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Abstract- In this paper we have reported the system
for design as well as development of a smart
monitoring And controlling system for household
electrical appliances in real-time. The system
basically monitors electrical parameters of household
appliances like voltage and current and subsequently
calculates the power consumed by the system. The
goodness of system is the implementation of the
controlling mechanism of appliances in various ways.
The developed system is of low-cost and very
flexible in operation and thus can save electricity
expense of the end consumers. The prototype has
been extensively tested in real- life situations and
experimental results are very good.

Keywords—Wireless sensor network (WSN),
Raspberry Pi (Rpi); Zigbee ; Embedded
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I. INTRODUCTION

IT is always seen that service and personal care
wireless mechatronic systems is very essential at
home in the near future and become very useful in
assistive for the people who are elder and disable
for their Health care. this system is consist of the
various types of specially distributed wireless
sensors but having limited data collection and data
processing capability to monitor the environmental
parameter.

Wireless sensing network (WSNs) have the ability
to to monitor as well as control the situational
information for various intelligent service so day by
day the demand for wireless sensor networks(WSNs)
goes on increasing. Also for the field like Industry

military, environment, healthcare, agriculture
WSNs can be applied for various important
applications.

For energy controlling Service at home the WSNs
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are being used rapidly like regular appliances used in
housing hold are being monitored and controlled very
efficiently.

The cutting —edge advancements of new technology
of WSNs are sensing, metering transmission of data
distribution of data and storage of electricity. Also it
work for providing new
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Information and flexibility to both consumers and
providers of electricity. The Zigsbee union,
wireless communication platform is working on
the examination of newly adopted

System by japan for home wireless system
implication byhaving an initiative with the
developed Japan’s Government. [tWill closely
analyse upcoming ZigBe Internet Proto-col (IP)
specification and related things, and the [EEE
802.15.4g Standard to complete the aim of Japan
to generate smarthomes that can improve energy
management and efficiency.

The is expectation is that 65 million households
will equip with smart Meters by 2015 in the
United States for the efficient use of electricity,
and it is a practical estimate of the

Size of the home energy management market.
Several ways are exist to interconnect various
domestic Appliances with the help of wireless
networks to monitor and control such a advanced
system. The smart metering design is as per the
specific requirement considering the smart meter
systems relating with the geographical area and
they are limited according to specific places.
Practically various kind s of testing are done in
residential flats for the minimum power
utilization by integrating the Different information
and communication technologies and very
specially designed smart meter devices but still
the individual monitoring and control of the
devices are limited to houses specifically.

II. AUTOMATED POWER
MANAGEMENT SYSTEM

A. Basic System
For data conversion we are using the MCP3008 as

a data converter. The conversion of data from
analog input from different type of sensors in to
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digital output which is fed to ARMI1 which is
further going to display on the designed webpage.
The Microchip Technology Inc. MCP3004/3008
devices have successive approximation of 10-bit
Analog to- Digital (A/D)
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converters and also have the on-board sample and
hold circuitry to perform the necessary operation.
The MCP3004 is programmable to get the two
pseudo-differential input pairs for four single-ended
inputs. The MCP3008 is programmable to provide
more than one i.e four pseudo-differential input
pairs or eight Single-ended inputs. Differential
Nonlinearity (DNL) and Integral Nonlinearity (INL)
are specified at £1 LSB. Communication with the
devices is done by using the using a simple serial
interface which is compatible with the SPI protocol.
The devices are capable to converts the data rate up
to 200 kbps. The MCP3004/3008 devices is
operational over a broad voltage range (2.7V -
5.5V). Low-current design allow the operation to
typical standby currents of only 5 nA and typical
active currents of 320 pA. The MCP3004 is offered
in 14-pin PDIP, 150 mil SOIC and TSSOP
packages, while the MCP3008 is offered in 16- pin
PDIP and SOIC packages.

The first generation product of Raspberry Pi chip
supports up to 700 MHz by default configuration
and also having the advantage of that it did not
become get hot up to that extent that to need a heat
sink or special cooling system to enhance the
performance, yet to overclock the chip. The second
generation Raspberry Pi runs at 900 MHz by default,
and also does not become hot enough to need a heat
sink or special cooling. Again over clocking may
heat up the SoC more than usual.
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Figure 1: Basic Block Diagram.

B. System Description

The objective of the system is to measure the
electrical parameter of the particular system and
control the use of electricity to save the electricity up
to great extent thus using this system we can measure
the electrical Parameters of household appliances.
The important functions

Of the developed system is the ease of modelling,
setup, and use. Electrical power consumption of
various appliances in a house along with supply
voltage and current is the key parameter, with respect
to view of the customer. .Fig. 1 shows the functional
description of the developed system to monitor
electrical parameters and control appliances based on

the
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consumer requirements. The measurement of
electrical parameters of home appliances with the
help of different modules used in the system. Is
done by the various interfaces of the fabricated
sensing modules. The details of the designand
development of the sensing modules is as per the
below explain method. The output signals from
the sensors are integrated and connected to XBee
module the purpose of this is the transmitition of
electrical parameters data over wirelessmedia.

The mesh topology is created to take advantages
of the reliable data reception at a centralized
ZigBee coordinator it is achieved by interfacing
the The XBee modules with various sensing
devices.. The maximum distance kept between the
adjacent ZigBee nodes is less than 10 m, and
through hopping technique of the mesh topology,
and reliable sensor fusion data has been
performed by hopping technique of the mesh
topology created.

Website Based -
Command/Monitorin Mains
| g | Power Home
— Supply S~ Electrical
Residential Beices
IP Gateway f /
II \\ r Measurement
of Electrical
ZigBee V Parameters
Coordinator
Control of
Home
PC-GUI-Based Appliances
Command/Monitoring

Figure 2: Architecture of System.

1) Raspberry Pi

Raspberry Pi is used as the controller of
coordinator node in this proposed system as the
use of Raspberry by is very efficient. The
advantages of the Raspberry Pi is that it is is the
small, cheap and a very good minicomputer.

The continuous collection of the information is
done by the Rip to send the by Sensor nodes used
in the system

Volume XIII, Issue I, 2021

109

January

ISSN: 2057-5688

Through ZigBee protocol and also it processes the
large quantity of data timely and available for
users to view.

2) End device sensor node

The electrical parameters are sensed by Sensor
node wused here. It is designed using
microcontroller board. It consists of the ZigBee
based radio transceiver, power supply unit,
moisture and electrical parameter sensor.
Temperature sensors, and data logger for
temporary storage. It senses the electrical
parameter at one-minute intervals and will be send
back to the coordinator node via the ZigBee
protocol. The system monitoring and the control is
depends on the values sense by the end sensor.
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3)ZigBee

The ZigBee is the protocol for wireless

communication and which is based on the
underlying protocol IEEE 802.15.4, controlling
layer for media access and network physical layer
is defined by it, while ZigBee defines the network
layer, application layer and specifications of the
network security services.

APL :u—
ﬁ APS ) il .
; B &
MAC ﬁg ‘E
BSP | HAL | 1]
mwo | M
e

[ user application
[ core stack
D Shared, low-level sarvices

Figure. 3: IEEE 802.15.4 ZigBee stack
standard.

ZigBee is described by referring to the 7-layers of
the OSI model for layered communication systems.
The Alliance specifies the bottom three layers
Physical, Network, and Data link, as well as
Application Programming Interface that allows end
developers have the ability to design custom
applications that use the services provided by the
lower layers.

4) Database and web server

In this system we have designed the database
based on MySQL which is installed on Rpi.
For web application MySQL is popular choice of
database i. MySQL is also termed as or refer as the
relational database management system. And main
feature is that It is open source software. Database
stores the electrical parameter information sent by
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sensor node for sensing the electrical parameter. And
for monitoring the system it provides the information
to the webpage

5)Sensors
a) Thermocouple:

It is a type of temperature sensor which is used to
collect the field data, which is form by joining two
dissimilar metals at one end. The sensor is as shown
in fig-4 The joined end is referred to as the HOT
JUNCTION. The other end of these dissimilar metals
is called as the COLD END or COLD
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JUNCTION. The cold junction is actually formed
at the last point of thermocouple material.

The small voltage is created only when there is
the temperature difference between the hot
junction and cold junction.

. This voltage is referred to as an EMF (electro-
motive force) and it can be measured and in turn
used to indicate temperature.

Figure 4: Thermocouple
b) Thermistors:

Similar to the RTD there are some similar
type of the sensor one of which is the
thermistor it is a temperature sensing device
whose resistance changes with temperature.
Depending upon the values of the resistance it
indicates the values of the electrical parameter
on display Thermistors are made from
semiconductor  materials. Resistance s
determined in the same manner asthe RTD but
there is change in there linearity
characteristics, thermistors don’t have a linear
resistance vs. temperature curve. Thus, as
convey early thermistors operating range we
can see a large resistance change for a very
small temperature change that is due to their
non- linearity characteristics. So the
sensitivity of the RTD is very high and it is
that’s why a highly sensitive device and ideal
for set-point applications.

¢)LM35 Temperature Sensor
Calibrated directly in ° Celsius

(Centigrade) Rated for full | —55°
to +150°C range

Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts Low self-
heating,

d) Introduction to Raspberry pi
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The Raspberry Pi has low cost credit size
minicomputerwhich has now become popular with
respect to his features.

Measuring Reference
JAncilen [Hot) Junetion (Cold)
!
< -I".
o
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The Raspberry is the cheap low power arm 11 based
microcontroller operating at 700MHz frequency and
having the 512 megabytes (MB) of RAM memory.
Fig.5. shows the picture of Raspberry Pi.

Features of the
Raspberry Pi

Raspberry Pi(Model B+) has Mounting
Points and512MB RAM.

Integrated Video core 4 Graphics GPU
capable ofplaying Full 1080p HD Video.

4 x USB Ports.

Board Power Draw: 600mA.

HDMI Video Output.

10/100Mb Ethernet Port for Internet.

Flash Memory Card Slot (Micro SD).

40-pin 2.54mm Header Expansion Slot,
Whichallow for peripherals and expansion
boards

e Dimensions 85 x 56 x 17mm.

eexternal memory card with rasbian wheezy

imagesare used to boot The Raspberry Pi

GPIO HEADERS RCA VIDEO OUT

D5 DISPLAY
CONNECTOR

S0 CARD SIOT
[BACK OF BOARD)

MICRO USE POWER
{5V 1A DT}

BROADCOM
BCM2Z835
ARMITI FOOMHZ

C5I CONNECTOR
CAMERA

ETHERNET OUT

ONLY ON 256448 MODELS

HDMI OUT

Figure 5: Raspberry Pi.

[II. POWER MANAGMENT OPERATION
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computer system for further analysis and decision.
Then we can get the data and collected sensor
fusion data have been sent to an internet residential
gateway for the purpose of the remote monitoring
and controlling the home environment. By
calculating and analysing the power from the
system. Then we can decide the limit of energy
consumption and energy consumption can be
controlled. An electricity tariff plan has been set
up to run various appliances at the varying level
of peak first and then

For the connection between the ZigBee coordinator
and host computer is interface with standard of the
USB cable which stores the data into a database of

Volume XIII, Issue I, 2021 112

January http://ijte.uk/



TECHNO-ENGINEERING

gl

IJTE

off-peak tariff rates to control the consumption. The
appliances are controlled either automatically or
manually depending upon the choice of the user
(local/remotely). The smart power metering circuit is
connected to mains 240 V/50 Hz supply. Fig. 2
shows different appliances connected to the
developed smart sensing system

Figure 6: system flowchart
IV. EXPERIMENTAL TEST RESULTS

The prototype is in operation in a trial home with
various electrical appliances regularly: room heaters,
microwave, oven, toasters, water kettle, fridge,
television, audio device, battery chargers, and water
pump. Total ten different types of electrical
appliances are used in the experimental setup;
though any electrical appliance who consumes power
less than2000Ware selected to develop the system.
Data collection is done by the smart coordinator who
saves the collected data for processing purpose and
for future use.
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The parameters like voltage current and power are
entered in the data coordinator in software from.
These entered parameters will get stored in a
database then analysed for result. Graphic user
interface (GUI) window is used to. Displayed the
result on the computer so that appropriate actioncan
be taken from the GUI for proper monitoring. Fig.
7shows the smart power monitoring and control
system at a house where the system used.

V. RESULTS

This system is implemented and work as per
requirement.

The sensor detects the Signal from field input it get
processed and Appropriate action is taken by design
System

Figure 7: WSN node.
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Monitoring the whole intelligent building. The aim
behind the concept is to determine the areas of daily
peak hours of electricity consumption levels and
find out the best a solution by which we can lower
the consumption and enhance better utilization of
already limited resources during peak hours.

The system advantages are that it is robust and very
flexible to used . For The last three months, the
system was able to perform the remote monitoring
and control of appliances effectively. Local and
remote user interfaces are easy to handle by a
novice consumer and are efficient in handling the
operations.
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Above Figure shows the Graphical user Interface for
thecontrolling the devices based on sensors data.

Figure 8: Experimental Result

VI. CONCLUSION

Various user interfaces are used to programme the
sensor networks suitable for users for different
ability and for special or expert users such that the
maintenance of the system become easy and
interaction become simple. This work have the aim
of to get the consumer’s response with respect to
the smart technologies and advantages of deploying
them also the possible concern related to the system,
and overall view about the concept.

The monitoring of the electrical appliances can be
taken inreal time through the medium of internet
and by using the website.. The system further is
used for the purpose of
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