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Abstract: Smart grid the next generation electric power system is effective way of digital transmission of electricity. It is a digital
technology that allows two way communications between utility and customers. We provide a system model that will monitor critical
asset parameters such as current, voltage and temperature. A smart grid sensor is a small, low cost lightweight node that serves as a
detection station in a sensor network. These sensors enable the remote monitoring of equipment such as transformers and power lines.
They are improving the performance and extending the life of grid components to ensure a safe and reliable operation of the electricity
network. Use of ZigBee based communication protocol make system more reliable. A lot of research is now going on the various issues
and challenges on the real monitoring of power line parameters using smart grid based sensors. The used of smart grid for real time
monitoring of power line parameters is the now become interest of research. This paper discussed network architecture and different
design aspects for implementation of smart grid based monitoring network using smart sensors.
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1.Introduction

Today’s electrical infrastructure has remained unchanged for
about a hundred years. The components of the grid are near
to the end of their lives. While the electrical grid has been
ageing, the demand for electricity has gradually increased.
According to the U.S. Department of Energy report, the
demand and consumption for electricity in the U.S. have
increased by 2.5 % annually over the last twenty years [1].
Today’s electric power distribution network is very complex
and ill-suited to the needs of the twenty-first century. Among
the deficiencies are lacks of automated analysis, poor
Visibility, mechanical switches causing slow response times,
lack of situational awareness, etc. These have contributed to
the blackouts happening over the past 40 years. Some
additional inhibiting factors are the growing population and
demand for energy, the global climate change, equipment
failures energy storage problems, the capacity limitations of
electricity generation, one-way communication, decrease in
fossil fuels and resilience problems [4]. Also, the greenhouse
gas emissions on Earth have been a significant threat that is
caused by the electricity and transportation industries
[5].Consequently, a new grid infrastructure is urgently
needed to address these challenges. To realize these
capabilities, a new concept of next generation electric power
system, the smart grid, has emerged. The smart grid is a
modern electric power grid infrastructure for improved
efficiency, reliability and safety, with smooth integration of
renewable and alternative energy sources, through automated
control and modern communications technologies [1], [10].
Renewable energy generators seem as a promising
technology to reduce fuel consumption and greenhouse gas
emissions [6]. Importantly, smart grid enabling new network
management strategies provide their effective grid integration
in Distributed Generation (DG) for Demand Side
Management and energy storage for DG load balancing, etc.
[7], [8]-Renewable energy sources (RES) are widely studied
by many researchers [9] and the integration of RES, reducing
system losses and increasing the reliability, efficiency and
security of electricity supplies to customers are some of the
advances that smart grid system will increase [11]. Different

components of the system are linked together with
communication paths and sensor nodes to provide
interoperability between them, e.g., distribution, transmission
and other substations, such as residential, commercial and
Industrial sites. In the smart grid, reliable and real-time
information becomes the key factor for reliable delivery of
power from the generating units to the end-users. The impact
of equipment failures, capacity constraints, and natural
accidents and catastrophes, which cause power disturbances
and outages, can be largely avoided by online power system
condition monitoring, diagnostics and protection [1]. To this
end, the intelligent monitoring and control enabled by
modern information and communication technologies have
become essential to realize the envisioned smart grid [1],
[13].

2.Smart Grid

Smart Grid (SG) is defined as the power grid integrated with
a large network. The SG is the combination of billions of
smart objects: smart appliances, smart meters, actuators and
sensors. The term grid is used for an electricity system that
may support all or some of the following four operations:
electricity generation, electricity transmission, electricity
distribution, and electricity control.

A smart grid (SG), also called smart electrical/power grid,
intelligent grid, intelligrid, future grid, intergrid, or intragrid,
is an enhancement of the 20th century power grid. The
traditional power grids are generally used to carry power
from a few central generators to a large number of users or
customers. In contrast, the SG uses two-way flows of
electricity and information to create an automated and
distributed advanced energy delivery network. By utilizing
modern information technologies, the SG is capable of
delivering power in more efficient ways and responding to
wide ranging conditions and events. Broadly stated, the SG
could respond to events that occur anywhere in the grid, such
as power generation, transmission, distribution, and
consumption, and adopt the corresponding strategies. In
general, ZigBee offers better capabilities over Wi-Fi with
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Respect to energy consumption in sensor based mesh
network. Even though ZigBee has low data rate. When co-
existing with Wi-Fi, it is proposed by many Researchers in
various applications of SG where urgent and critical Data
demand 1is notcrucial [14]. Based on these researchers, the
communication back bone of the SG which links the DR
Gand the control center should be wired-line. Testing
company have tested ZigBee implementation in solar, wind,
and also home energy management system where in general
no significant interference with other transmission and power
signal is detected. However, there are some researches that
have addressed the Interference problem between ZigBee and
Wi-Fi and have it resolved. A delay sensitive data of wind
turbine are Monitored through ZigBee-Wireless Sensor (WS)
for ensuring that DRG detects the in accuracyies of the
system. The performance Of 15 ZigBee WSN nodes is an
alyzedunder different spectrum Environments and concluded
based on statistical analysis that ZigBee —WS can only be
utilized in lower requirement of data rate and power
application of SG [14]. It has proposed smart energy
distribution and management system where ZigBee is
particularly used for controlling and remotes consumer side
load. ZigBee in addition to Wi-Fi, 3Gand Power Line
Communication (PLC) are wused for maintaining
communication between appliances. ZigBee based home
automation System or smart home monitor in ghas already
been implemented few years before and found flexible,
effective, feasible, and secured. ZigBee for demand response
can meet the real-time data import service requirement in
build in automation. ZigBee based embedded technology has
achieve deficient Monitoring and transmission system where
different parameters in industrial application are measured
namely; vibration, temperature, electricity, and gas sensing.
Similar demand response under home energy management
system is implemented and evaluated practically in Spain
where one of the communication modesis ZigBee. We are
motivated by this trend of using ZigBee technology to
consider it .The goal of unique vision of smart transmission
grid is to promote technology innovations to deliver reliable,
flexible, continuous, inexpensive and sustainable electric
power to consumers. It also provides some of the important
features such as:

i. Greater flexibility in monitor, operation and expansion.
ii. Development in embedded intelligence.

iii.  Sustainability and reliability of the grids.

iv. Improve customer benefits.

v. Provides quality of service.

3.Zigbee

ZigBee was developed by the ZigBee Alliance, a world-wide
industry working group that developed standardized
application software on top of the IEEE wireless standard. So
it is an open standard. The power measurement application
encompasses many services and appliances within the home
and workplace, all of which need to be able to communicate
with one another. Therefore, open standards architecture is
essential. Open standards provide true interoperability
between systems. Open standards also help to future-proof
investment made by both utilities and consumers. Using an

open protocol typically reduces costs implementing: there are
no interoperability problems to solve, and manufacture costs
tend to be lower .ZigBee also provides strong security
capabilities to prevent mischief, and is extremely tolerant
interference from other radio devices, including Wi-Fi and
Bluetooth. ZigBee- enabled meters form a complete mesh
network so they can communicate with each other and route
data reliably and the ZigBee network can be easily expanded
as new homes are built or new services need to be added.
Zigbee modules feature a UART interface, which allows any
microcontroller or microprocessor to immediately use the
services of the Zigbee protocol. All a Zigbee hardware
designer has to do in this case is ensure that the host’s serial
port logic levels are compatible with the XBee’s 2.8- to 3.4-
V logic levels. The logic level conversion can be performed
using either a standard RS-232 IC or logic level translators
such as the 74LVTH125 when the host is directly connected
to the XBee UART. The X- Bee RF Modules interface to a
host device through alogic-level asynchronous Serial port.
Through its serial port, the module can communicate with
any logic and voltage Compatible UART; or through a level
translator to any serial device. Data is presented to the X-Bee
module through its DIN pin, and it must be in the
asynchronous serial format, which consists of a start bit, 8
data bits, and a stop bit. Because the input data goes directly
into the input of a UART within the X-Bee module, no bit
inversions are necessary within the asynchronous serial data
stream. All of the required timing and parity checking is
automatically taken care of by the X-Bee’s UART.

4.Zigbee vs Bluetooth

Table 1: Bluetooth

e Targets medium data rate continuous duty

e 1Mbps over the air,700kbps best case data transfer

e Battery life in days only

o File transfer, streaming telecom audio

e Point to multipoint networking

e Network latency(Typical)

e New slave enumeration-20s

o Sleeping slave changing to active -3s

e Uses frequency hopping technique

Table 2: ZigBee:

e Targets low data rate ,low duty cycle

e 250Kbps over the air,60-115Kbps typical data transfer

o Long battery life(in years)

e More sophisticated networking best for mesh networking

e Network latency (typical)
e New slave enumeration

o Sleeping slave changing to active

e Mesh networking allows very reliable data transfer

o Uses direct spread spectrum technique

e 2to 65535 devices per network

e SIMPLE PROTOCOL

ZigBee is a wireless communications technology that is
relatively low in power usage, data rate, complexity and cost
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of deployment. It is an ideal technology for smart lightning,
Energy monitoring, home automation and automatic meter
Reading, etc. ZigBee and ZigBee Smart Energy Profile
(SEP) Have been realized as the most suitable
communication standards for smart grid residential network
domain by the U.S National Institute for Standards and
Technology (NIST) [18]. The communication between smart
meters, as well as among intelligent home appliances and in
home displays, is very important. Many AMI vendors, such
as Itron, Elster, and Landis Gyr, prefer smart meters, that the
ZigBee protocol can Be integrated into. ZigBee integrated
smart meters can communicate with the ZigBee integrated
devices and control them. ZigBee SEP provides utilities to
send messages to the home owners, and home owners can
reach the information of their real-time energy consumption.

4.1 Advantages

ZigBee has 16 channels in the 2.4 GHz band, each with 5
MHz of bandwidth. 0 dBm (I mW) is the maximum output
power of the radios with a transmission range between 1 and
100 m with a 250 Kb/s data rate and OQPSK modulation.
ZigBee is considered as a good option for metering and
energy management and ideal for smart grid implementations
along with its simplicity, mobility, robustness, low bandwidth
requirements, low cost of deployment, its operation within an
unlicensed spectrum, easy network implementation, being a
standardized protocol based on the IEEE standard . ZigBee
SEP also has some advantages for gas, water and electricity
utilities, such as load control and reduction, demand
response, real-time pricing programs, real-time system
monitoring and advanced metering support.

4.2 Disadvantages

There are some constraints on ZigBee for practical
implementations, such as low processing capabilities, small
memory size, small delay requirements and being subject to
interference with other appliances, which share the same
transmission medium, license-free industrial, scientific and
medical (ISM) frequency band ranging from IEEE wireless
local area networks (WLANs), WiFi, Bluetooth and
Microwave . Hence, these concerns about the robustness of
ZigBee under noise conditions increase the possibility of
corrupting the entire communications channel due to the
interference in the vicinity of ZigBee. Interference detection
schemes, interference avoidance schemes and energy-
efficient routing protocols, should be implemented to extend
the network life time and provide a reliable and energy-
efficient network performance.

5.Proposed System

The Hardware
sections:

implementation divided into following

» Microcontroller — Arduino Mini Pro
» ZigBee — S1/S2 Series module

» Current Sensor

» Voltage Sensor

» 16x2 LCD Display

» Relay and driver IC ULN 2803

current Lt _V(—‘M LCD Display
sensor 1
Micro-
controller Relay driver &
relay
voltage
sensor E:> |::>. Zighee module

PC - Zighee module

Figure 1: Complete block diagram of proposed system

The hardware description as follows:

Microcontroller — Arduino Mini Pro:

The microcontroller is a complete microprocessor system
built on a single integrated circuit. Microcontrollers were
developed with the purpose to build a complete
microprocessor system that substantially reduces the cost of
building simple products. Microcontrollers are named as they
perform control functions. The microcontroller is very
commonly used in variety of intelligent products. The
Arduino Pro Mini is an ATmegal68 based microcontroller
board has 14 digital input/output pins (of which 6 can be
used as PWM outputs), 8 analog inputs, an on-board
resonator, a reset button, and holes for mounting pin headers.
The board can be connected to the PC using USB port and
the board can runs on USB power.There are two version of
the Pro Mini. One runs at 3.3V and 8 MHz, the other at 5V
and 16 MHz

5.1 ZigBee — S1/S2 Series module:

These are very popular ISM 2.4GHz ZigBee modules. These
modules take the 802.15.4 stack (the basis for ZigBee) and
wrap it into a simple to use serial command set. S1 series
modules work on protocol & S2 series work on ZIGBEE
protocol. You cannot mix S1 with S2. ZigBee modules can
give communication range of 30 meters indoor or 100 meters
outdoor.

Features:

3.3V, 40mA

250kbps Max data rate
2mW output (+3dBm)
4001t (120m) range
Built-in antenna

Fully FCC certified

6 10-bit ADC input pins
8 digital 10O pins

128-bit encryption
Local or over-air configuration
AT or API command set
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5.2 ASC Current Sensor

Sensing and controlling current flow is a fundamental
requirement in a wide variety of applications including, over-
current protection circuits, battery chargers, switching mode
power supplies, digital watt meters, programmable current
sources, etc. One of the simplest techniques of sensing
current is to place a small value resistance (also known as
Shunt resistor) in between the load and the ground and
measure the voltage drop across it, which in fact, is
proportional to the current flowing through it.

5.3 16X2 LCD display

LCD (Liquid Crystal Display) screen is an electronic display
module and find a wide range of applications. A 16x2 LCD
display is very basic module and is very commonly used in
various devices and circuits. These modules are preferred
over seven segments and other multi segment LEDs. The
reasons being: LCDs are economical; easily programmable;
have no limitation of displaying special & even custom
characters (unlike in seven segments), animations and so on.

5.4 ULN2003 Relay driver

The ULN2003A is an array of seven NPN Darlington
transistors capable of 500 mA, 50 V output. It features
common-cathode fly back diodes for switching inductive
loads. It can come in PDIP, SOIC, SOP or TSSOP
packaging. In the same family are ULN2002A, ULN2004A,
as well as ULQ2003A and ULQ2004A, designed for
different logic input levels.

Features:

* 500-mA-Rated Collect or Current (Single Output)
* High-Voltage Outputs: 50 V

* Output Clamp Diodes

* Inputs Compatible With Various Types of Logic
* Relay-Driver Applications

6. Conclusion

The information technology infrastructure used to control the
several assets and infrastructure layers of the Smart Grid
plays an important role in the Layered Smart Grid. A
criterion to a suitably choice was to look for the information
technology infrastructure being less information and
processing demanding. Several field tests were carried out in
order to test the operability of the existing information
technologies already available in the market, particularly this
paper reports on the ZigBee standard. The field tests allow
concluding that the ZigBee standard information technology
is a more powerful one than the existing Smart Grid scientific
literature proposals, showing enough stability and reliability
in order to perform as the convenient choice for the
information technology in order to control the Layered Smart
Grid architecture.
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