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1.  Introduction

Smart grid is the most radical technology of contemporary 
era. An electric ‘Grid’ is a network that carries electricity 
from power plants to customers. The grid is made ‘smart’ 
or ‘intelligent’ as it can monitor and control the entire 
distribution system. Smart Grid is an automated and 
broadly distributed energy generation, transmission and 
distribution network. It is characterized by bidirectional 
flow of electricity and information. It is a close loop 
system for monitoring and response. Supervisory Control 
and Data Acquisition (SCADA) system is an integral part 
of Smart Grid system. Integration of renewable energy 
resources will lead to reduced carbon footprint and 
emissions1,2. Smart Grid can be defined in various ways 
as per its functional, technological or beneficial facets. As 

per the definition given by U.S. department of energy3, “A 
smart grid uses digital technology to improve consistency, 
security, and efficiency (both economic and energy) of 
the electric system from large generation, through the 
delivery systems to electricity consumers and a growing 
number of distributed-generation and storage resources.” 
Smart grid technology ensures reliable, efficient, resilient 
and advanced energy distribution system with enormous 
features. It is an intelligent power grid with integration 
of various alternative and renewable energy resources by 
using automated monitoring, data acquisition, control 
and emerging communication technologies. Application 
of diverse set of communication standards requires 
analysis and optimization depending upon requirements. 
These requirements can be decided on the basis of 
area of coverage, application, bandwidth requirement, 
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security aspects etc. Hierarchical communication 
networks can be characterized as Home Area Networks 
(HANs), Neighbourhood Area Networks (NANs) and 
Wide Area Networks (WANs) as per the applications 
of communication technologies at various levels of 
deployment of smart grid. The proposed prototype is 
designed for the management of energy distribution 
in HAN. A consumer can choose the type of source 
manually or it can be automatically changed on the basis 
of load requirement. The prototype is developed for data 
logging as well as control purpose. 

2.  �Concept of IEEE 802.15.1 
based Smart Power System for 
Home Area Network

Smart home system comprises of renewable energy sources, 
consumer appliances, and communication network 
with smart sensors. Smart Grid technology is beneficial 
for consumer in many aspects such as monitoring and 
control of energy usage, time of the day billing cycle, 
remote control of appliances, and completely secured 
home automation. Plug in hybrid electric vehicle can also 
be used with battery storage facility in home microgrid 
system. Consumer electronics appliances communicate 
their energy consumption statistics to central or main 
home monitor and regulator or smart meter. Central 
regulator or smart meter sends it to the central electricity 
grid for monitoring, control, fault detection and billing 
purposes. Consumer has a choice to operate on a specific 
energy source for optimization of billing cycle and energy 
usage. Moreover, intermittent behaviour of renewable 
energy resource demands for other alternatives of power 
system. The Home Area Networks (HANs) ranges for the 
coverage area of few meters. IEEE 802.15.1 (Bluetooth), 
IEEE 802.15.4 (Zigbee), IEEE 802.11 (WLAN/Wi-Fi), 
IEEE 802.16 (WiMAX) etc. technologies and standards can 
be used for Home area networks4-8. The proposed system 
uses Bluetooth protocol. Bluetooth is a short distance 
wireless communication technology based on IEEE 
802.15.1 standard 8-10. It uses short wavelength wireless 
transmission in the unlicensed Industrial, Scientific and 
Medical (ISM) band from 2400 MHz to 2480 MHz. It uses 
frequency hopping spread spectrum (FHSS) technology 
with around 1600 hops per second. Its key features are 
extensive availability, low power consumption and rapid 

data exchange. Bluetooth was initially developed in 1994 
by Ericsson and then a group of firms formed a special 
interest group to retain and improve this technology. 
There are two network topologies used in Bluetooth 
which are termed as Piconet and Scatternet. Piconet is a 
Personal Area Network in which one wireless client acts 
as a master and additional wireless clients serve as slaves. 
Maximum eight devices can communicate with each 
other in one Piconet. Scatternet is a group of Piconets. 
Bluetooth is used for communications between smart 
consumer appliances, energy management system and 
smart meters. It has peak data throughput of 1 Mbps, 
79 radio frequency channels, and channel bandwidth 
of 1 MHz. It has a nominal range of around 10 to 100 
meters11-13.

3.  �Comprehensive Design of 
Proposed Prototype

The developed prototype is designed for smart power 
system. It consists of load operating on grid, solar 
photovoltaic system or battery. The behavior of proposed 
system is wirelessly monitored and controlled by user. 
Figure 1 shows the block diagram of developed prototype.

Figure 1.    Block diagram of developed prototype.

The designed prototype is developed for data 
acquisition and control purpose. It uses IEEE 802.15.1 
standard for short distance wireless communication. The 
prototype is controlled by ATMEGA28P microcontroller. 
In the proposed energy management prototype, three 
energy sources are considered. Depending upon the 
threshold current value, the load will be switched 
between grid, solar PV or battery. The sensors use Hall 
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Effect principle. Sensitivity of ACS 712-30A sensors 
used in the prototype is 66 mV/A. Microcontroller 
controls the switching operation through relay module. 
HC-05 is a Bluetooth serial port protocol module which 
communicates with user terminal. Serial port Bluetooth 
module is highly competent Bluetooth V2.0 + EDR 
(Enhanced Data Rate) of 3 Mbps. It works in 2.4 GHz 
ISM (Industrial, Scientific and Medical) band which 
is an unlicensed band. Figure 2 and Figure 3 show the 
circuit diagram as well as snapshot of actual readings of 

prototype respectively.
The proposed prototype can work in both automatic 

as well as manual mode. In automatic mode, load will 
be served and switched on the basis of sensed threshold 
current value set by the user. During manual mode, the 
user can select any one system to serve the load. The 
system is working successfully in the range of around 
50-60 meters. User can receive, monitor the data and 
control the system on serial terminal. Figure 4 shows the 
flow charts of wireless remote monitoring and control 

Figure 2.    Circuit diagram of the system to be monitored and controlled.

Figure 3.    Snapshot of monitoring and control operation of proposed prototype.
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Figure 4.    Flow charts for (a) energy monitoring and (b) control of prototype.
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of developed energy management system. The data is 
received serially on user terminal and the commands are 
executed accordingly. 

This design can also be used for solar rooftop system 
with some minor modifications. The DC microgrid is 
considered for the proposed prototype. For AC microgrid, 
an inverter can be used for conversion. User can decide 
to operate on either manual or automatic mode. The 
design for energy management system can be explored 
with other communication standards depending upon 
applications and necessities12-14.

4.  Conclusion

Home energy management system is an integral part 
of revolutionary Smart Grid technology. The proposed 
system uses solar PV as a renewable energy source. The 
system can be extended by exploration of various other 
sources of renewable energy such as wind, biogas, and 
hydropower as well as for mesh networks. The proposed 
design uses low power communication protocol for 
home applications. The advantage of using IEEE 802.15.1 
is its extensive market penetration and availability. 
It provides simple and energy efficient solution to 
consumers. The developed prototype is expected to serve 
as an experimental demonstration tool to study smart 
microgrid behavior. The prototype can be implemented 
using different communication protocols on the basis 
of technical requirements such as security, data rates, 
coverage area and type of application. Future work 
includes development of energy monitoring and control 
system for industrial network applications.
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