as: 
Idrain(n) = (tact(n)/T). Iactive(n) + ((1 – tact(n))/T) . Isleep      
(5) 
 
where Isleep is the current in the sleep mode while the 
term (tact(n)/T) actually represents the duty cycle of the 
ZigBee device.  From equation (3), (4) and (5) we can 
say that to reduce current drain or power consumption 
we need to tweak following major contributing 
parameters: 
1. Increasing the tsleep  
2. Reducing the ttx(n) (number of bytes) 
3. Reducing the Itx 
 
VI.  ENERGY CONSERVATION METHODS 
 
In this section we will analyze that by tweaking 
application layer parameters ZigBee communication 
can be made more efficient for smart metering 
implementation. Two objectives real time information 
of energy consumption and interoperability have been 
emphasized while analysis.  

 
1. Low duty cycling of transceiver i.e. tsleep>>ttx(n) 
In this approach transceiver is put in long sleep 
periods , between successive transmissions. For smart 
meter reporting to hub it can be interpreted by figure 
shown below. 

 
Fig. 5.  Fixed low duty cycling 
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Advantages: 
 Avoids data redundancy if energy consumption is 

stable. 
 As from equation (2), significantly reduces the 

current consumption, higher tsleep reduces the duty 
cycle. 

Limitations: 
 There is a latency in real time consumption display 

to user and false representation during sleep state 
of transceiver thus it doesn’t meet the key 
objective of smart metering. 

 Any query from hub side to meter has to wait till 
next wakeup time of meter.  

2. Adaptive sleep i.e. tsleep>>ttx(n) 
 

To overcome the limitations of above stated fix duty 
cycle approach, the adaptive sleep as suggested in can 
be used. In adaptive sleep, the device on basis of 
measurement and certain predefined thresholds can 
adapt sleep/wakeup periods i.e. dynamic duty cycling 
according to operating conditions. To apply this 
technique to smart metering application, we need to 
consider the average load demand pattern of a 
household as shown in Fig. 3.  

 
Fig. 6.  Average load pattern of typical household 

 
Circle marked in Fig. 3 are the steady energy 
consumption hours of day thus duty cycle of energy 
consumption reporting to data hub can be reduced in 
these hours. Below fig. shows the approach 
graphically. 

 
Fig. 7.  Adaptive duty cycling 

 
Advantages: 

 Avoids data redundancy if energy consumption is 
stable. 

 As from equation (2), significantly reduces the 

current consumption. 
 No latency in data reporting if energy consumption 

is dynamic. 
Limitations: 
 No energy saving if the energy consumption or load 

demand is highly dynamic. Thus uncertainty is 
always associated. 

 Any query from hub side to meter during steady 
hours has to wait till next wakeup time of meter.  

3. Data reduction by prediction  i.e. ttx(n) reduction 
Data prediction techniques build a model describing 
the sensed phenomenon, so that queries can be 
answered using the model instead of the actually 
sensed data. There are two instances of a model in the 
network, one residing at the meter and the other at 
data-hub or IHD node. The model at the data-hub can 
be used to answer queries without requiring any 
communication, thus reducing the energy 
consumption. Clearly, this operation can be performed 
only if the model is a valid representation of the 
phenomenon at a given instant. Here comes into play 
the model residing at meter node, which is used to 
ensure the model effectiveness. To this end, sensor or 
meter nodes just sample data as usual and compare the 
actual data against the prediction. If the sensed value 
falls within the predefined tolerance, then the model is 
considered valid. Otherwise, the meter node may 
transmit the sampled data and/or start a model update 
procedure involving the data-hub as well. The features 
of a specific data prediction technique depend on the 
way the model is built. One of the data prediction 
techniques is time series forecasting, where a set of 
historical values (the time series) obtained by 
periodical samplings are used to predict a future value 
in the same series. Generally, a time series can be 
represented as a combination of a pattern and a 
random error. The pattern, in turn, is characterized by 
its trend, i.e. its long-term variation, and its 
seasonality, i.e. its periodical fluctuation. Once the 
pattern is fully characterized, the resulting model can 
be used to predict future values in the time series. Thus 
for metering application, load curve as shown in Fig. 5 
can be characterized for different seasons and can be 
used to predict the energy consumption.   

 
Fig. 8.  Data prediction and skipped transmission 

Advantages: 
 Avoids data redundancy thus reduces the data 

transmissions. 
 As from equation (2), significantly reduces the 
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current consumption. 
Limitations: 

 This approach does not meet the interoperability 
requirement of smart metering equipments. 

 
The above approach, data reduction by prediction is 
the most power efficient approach. To make it 
interoperable needs modification in ZigBee smart 
energy profile (ZSEP). The Smart Energy Profile has 
been developed by ZigBee alliance to allow ZigBee 
low-power wireless networks to support 
communication between smart meters and products 
that monitor, control, and automate the delivery and 
consumption of electricity and other utilities. This 
profile consists of a set of Application Objects and an 
Application Support Sub layer (APS) that reside on 
top of the ZigBee Network layer protocol stack as 
shown in figure 9. They work in conjunction with the 
device-dependent ZigBee Device Object (ZDO) code 
to support a collection of application-specific features 
and commands, known as a Function Set. 

 

 
Fig. 9.  ZigBee smart energy profile at application layer 
 

The existing SEP profile’s Function Sets are primarily 
intended to support the functional requirements of 
smart meters used by electric, gas and water utilities to 
manage their distribution networks, automate their 
billing processes, and communicate with customers’ 
energy management systems. If function set related to 
data modeling and exchange of data model & 
correction can be added to smart profile then ZigBee 
communication for smart meters would be more 
efficient as transmitting data size will be reduced, 
transceiver sleep time will be increased for adequate 
load demand model. 
 
 
 
 
 
 
 
 
 
 
 
 

CONCLUSION 
 
Smart metering solutions integrated with home 
automation systems offer number of opportunities to 
consumers as well as suppliers to conserve and 
efficiently utilize energy. Radio communication, the 
backbone of smart metering, must be smart and energy 
efficient to facilitate the overall solution to achieve its 
objectives i.e. real time consumption information and 
demand-supply management. In this paper we have 
analyzed that by tweaking application interfacing 
parameters like adaptive duty cycling of transceiver 
results in significant energy saving for 
communication without compromising the quality of 
service.  We have also seen that modifying the ZigBee 
smart energy profile for data modeling and prediction 
approach will radically reduce the energy 
consumption and will extend the battery life of smart 
meters.   
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