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Abstract
This thesis presents a new decision support approach to energy control and monitoring 

system of domestic appliances. In the modem world, people are rapidly turning to 

technology as a fast and cost-effective way of improving quality of daily living. This 

primary goal is to address the needs of the end user by employing networked low-power 

sensors sensitive to the environment, so it can be altered to their liking.

The proposed system consists of following steps: energy control and monitor, data 

analysis and data predictions. This research will present the design and implementation of 

a practical and simple smart home system, which can be further extended. The system is 

based on: group of sensors, Arduino UNO with unit and WIFI as a communication 

protocol.

These devices can be easily controlled via user-friendly interfaces via web applications. 

The web applications are available for Consumers and Administrative Staff. Those web 

applications represent to the users are statistical data by using Google charts.

Data analysis part has done using Data Mining techniques such as clustering and 

regression analysis. Sample data has been generated by using Test Data Generation Tool 

is DTM tool. Clustering and Regression Analysis has been done by using Rapid Miner 

Tool. Data prediction was done by using Regression Analysis technique.

The main advantage of the proposed system is that it is a sensible, secure and easily 

configurable system that provides end users with a cost-effective energy consumption 

solution.
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Chapter 1

Introduction
1.1 Prolegomena

Due to the rapid advances in wireless communication and information technologies it 

is now possible to embed various levels of smartness in the home. These smart homes are 

ones that can interact intelligently with their inhibitors to provide comfort and safe living. 

This interaction may range from simple control of energy and mobile agent based services.

Smart home is a house that uses technology to monitor the environment with the help of 

various sensors, control the electrical appliances and communicate the outer world. Smart 

homes can also refer as intelligent homes or automated homes. With the recent expansion of 

communication networks, smart home applications can be further enhanced with new 

dimension of capabilities that were not available before. The wide spread of wireless 

networks in our daily life is enabled by the communication standards such as WiFi[l], 

Bluetooth[2], Zigbee, RFID and mobile technologies. This proposed system is a Decision 

Support Approach to the Domestic Energy Consumption. There are two main parts in this 

title of the research are Decision Support part and Energy Monitoring and controlling part. 

The Decision Support module includes data analysis activities and Energy controlling and 

monitoring module includes hardware and software. Despite numerous research in smart 

home technology, efficiency and security of energy consumption and control appliances has 

been a research challenge. This research presents our work on wireless technology and web 

technology based approach to secure energy control and monitoring system with a higher 

level of efficiency. This chapter present the background and motivation of the research, 

hypothesis, objectives, problem statement, smart home approach and the structure of the rest 

of the thesis.
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Background and motivation
This application based on the information of Lanka Electricity Company (Pvt) Ltd 

(LECO)[3]. Lanka Electricity Company (Pvt) Ltd is a private limited liability company 

incorporated in 1983 for Distribution of Energy. Present shareholders of LECO are CEB, 

UDA, Government Treasury and four Local Authorities (LA). The unique achievement 

of LECO as a successful business venture was its ability in meeting a challenge in 

attracting foreign funding for the network improvements.

1.2

LECO serve 570000 customers out of which 87% is domestic. Industrial and Commercial 

customers amounts to 12% and the religious customers are the balance 1%. Out total 

energy sales is approximately 1000 GWh with an installed capacity of 369MW at LECO 

energy purchase nodes. 44% if the energy sold is consumed by the domestic customers 

and 53% by the commercial and industrial customers. Balance 3% is consumed 1% by 

religious customers and 2% for street lights. 50% of LECO customers consumes below 

150kWh per month, 10 consumes below 600kWh per month and 90% below lOOkWh. 

LECO network load experience a day peak of approximately 280MW and a night peak of 

approximately 300MW.

In order to keep an efficient system with minimum faults, LECO carries out routine 

maintenance of all transformers, high voltage (11 kV) & low voltage (230V) lines and all 

the other equipment of the distribution system. LECO always gives a major attention to 

reduction of energy losses in the distribution system. LECO is totally aware that 

reduction of energy losses in the distribution system will help to save significant financial 

savings on power generation of the country. It also helps to minimize emissions due to 

power generation which is good for the environment. LECO has the benchmark of 

maintaining the energy loss less than 5%. LECO target is to attend all sendee calls within 

a time of 30 minutes. LECO is a dedicated team in the customer service centers to attend 

to such breakdowns on a 24/7 basis. And this process is well monitored to minimize the 

electricity outage duration. LECO staff is always dedicated to support for all types of 

customer issues (technical, legal, administrative, etc.) related to the electricity distribution 

system. Customers have the provision to access LECO management or relevant staff 

through telephone, fax, e-mails, letters or walk through visits. LECO is always trying to 

supply a reliable and safe supply of electricity to their customers all the time. We are
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carrying out a system development process that works effectively in order to maintain the 

reliability. Further, LECO is always taking the performance statistics to take detective 

and preventive actions against system faults.

There are seven branches belong to LECO which are Kotte, Kelaniya, Moratuwa, Galle, 
Kalutara, Negombo and Nugegoda. Those all branches are having Customer Sendee 

Centers (CSC). The maintenance teams, technical teams are working in these CSCs. The 

information is based on the Kotte branches’ consumers.

Kotte
'
:
i

Kelaniya
WWvWW'MVv :

iMoratuwaBranchesConsumers 
(About 570000)

Customer

Sendee

Centers

!
Galle

Kalutara

Negombo
WWVWAWAV,*

Nugegoda
WW\M/VWvWWVl

Figure 0-1-Perspective of end users
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Figure 0-2: LECO Branches

Further, LECO has a subsidiary company which is ANTE LECO Metering Company (Pvt) Ltd. 

This is the only Energy Meter Manufacturing Company in Sri Lanka and is committed to supply 

the total requirement of house hold energy meters to the Ceylon Electricity Board and LECO.

The Company also has the potential to provide the following services,

• Single phase and three phase electronic meters and electromechanical meters.

• Smart meters.

• Net metering solutions.

• Providing meter testing and calibration facility with high accuracy.

The proposed system is a web based application with compatible with mobile targeting on LECO 

consumers and LECO staff. There are two types of web applications are Customer portal and 

Administrative portal. Users are accepting by the system through an authentication process. 

There is a special authentication process for Customer portal. It is called dual authentication 

process and it is a secure method to access. LECO consumers will be benefited through this 

system as below.

1. Monitor the energy consumption of home appliances

2. Control the devices which sensor available remotely

3. Compare the power consumption by analyzing statistical data through the system
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4. Identify the appliances which are consuming high energy and ability to replace the 

appliances

5. Compare the consumption units and bill amount with previous few months.

LECO will be benefited as below,

1. Monitor the power consumption of consumers

2. Quick tracking the unauthorized energy consumption statistically and geographically

3. Able to suggest energy saving tips by analyzing real time energy consumption 

information

4. To serve best customer service

1.3 Problem statement
Smart Home Technology is fast emerging technology which involves interaction among things 

through internet without human interference. It has made human life easier and comfortable. 

Now-a-days digital devices in home are increasing rapidly due to which there is a need of 

accessing and controlling the devices remotely.

Today people are looking at ways and means to better their life-style using the latest 

technologies that area available. Any new facility or hope appliance that promises to enhance 

their life-style is grabbed by the consumers. The more such facilities and appliances are added, 

it becomes inevitable to have easy and convenient methods and means to control and operate 

these appliances. Conventional wall switches are located in different parts of a house and thus 

necessitates manual operations like to switch on or off these switches to control various 

appliances. It gets virtually impossible to keep track of appliances that are running and also to 

monitor their performances.

Most of the electricity consumers are not satisfying about their energy readings on electricity 

meters. They are directly inquiring to the electricity providers and electricity providers are 

giving solution as meter testing to the consumers. This process is not transparent and consumer 

has to expend their money for that sendee. Therefore, I define the research problem as 

inadequate attention given to implement an energy consumption monitoring system to monitor
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and control home appliances integrating with decision support approach that ability to use in 

mobile devices and laptop and desktop computers.

Hypothesis
Design and implement an energy control and monitoring system to control appliances and 

monitor the energy consumption integrating with decision support approach and mobile 

technologies and web technologies.

1.4

1.5 Objectives
To understand how an in-home energy display (IHD) may affect the home residents habits, 

encouraging positive changes in terms of energy efficiency and environment-friendly behaviors, 

it is important to organize the regular user behaviors related to energy consumption (or saving) 

.And further, to understand the interaction paradigms lying at the basis of currently available 

solutions. The rest of things provide a quick overview of regular home user behaviors, with 

respect to energy saving, and the possible saving strategies that IHDs can feat/motivate.

There are two types of objectives such as problem related and solution related.

Critical review the state of the art of smart home technology and Internet of Things 

(IOT)

To do in depth study of wireless technologies, sensors, web technologies and mobile 

applications with a particular emphasis on energy control and monitoring systems

(iii) To develop a new system as a solution to the LECO and their consumer’s energy 

consumption

(iv) To evaluate the energy consumption of selected domestic appliances 

To analyze the home appliances’ energy consumption and monthly consumption units 

of consumers’ homes

(vi) To predict energy consumption in next few months using existing data

(vii) Identify energy consumption patterns in home appliances

(i)

(ii)

(v)
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1.6 Energy control and monitoring approach
Changes in the users’ behavior are also another important factor in relation to the improvement 

of the energy performance of home. Recently, users have become more conscious of energy 

usage in homes and are increasingly interested in real-time energy monitoring and controlling 

devices and tools. Furthermore, the market for residential energy management is poised to grow 

dramatically due to increased users’ demands and new governmental and industry initiatives. 

Different energy efficient routing protocols and energy management systems have been proposed 

to provide information about energy usage patterns. They offer users actionable information and 

control features while ensuring ease of use, availability, security, and privacy.

1.6.1 Users
There are two web applications for LECO consumers and LECO Administrative staff. The 

hardware unit will be plug into LECO consumers’ homes. And analysis data will be used by 

LECO managerial staff. Basically, two types of users are interacting with the system as,

• LECO administrative staff

• LECO consumers

1.6.2 Input
Mainly, web applications inputs can be defined as below.

• Username, password (authentication keys)

• Appliances details (name, capacity, location, purchased date, etc)

• Customer details (electricity account no, name, location, contact no, e-mail address, etc)

• Push ON/OFF button

• Choose menu item

Hardware unit has inputs as below.

• Appliances’ Ampere

• Appliances’ Watt
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1.6.3 Output
Web applications output as below.

• Notifications (appliance ON or OFF, etc)

• Statistical details / graphs

• Special news from Electricity Company

• Summarized electricity consumption units in previous few months ago

Hardware units’ output as below.

• Appliances’ consumption

• Consumption period

• Appliances ON/OFF status

1.6.4 Process
The hardware unit is plugging to the home and appliances’ consumption will be saved in a 

centralized database is Oracle database. The customer web portal and administrator portal have 

been hosted in WAMP server and statistical data is represent on the web in Google charts. 
Advanced analysis results can be generated using Rapid miner tool will be useful to the LECO 

managerial staff

By using customer portal, LECO consumer ability to,

Enter into the system

Select the menu

Select the relevant appliance
Turn ON/OFF the appliance using push button

Check the consumption, check the statistics

Logout

By using administrator portal, LECO staff ability to,

• Log into the system
• Get statistics of energy consumption and ability to check real-time consumption of 

consumers

8



• Logout

1.6.5 Features
The features are related on the hardware unit and web applications. Those features are as below.

• Reduced Installation costs - low cost and high accuracy featured components are 

integrated.

• Internet Connectivity - LECO areas are not located in rural. Most of the customers are 

nearby main cities. Internet coverage is trusted in those areas.

• Scalable and Expandable - hardware unit can be expandable by using advanced 

components and new sensors.

• Security - enabled confidentiality authentication process.

• User friendly - ability to understand the details on web application and ability to use 

easily.

• Accuracy - information of the system saving into database in every moment No data 

losses.

1.7 Summary
This chapter gave an overall picture of the entire project presented in this thesis. As such we 

described the background and motivation, problem definition, hypothesis, objectives and brief 

overview of the solution. The rest of the thesis is organized as follows. Chapter 1 critically 

reviews the literature on Smart Home Technology and identify the research problems. Chapter 3 

is about the Smart Home Technology for recognition of wireless technology and sensors and 

Android technology. Chapter 4 present our new approach to use wireless, sensors and web and 

Android technologies. Chapter 5 and 6 describes the design and implementation respectively. 

Chapter 7 is on evaluation of the new solution. Chapter 8 concludes the research with a note on 

further work.
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Chapter 2

Developments in Smart Home Systems
2.1 Introduction
Chapter 01 gave a comprehensive description of the overall project described in this thesis. This 

chapter provides a critical review of the literature in relation to developments and challenges in 

Smart Home Systems. For this purpose, the review of the past researches have been presented 

under three major sections namely, early developments, achievements and unsolved problems. 

At the end, this chapter defines the research problem as the inadequate improvements in the 

current smart home systems and identifies the wireless technologies, sensors, microcontrollers 

and mobile technologies that can be used to address the problem.

2.2 Related Work
Nichols and Myers have been studied on that the possibility to auto generated interfaces for 

controlling appliances on a smart phone [4]. This study is based on the mobile phone 

applications than can be controlled appliances. They were able to generate interfaces for most of 

the devices and control appliances. The limitation of this study to generate interfaces that are 

customized to users and the devices they used. The enhancements of the research are generating 

interfaces with compatible with the appliances.

Michel and fellows have been done a research on user-led innovations and participation 

processes[2]. This research is based on several case studies in the field of renewable energy 

technologies such as solar collectors, bio heating systems and sustainable building technologies. 

The researches have been got involved the users with behavioral questions, technological 

problems and instructional conditions. But the limitations were un-experienced persons and lack 

of technology in this field. The researchers want to point out that under certain conditions a 

higher degree of user involvement or self-building groups might lead to a successful mode of 

innovation of certain energy technologies.

The research on web services for integration of smart houses in the smart grid has been done by 

Wanner and fellows[3]. This research is based on web services that provide a common 

framework that allows data to be shared and reused across applications, enterprises and 

community boundaries. The limitations on this research is the system was done according to the
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ongoing smart house/smart grid project and they hope to build some business applications and 

roll out in three different European field trials as their future work.

Robles and Kim have been done a study on security in smart home development^]. Tin’s study is 

based on related smart home systems, technologies, software and the current security in the field. 

The authors have been studied the tools related to smart home security. The important issue is 

the security in smart home appliances. So therefore, many more researches required to protect 

smart home appliances.

A qualitative field study on how householders interact with feedback from smart energy 

monitors has been done by Hargreaves and colleagues[8]. This study is based on qualitative 

evidence from interviews with 15 UK householders trailing smart energy monitors of differing 

levels of sophistication. This paper represents that some limitations such as certain appliances 

could not be discarded, energy monitor unwelcome, family negotiations about consumption 

provoked by the monitors and policy context is unsupportive. There are many challenges in 

technological and production areas. Finally, this paper discusses the further researches and 

policy. More researches are required to implement expansion of renewable energy, reduce 

energy consumption and support to change the domestic energy consumption patterns.

Piyare and Tazil have been done an implementation on Bluetooth based home automation system 

using cell phones[2]. This research is based on Bluetooth technology. The authors have been 

implemented a home automated system based on Bluetooth technology using cell phones. This 

solution has implemented Symbian OS cell phones only. Furthermore, studies are required to 

implement a GUI application written in Java.

Shin and Hwang have been experimented and proven by tested that intelligent energy 

information service[9] This study is based on a multi home environment which can share energy 

consumption data with its neighbors. This system provides services such as energy consumption 

monitoring, remote control functionality of home appliances and intelligent services including 

statistics and energy consumption comparison with neighbors. But, some technical issues such as 

traffic management and processing speed should be considered. Furthermore, privacy and 

security issues should be considered.
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AI-Daraiseh and colleagues have been done a study on energy management system for 

educational buildings[ 10]. This study is based on consumption of energy in King Saud 

University which is a higher education institution (HEI) building. The authors have been 

implemented first phase of the system using sensors to optimize the energy consumption in HEI 

buildings and reduce carbon dioxide emission (CO2). System has identified the hidden energy 

waste in laboratories and offices and takes appropriate measures to optimize energy 

consumption.

Morris and fellows have been done a research on smart home technologies to assist older people 

to live well at home[l 1]. This research is based on elderly people who are accepted smart home 

technologies. This study has identified that older adults and health professionals considered 

smart home technologies to be beneficial. It is possible that improvements in safety, security and 

independence may also have a positive effect on quality of life in the elderly people. Privacy 

needs to be considered in the design of future smart home technologies. Future studies may need 

to consider multiple factors such as finances, social circumstances; family and level of 

independence are considered when a person chooses where they will live. Furthermore, this 

study was the decision to limit the search to articles published in English.

Sung and Lin have been implemented a smart LED lighting system[12]. This implementation is 

based on Android mobile devices. The authors have been implemented an application to power 

monitor for home appliances. It consist of controller (server), touchpad (HCI), digital multi

meter, IR-module and lighting control module. This research has done by the minimization of the 

squared error through a self-adaptive weighted data fusion algorithm that is the limitation is heat 

effect on the LED color. So therefore, more researches required to issue of LED cooling.

An analysis of the smart home literature has been done by Solaimani and fellows[13]. The 

analysis moves from exploration towards the exploitation of Smart Home Concept and it is based 

on a coherent body of knowledge that covers technological, organizational, economical and 

business. The authors do not include all the existing publications related to the Smart Living. 

Smart living concepts are not commercially exploited makes it clear that there must be plenty of 

strategic, organizational and financial issues that require further attention.

Pierleoni and colleagues have been done a research on an Android based heart monitoring 

system for the elderly and for patients with heart disease[14]. The research has been done based
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on elderly people and patients with Cardiovascular Disease (CVD). All the data about the 

patient’s health status can be stored in an online database. But the current knowledge of the long 

term consequences of certain Heart Rate (HR) features and HR Variability (HRV), for example, 

circadian regulation is limited. And prolonged use of the application did not evidence bugs or 

unexpected system crashes.

A research on Smart Home System based on sensor technology has been implemented by 

Davidovic and Labus[15]. The research is based on group of sensors, Rasberry Pi device as a 

server system and Bluetooth as a communication protocol. The system uses by Android devices. 

The main disadvantage of the system is Raspberry PI device has defined maximum number of 

directly connected sensors. This limitation can be overridden by adding extensions to Raspberry 

PI device, which will allow users to connect more sensors to it. This system is also easier to 

setup and configure for small to medium size homes, because of the limitation of Bluetooth 

signal. This disadvantage can be overridden by setting multiple Bluetooth receivers in the smart 

home.

Lee has been done an experiment and proven by tested on testbed in the university is advancing 

building energy management system to enable smart grid interoperation[16]. This research is 

based on service data, service interface, intelligence and security of smart grid. The system is an 

enhancement in the existing energy monitoring system (EMS). The new system named as 

Premises Automation System (PAS). There are many challenges to energy transactions in future. 

So therefore, many more researches required to advancement of EMS as a micro grid platform 

that can support energy transaction.

13



2.3 Problem Definition
Based on the literature review has identified various unsolved problems including security, 

efficiency and reliability of smart home systems and modern trends and future challenges. Table 

2.1 summarizes the achievements and the limitations of the key research discussed in this 

chapter.

LimitationsKey benefitsTechnologyResearch

Customizable 
interface generation

Were able to 
generate
interfaces for 
most of the 
devices and 
control appliances

1. Controlling Home 
Office

Appliances with 
Smart
Phones( Jeffrey 
Nichols and Brad 
A. Myers - 2006)

Smart phone 
technology, User 
interface design 
tools

and

Not enough user 
involvement in this 
field.

Ability to find 
challenges on this 
field.

2. User-led
innovations and 
participation 
processes(Michael 
Ometzedera,
Harald Rohracher - 
2006)

Case study

3. Web services for 
integration of 
smart houses in the 
smart grid(Warmer 
.et al - 2009)

Integrate smart 
houses in smart 
grid

Limited specificationWeb services, 
SOA

4. Security in Smart 
Home
Developments(Rob 
les and Kim - 
2010)

Security tools findAbility to
security
challenges

Network security

Survey,

Interview 
questions, 
energy 
monitoring, 
smart metering

Consumer’s 
behavioral changes

Identify 
significant 
implication for 
future research 
and policy

5. A qualitative field 
study of how 
householders 
interact 
feedback 
smart 
monitors

with
from

energy
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(Hargreaves and et 
al. - 2010) Symbian OS cell 

phones only support 
Python scripts6. Bluetooth based 

home automation 
system using cell 
phones (Piyare and 
Tazil -2011)

Bluetooth,

Arduino BT,

Relays, home 
appliances

Low 
flexible, secure

cost,

Traffic management, 

Processing speed
Ability to identify 
energy
consumption of 
appliances

7. Intelligent energy 
information 
service based on a 
multi-home 
environment (Shin 
and Hwang - 2012)

Energy
consumption
data

8. Energy 
management 
system 
educational 
buildings (AI- 
Daraiseh and et. al 
-2013)

Identified the 
hidden energy 
waste

for
Timetabling system

SOA,Sensors,
Software

Older adults and 
health
professionals 
considered smart 
home
technologies to be 
beneficial

relatedLimited
researches

home9. Smart
technologies to 
assist older people 
to live well at 
home (Moms and 
et. al - 2013)

Survey

and10. Design
Implementation of 
a Smart LED 
Lighting System 
Using a Self - 
Adaptive 
Weighted 
Fusion Algorithm 
(Sung and Lin - 
2013)

Wireless 
technology, LED 
lighting systems, 
controllers, 
algorithms

Control the home
appliances
remotely

Heat effect on LED 
colors

Data

Not enough
Identify Smart 
Living

publications

Survey11. An analysis of the

15



homesmart 
literature 
(Solaimani and et 
.al-2013)

12. An Android based 
Heart Monitoring 
System for the 
elderly and 
for patients with 
Heart 
(Pierleoni and et. 
al -2014)

Current knowledge of 
some certain diseases 
is limited

Detect 
states, classify 
arrhythmia events 
and calculate
energy 
consumption.

stress

Android, 
algorithms, 
SMS, database

Disease

Sensible, secure 
easily

RasberryPi device has 
defined maximum 
number of directly 
connected sensors, 
limitation of Bluetooth 
signal

Energy transactions

and
Sensors,
RasberryPi,
Android,

Bluetooth

13. Smart Home 
System based on 
sensor technology 
(Davidovic and 
Labus-2015)

configurable

Efficient energy 
management

grid,Smart 
algorithms, 
sensors, network, 
security

14. Advancing
building energy 
management 
system to enable 

gridsmart
interoperation 
(Eun-Kyu Lee 
2016)

Table 2-1: Summarizes the achievements and the limitations

According to Table 2.1 despites many solutions are available for smart home systems, some of 

them are rather expensive and utilize too much of resources such as RasberryPi. Therefore, we 

cannot go for a customized solution of the existing some approaches. Instead should go for a 

low-cost solutions that machines with the need of small systems.

We intent to address the above problem using web-based technology. This is because, many 

researchers have shown suitability of smart home technology even for accessing the very large 

systems. We have noticed that limited research in Smart Home with technology has been 

recorded in the literature. More important as shown in Table 2.1 smart home system has been the
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most popular and lightweight technology for accessing any large system through mobile device. 

Details of the technology behind the solution will be discussed in Chapter 03.

2.4 Summary
This chapter presented a comprehensive literature review on the smart home research and 

identified the research problem as the inadequate attention to reliability of smart home 

technologies. We also identified the web technology to address the above problem. Next chapter 

will discuss the technology to be used for our solution.
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Chapter 3

Technology Adopted - Smart Home Technology
3.1 Introduction
This chapter describes the technologies are using to this research. The three basic building blocks 

of this project are Arduino microcontroller, Web application server and Android application. The 

basic idea is to control different appliances and devices using the mentioned components. 

Sensors will be used to sense different factors such as measure current and send corresponding 

messages to the android application. On receiving alert messages the user can instruct the 

devices to behave accordingly. Web server will help the user to access the devices remotely. 

Such an application is very useful but less secure, anyone can share that application or access it if 

no security is provided. So to make the app more secure we can provide a password protection 

for the android app. To implement such a system following technologies joint with it.

1. Arduino

2. WIFI

3. Mobile Platform

4. PHP

5. Relays

6. Current Sensor

7. Ethernet Shield

8. Oracle

9. WAMP Server

10. DTM Data Generator tool

11. Rapid Miner Tool

3.2 WIFI
Wireless Fidelity (WiFi) is a common term that refers to the IEEE 802.11 wireless 

communication standard for wireless local area networks (WLAN) in the 2.4, 3.6 and 5 GHz 

frequency bands. Network users, when using WiFi technology, can move around without 

restriction and access the network from almost anywhere. Also it can provide a cost effective 

network setup for hard-to-wire locations such as old buildings. Two types of devices are
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considered in the WiFi standard: an access point (AP) and a wireless device which could be a 

laptop equipped with a wireless network interface. The main function of an AP is to bridge the 

information between the fixed wired network and the wireless network. An AP can support up to 

30 wireless devices and can cover a range of 33-50 meters indoors and up to 100 meters 

outdoors. The wireless devices can be possibly connected together using infrastructure topology 

or an ad hoc mode topology. The infrastructure topology is sometime called an AP topology 

since the wireless network consists of at least an AP and a set of wireless devices. In this 

topology, the system is divided into basic cells, where each cell is controlled by an AP.

3.2.1 ESP8266 WIFI Module
ESP8266 is a chip. It with which manufacturers are making wirelessly networkable micro

controller modules. More specifically, ESP8266 is a system-on-a-chip (SoC) with abilities to 2.4 

GHz Wi-Fi (802.11 b/g/n, supporting WPA/WPA2), Inter-Integrated Circuit (PC), general- 

purpose input/output (16 GPIO), analog-to-digital conversion (10-bit ADC), I2S interfaces with 

DMA (sharing pins with GPIO), Serial Peripheral Interface (SPI), UART (on dedicated pins, 

plus a transmit-only UART can be enabled on GPI02), and pulse-width modulation (PWM). It 

services a 32-bit RISC CPU based on the Tensilica Xtensa L106 running at 80 MHz (or 

overclocked to 160 MHz). It has a 64 KB boot ROM, 64 KB instruction RAM and 96 KB data 

RAM. External flash memory can be accessed through SPI.

Figure 0-l:ESP8266 WiFi Module
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Figure 0-2:ESP8266 WiFi Module- Datasheet 

This WIFI module has been used to develop the unit It was connected with the devices. But 

finally, this module was not necessary for the unit and it was replaced by Ethernet Shield.

3.3 Relays (5V)
A relay is an electrically operated switch. It is mainly used to control higher voltage circuits with 

lower voltage. The 'control’ and 'controlled' circuits are electrically isolated from each other. 

Since relays are switches, the terminology applied to switches is also applied to relays; a relay 

switches one or more poles, each of whose contacts can be thrown by energizing the coil.

1) Normally-Open (NO): The circuit is disconnected i.e. open when the relay is inactive.

2) Normally-Closed (NC): The circuit is connected i.e. closed when the relay is inactive.

This module has been used to connect electrical appliances into the hardware unit. Appliances 

has been ON/OFF commands were controlled through this module.

3.4 Arduino
Arduino is a popular open-source single-board microcontroller, which is designed to make the 

process of using electronics in multi-disciplinary projects more accessible. The hardware consists 

of a simple open hardware design for the Arduino board with an Atmel AVR processor and on

board input/output support. The software consists of a standard programming language compiler
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and the boot loader that runs on the board. The Arduino board is a hardware interface allow to 

control and monitor hardware devices with computer.

3.4.1 Arduino UNO
The Arduino Uno is a microcontroller board based on the ATmega328. Arduino is an open- 

source, prototyping platform and its simplicity makes it ideal for hobbyists to use as well as 

professionals. The Arduino Uno has 14 digital input/output pins (of which 6 can be used as 

PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a USB connection, a power jack, an 

ICSP header, and a reset button. It contains everything needed to support the microcontroller; 

simply connect it to a computer with a USB cable or power it with an AC-to-DC adapter or 

battery to get started.

The Arduino Uno differs from all preceding boards in that it does not use the FTDI USB-to- 

serial driver chip. Instead, it features the Atmega8U2 microcontroller chip programmed as a 

USB-to-serial converter.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The 

Arduino Uno and version 1.0 will be the reference versions of Arduino, moving forward. The 

Uno is the latest in a series of USB Arduino boards, and the reference model for the Arduino 

platform.

Features of the Arduino UNO:

Microcontroller: ATmega328

Operating Voltage: 5V

Input Voltage (recommended): 7-12V

Input Voltage (limits): 6-20V

Digital I/O Pins: 14 (of which 6 provide PWM output)

Analog Input Pins: 6

DC Current per I/O Pin: 40 mA

DC Current for 3.3V Pin: 50 mA

Flash Memory: 32 KB of which 0.5 KB used by bootloader
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SRAM: 2 KB (ATmega328) 

EEPROM: 1 KB (ATmega328) 

Clock Speed: 16 MHz
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Figure 0-3: Arduino UNO Board

©
The won impomm para on the 
ArCumo board high Rfhted in red:

1
l5<34? 51 g I: USB connector 

1 Power connector 
3: Automate power swrtch 
A: Digital pint 
S: Analog pin*
L. Power pins 
7: Reset switch

ere «.'i ^

ofi?:sJ S:Bl
U'-I’

]

QQfe^B1
£

Figure 0-4: Arduino UNO - Datasheet

This component is the heart of unit. It is a microprocessor. All the communications are 

happening through this component. The hardware program has been uploaded into this board. 
Every commands are working through this module.

3.5 Arduino Ethernet Shield
The Arduino Ethernet Shield allows to easily connect Arduino unit to the internet. This shield 

enables Arduino unit to send and receive data from anywhere in the world with an internet
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connection. It can use to do control appliances remotely from a website, to control robot 
remotely from a web site or ring a bell every time get a new message from messenger, twitter, 
such applications, etc. This shield opens up endless amounts of possibility by allowing to 

connect the unit of network to the internet in no-time flat.

There is also an on-board micro SD slot which enables to store a heck-of-a-lot of data, and serve 

up entire websites using just Arduino unit. This requires the use of an external SD library, which 

does not come bundled with the software. The board also has space for the addition of a Power 

over Ethernet (PoE) module, which allows to power Arduino unit over an Ethernet connection.
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Figure 0-5 : Arduino Ethernet Shield
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Figure 0-6 : Data Sheet of Arduino Ethernet Shield 

This module has been used for connect hardware unit and the web applications. The connection 

has been established via a WIFI router and by using an ethemet cable.
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3.6 Current Sensor (ACS712)
For current measurement, current sensor ACS 712 (20 A) can be used. There are different 

current range ACS712 sensor available in the market, it is need to choose relevant sensor 

according to the requirement.

From Data Sheet

1. ACS 712 measure positive and negative 20Amps, corresponding to the analog output 

lOOmV/A

2. No test current through the output voltage is VCC / 2 =5v/2=2.5V

Calibration:

• Analog read produces a value of 0-1023, equating to Ov to 5v

• So Analog read 1 = (5/1024) V =4.89mv

• Value = (4.89*Analog Read value)/1000 V

• But as per data sheets offset is 2.5V (When current zero will get 2.5V from the sensor's 

output)

• Actual value = (value-2.5) V

• Current in amp =actual value* 10

Figure 0-7: ACS712 current sensor
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Figure 0-8: Data sheet of ACS712 current sensor
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3.7 Oracle
An Oracle database is a collection of data treated 

and retrieve related information. A database
as a unit. The purpose of a database is to store

is the key to solving the problems of 

information management. In general, a server reliably manages a large amount of data in a
multiuser environment so that many users can concurrently access the same data. All this is

server

accomplished while delivering high performance. A database server also prevents unauthorized 

access and provides efficient solutions for failure recovery.

Oracle Database is the first database designed for enterprise grid computing, the most flexible 

and cost effective way to manage information and applications. Enterprise grid computing 

creates large pools of industry-standard, modular storage and servers. With this architecture, 
each new system can be rapidly provisioned from the pool of components. There is no need for 

peak workloads, because capacity can be easily added or reallocated from the resource pools as 

needed. Oracle database interfaces represents in Appendix E.

The proposed system is used the Oracle database version is llg. The database is located in a 

centralized server. The database has well organized tables and sequences. The hardware unit and 

web applications are saving and retrieving data into database and from database.

3.8 PHP
PHP (recursive acronym for PHP: Hypertext Preprocessor) is an open source general-purpose 

scripting language that is especially suited for web development and can be embedded into 

HTML.

The web applications have been developed using ATOM framework and PHP language.

3.9 Wamp Server
Wamp Server refers to a software stack for the Microsoft Windows operating system, created by 

Romain Bourdon and consisting of the Apache web server, OpenSSL for SSL support, MySQL 

database and PHP programming language. Wamp server interfaces represents in Appendix E.

Web applications have been hosted in WAMP server. Oracle database connection and web 

application connectivity has been established through the WAMP servei.
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3.10 DTM Data Generation Tool

DTM Data Generator is a software product that produces data rows and schema objects for 

testing purposes: test database population, performance analyzing, QA testing or loading tests 

fulfillment. The generator was designed to provide developers and quality assurance engineers 

with high quality and realistic test arrays. It automatically creates data values and optional 
schema objects (tables, views, procedures, triggers, etc). DTM Data Generation Tool interfaces 

represents in Appendix E.

This tool has been more useful to generate sample test data regarding to the analysis. New rules 

were created to generate those data. It was a licensed tool and I have used a free version. So, 
therefore there were limited features to generate data. But, it was enough for my work.

3.11 Rapid Miner Studio
Rapid Miner Studio is very useful as a classroom tool for teaching students about data analytics. 
Rapid Miner's workflow paradigm offers the user a very powerful analytics tool. Beginning 

students or students with limited computer experience may initially find the workflow paradigm 

difficult. Rapid Miner Studio interfaces represents in Appendix E.
The data analysis part done by using this tool. Cluster analysis techniques were used to analyze 

the data. And further, linear regression analysis technique was done to predict some data. Those 

analyzed data most useful to the managerial staff in LECO.

3.12 Summary
This chapter described the technologies were used to implement the system. We could identify 

the suitable technologies need to use for our implementation. Those were cost effective and 

reliable technologies. Some software tools were licensed software. But there was free versions 

and those are having limited features. Some technologies were not suitable to implementation. 
Time has been spent to the research work on those technologies. But, finally 1 could identified 

the relevant, suitable and best technologies for implementation. Next chapter describes input, 

output, process, features and users.

more
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Chapter 4
Smart Home Approach to Domestic Electrical Appliances

Introduction
Here we describe our novel approach to Smart Home. DOMEMS, giving the meaning that 
energy monitoring and control system extended. The smart home technology can be used to 

monitor, warn and carry out functions according to selected criteria. Smart home technology also 

makes the automatic communication with the surroundings possible, via the Internet, ordinary 

fixed telephones or mobile phones. Smart home system uses advanced computer technology, 
network communication technology and automatic control technology, which combines the 

subsystem into a control system including lighting control, temperature control, fire and burglar 

alarm control, main house power supply switching system.

4.1

4.2 Hypothesis
Design and implement an energy control and monitoring system to control appliances and 

monitor the energy consumption integrating with decision support approach.

4.3 Users
The number of uses can be benefited by the DOMEMS systems in multiple ways. More 

importantly, LECO and CEB (Ceylon Electricity Board) and their consumers and university 

students can be directly benefited by this solution. Those who are interested in study of energy 

control and monitoring can also use this system for learning purposes. Two types of users are 

interacting with the system as,
• LECO staff- there is an administrative web application and analyzed data for 

advanced decision support.
• LECO consumers - there is a customer web portal to control and monitor the 

customer’ electrical appliances.

4.4 Input
The system can accept from various 

Smart devices.

devices including a computer connected to the Internet,
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The web applications’ input could be as,

• Username, password (authentication keys), security code

• Appliances details (capacity, type, brand, lifetime, etc)

• Customer details (electricity account no, name, location, contact no)
• Push ON/OFF button

• Choose menu item

The hardware units’ input as,

• Appliances’ Ampere

• Appliances’ Watt

Any user accessing the system should go through an authentication process.

4.5 Output
Web applications output as below.

• Notifications (appliance ON or OFF, etc)

• Statistical details / graphs

• Special news from Electricity Company
• Summarized electricity consumption units in previous few months ago

Hardware units’ output as below.

• Appliances’ consumption

• Consumption period

• Appliances ON/OFF status

Special information from LECO will be notified on the customer web portal to display to the 

consumers.

Process _ ...
The system executes a user authentication process before allowing

Of the system. This process goes beyond verification

a person to use the facilities 

of user name and the password, but asks for
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security given the user when login into the system in every time. There is a dual authentication 

process in this system due to security purpose. All the consumers need 

account no as username. Then they will receive a security code to the mobile which needed to 

use as security code enter to the system. LECO staff web portal is vary than the customer portal. 
They needed to use their employee no (Ex: A-180) as username and password which they 

created. Having permitted the user access the system offers facilities to select item from the 

menu list.

LECO consumer ability to,

to use their electricity

were

Logging into the system 

Select the menu 

Ability to add appliances

Ability to check electricity consumption on the current day

Select the relevant appliance

Turn ON/OFF the appliance using push button

Check the previous month’s consumption, check the statistics

Ability to see special notices from LECO

Logout

LECO staff ability to,

• Logging into the system
• Ability to get statistical and analytical data, consumer wise electricity consumption, 

monthly wise electricity consumption, peek/off-peek wise electricity consumption

• Logout

home. The unit will transmit the consumption ofThe hardware unit will plug into the consumers 

appliances into the database. The appliances ability to control through the customer web portal

by using hardware unit.
Further, all data is represented as statistical data in Google charts on tveb portals. And advanced 

analysis can be done by using any data mining tool such as Rapid miner. Those analysed data 

will useful to the managerial staff in LECO.
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4.7 Features
In connection with the input, output, users and process, the over features of the system include 

the following characteristics.

• Reduced Installation costs - low cost and high accuracy featured components are 

integrated.

• Internet Connectivity — LECO areas are not located in rural. Most of the customers 

nearby main cities. Internet coverage is trusted in those areas.

• Scalable and Expandable — hardware unit can be expandable by using advanced 

components and new sensors.

• Security - enabled confidentiality authentication process.

• User friendly — ability to understand the details on web application and ability to 

easily.

• Accuracy - information of the system saving into database in every moment. No data 

losses.

are

use

4.8 Summary
This chapter described the approach of DOMEMS. We identified the users, features of the 

DOMEMS, input and outputs and finally completed with the process. Next chapter describes 

design of the DOMEMS.
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Chapter 5
Design of DOMEMS

Introduction
The previous chapter gave full picture of the entire solution. This chapter describes the design of 

solution for the process presented in the approach. DOMEMS design the solution as a client- 

server system with a backend database. Here we describe the top-level architecture of the design 

by elaborating on the role of each component of the architecture. Generally this research is 

divided into two main tasks, namely controlling devices and providing current information. The 

controlling and providing information task are conducted by combines the Arduino 

microcontroller which connected to a router in the house and can be accessed by smartphone 

using WIFI and Bluetooth.

5.1

5.2 Top level architecture of DOMEMS
The top-level architecture of DOMEMS comprises of three main modules namely, client, server 

and appliances control modules. Figure5.1, illustrates the Top Level architecture.

Server
Client / Interface 
Module

Data
Analysis
Module

DBSmart Device
I

Web
Application

Computer

Appliances Control Module

WIFI RouterArduino
Relays, Current sensors, 
WIFI module, etc.

Figure 0-1: high level architecture

31



5.3 Interface/ Client Module 
This module consists of two sub modules are smart devices and computers. Those sub modules 

give access to the system. It enables interacting with the system through a desktop client for web 

application and a smart device for web application. Through 

authentication, secure login, etc. are provided. The interface module offers facilities for entering 

inputs and also receiving multiple forms of output information. This module comes as a part of 

client side software of the solution. The smart phone is provided with web app to access the 

overall solution.

these sub modules user

Server Module
The sever works as the central point of the system. All services provided by the solution must be 

accessed through the server. The server has connection to the backend database and the web 

based application. The server has installed a PHP server is WAMP server and web applications 

hosted on this server. A database has installed in the server is Oracle.

5.4

5.5 WIFI Router
The server module, Client module and Appliances control module are connected to the WIFI 
router. Web application communicates with the home appliances through WIFI router. Appliance 

control module established a connection with WIFI router by using Ethernet cable to enabled 

communication with Oracle database as well.

5.6 Data Analysis Module
There are two types of data analysis, one is statistical data analysis and another one is advanced 

data analysis. Statistical data analysis represents by using Google charts such as line charts, pie 

charts and bar charts on the both web applications. Advanced data analysis has been done by 

tool such as Rapid miner. Main analysis technique were used is Clusterusing a data mining
analysis. Some data were generaled by using test da., generating tool for analysis purpose. The

d DTM tool directly connected to the Oracle database bytool is DTM. Rapid miner tool an 

establishing a connection. By using analysis data, can be predict some data. The prediction

technique is linear regression.
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5.7 Appliances Control Module
The module is a unit of hardware. Arduino UNO microprocessor, current sensors, WIFI 
modules, Ethernet shield, Relay modules connected together. The hardware unit programmed 

by using Arduino IDE and program uploads into microprocessor. Ethernet shield, relay modules
are

and current sensors are connected into the microprocessor and those modules will receive signals 

via the microprocessor. The unit sends the digital signals to the appliances to control them and 

get information from them.

Ethernet
moauie

Fan

Power
IronArduino UNO Relay

board
Supply

Kettle

CT sensor

Figure 0-2: Appliances Control Module

Summary
This chapter represented the system design and module, sub-modules design using diagrams. The 

high level architecture includes and all the modules and sub modules described in this chapter. 

Next chapter describes the implementation of DOMEMS.

5.8
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Chapter 6
Implementation of DOMEMS

Introduction
There are several platforms for developing smart phone applications such 

Symbian, iOS and Android. In the proposed system, the web application is developed as most of 

the phones and handy devices support web apps. PHP language using the Atom IDE has been 

used for the development and implementation of the smart home app. The Atom IDE includes a 

complete set of development tools such as debugger, libraries, handset emulator with 

documentation, sample code and tutorials.

6.1

as Windows Mobile,

6.2 Overall Solution
Overall solution has been implemented as an Open source based application that can be accessed 

by any client running on any OS including Windows or Android. This is primarily client-server 

architecture with extensions for smart devices and appliances control unit. DOMEMS is 

primarily a PHP based web solution.

6.3 Implementation of the Interface/Client Module
The interface module has been designed to validate user authentication, password login etc. And
even, this module has been implemented a dual authentication process to the customer portal to 

the security. When a customer needs to login into his web portal, a SMS with including 

a security code will be received to his mobile phone and his needs to enter the code correctly to 

enter into the system. This module has two sub modules. The computer based application is
located within the server and it has developed using PHP and using Atom framework. Data has

connection. The consumer

increase

been retrieve, save and update through PHP and Oracle database 

ability to control their home appliances in remotely by using customer portal. And they can
d bill amounts with previous months as well. The 

site and have install into the device. The
compare their home electricity consumption an 

client need to get the application from LECO web
wise, CSC wise and ability to get overall 

rt of decision making. As well as, it is available to
administrative portal shows the statistics as customer

conclusion about the sale of branch as a suppo 

send bulk notifications through the web application to the LECO consumers. The web
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application insert the notification and consumers’ account numbers into the LECO SMS engine. 

Then consumer will notify in two ways,

SMS. Appendix A shows a prototype of the main Interfaces in the system. This shows wide 

range of input and output facilities offered by the DOMEMS.

is through the customer portal and another is mobileone

6.4 Implementation of Server Module
The server has been implemented to run on Linux or Windows operating system. The server uses 

the Apache web server for all communication. The PHP server is WAMP server. The server has 

been located at LECO. The database is Oracle llg. Table 6.1 shows the server hardware 

configuration details.

Processor 1.65 GHz
4GB RAMMemory

Hard Drive Storage 40 GB
Windows / LinuxOperating System

Additional Software PHP

• Wamp Server

Oracle

• Version llg
• Oracle thin client

Table 6-1: Server configuration

The Figure 6.2 represents the flow diagram of the process between sewer and web application.
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with web server
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Wait for user 
command

1 1

1 1
Execute
command

Figure 0-1: flow diagram of the process between server and web application

6.5 Implementation of Data Analysis Module
Statistical analysis has been implemented using Google charts on web applications. Customer
portal has been implemented to represent the current month consumption, bill amount, previous 

few months’ consumption, bill amounts, average consumption in charts, 
administrative portal has been implemented the Google charts to represent CSC wise 

consumption, customer wise consumption and those consumption in current month and previous 

month. Appendix A represents the charts included interfaces. LECO managerial staff needs the 

advanced analyzed data to decision making process. The advanced analysis process has been 

implemented using data mining tool such as Rapid miner. There are more data mining techniques 

to analyze data. I have implemented cluster analysis technique to analyze data. Some data has
tool for analysis purpose. And further, it has been 

data according to the requirement. The 

. It has been implemented by using few data

Further, the

been generated using test data generation 

implemented a prediction model to predict some
prediction technique is linear regression technique 
set. Appendix A represents the analysis results and other interfaces on regarding to this.
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6.6 Implementation of Appliances Control Module
This module includes few hardware components. The control unit developed integrating these 

components. The heart of the unit is Arduino UNO microprocessor. An Ethernet shield, 

current sensor, relay modules and WIFI router has been integrated into this unit. Microprocessor 

has been programmed by using Arduino IDE and the program tested through this IDE. All the 

modules commands, responds and actions have been implemented with this program. Ethernet

ACS712

shield has been configured according to the WIFI router settings and server IPs. Relay modules 

has been integrated into unit to connect electrical home appliances and with enabling the 

commands by web application through the microprocessor program. ACS712 current sensor has
been implemented into unit to measure the consumption of home appliances. The microprocessor 

program has been implemented to store the electricity consumption into Oracle database. 
Therefore, Oracle database connection has been implemented with this microprocessor program. 
Any data is not required to store inside the unit. Therefore, the unit has not integrated a SD card 

or any other such component. If there is an electricity failure, it will not be harmful to the device 

to the system. At the moment, the database has the last consumption value stored. And 

even, it is not required to store Date Time inside the unit. The Date and Time is pick-up from the 

server when it is connected into the server. Appendix A represents the unit and the components.

or even

6.7 Summary
This chapter described the implementation of DOMEMS 

chapter are Client module, Server module, Appliances control module and Data analysis module. 
Those modules has been implemented using previously described technologies. Next chapter

describes the evaluation of DOMEMS.

. Main modules were described in this
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Chapter 7
Evaluation of DOMEMS

7.1 Introduction
This chapter discuss the evaluation of the approach by assessing of meeting the objectives. 
In particular, we evaluate the prototype to analyze whether the hypothesis

Here we discuss the kind of participants, test cases (questions being asked), data collections, data 

analysis and presentation of the results.

new

can be substantiated.

7.2 Participants
The major participants in this research are LECO consumers in the Kotte branch. The data has 

been collected based on this branch.

7.3 Test cases
The test cases represents in Appendix - D.

Data collection
Major data surveys are collected from LECO database with the help of LECO IT staff. The data 

existing from October, November and December, 2016. The data has been inserted into the 

database tables with avoiding unnecessary information. The rest of the data has been completed 

based on those data. The rest of data are generated using a test data generation tool. But the 

monthly energy consumption units are the real data in this data set. And further, peek and off- 

peek consumption units are the real data. No of appliances, appliances’ capacity, purchased date 

the randomly generated data by using test data generation tool. The data has
ten organized in the Oracle da.ab.se and into separale .able, All .be tables a. having well 

prepared data for the data analysis.

7.4

and utilized time are

7.5 Data analysis .
The analysis of the survey data is processe
analyzing tool to analyze it. The statistical analyses 

multi-dimension constructs

Oracle database and integrating with an 

that have been conducted include: overall 
h factor, descriptive statistics, regressionmeasurement towards eac
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*“* 7—;r “ ^ *“ “W - — analysis.
C,l'S“r“8 7S,‘"T W“ “ “*» “>■»'- Fo. .his a„„ysis, K- mMS a,gorita
was used. The algorithm searches for the k groups, which have the smallest average distance to 
the cluster centroid (=the smallest in-cluster variance). And other analysis were represented 

using Google charts such as pie charts, line charts and bar charts. There are many data mining 
techniques to analyze data. Figure 7-1 represents the available data mining techniques.

Regression

Classification ClusteringA
/

p-----  ( Data Mining }--------- >|

...

\ Anomaly

Feature
Selection Association

*

!
Text Mining Detection

Time Series 
Forecasting

Figure 0-1 - Data mining techniques

Algorithms

Predict if a data point belongs to Decision trees, neural Assigning voters into known
one of the predefined classes. networks. Bayesian models, buckets by political parties.
The prediction will be based on induction rules, k-nearest 
learning from a known data set. neighbors

ExamplesDescriptionTasks

Classification
e.g.. soccer moms 
Bucketing new customers 
into one of the known cus
tomer groups 
Predicting unemployment 
rate for next year 
Estimating insurance pre
mium
Fraud transaction detection 
in credit cards 
Network intrusion detection 
Sales forecasting, produc
tion forecasting, virtually on)' 
growth phenomenon that 
needs to be extrapolated 
Finding customer segments 
in a company based on 
transaction, web, and cus
tomer call data

Linear regression, logistic 
regression

Predict the numeric target label 
of a data point. The prediction 
v/iil be based on learning from a 
known data set.

Anomaly detection Predict if a data point is an outlier 
compared to other data points in 
the data set.
Predict the value of the target 
variable for a future time frame
based on historical values.

Identify natural clusters within the 
data set based on inherit proper
ties within the data set.

Regression

Distance based, density 
based, local outlier factor
(LOF)
Exponential smoothing, 
autoregressive integrated 
moving average (ARIMA). 
regression
k-means, density-based 
clustering (e.g.. density- 
based spatial clustering 
of applications with noise
(DBSCAN))

Identify rela^S,lip^^ **
item set based on transact algorithm

Time series

Clustering

find cross-selling opportu
nities for o retailer based on 
transaction purchase historyAssociation

analysis
data.

f Data Milling Techniques
Table 7-1-Companson o
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Tjble M represents .he comparison of data mining techniques. According to this study , hlve 

selected cluster analysis and regression technique to analyze the data.been
represents nil the analysis results with screen shots

Appendix G

7.6 Summary
This chapter described evaluation of DOMEMS. Next chapter describes conclusion of this
research.
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Chapter 8
Conclusion and Future Work
8.1 Introduction
previous chapter contained the evaluation details about the

Support System. This chapter represents the overall achievement of this research 

future works.

Energy Monitoring and Decision 

, limitations and

8.2 Achievement
The main motivation behind this work of a Smart Home Technology and Data Mining is to 

achieve a higher energy efficiency, to maximize the utilization of electricity efficiency domestic 

appliances, to minimize the inquiries of consumers due to blind energy consumption of energy 

meters. The primary objective of the project was achieved. This research doesn’t only focus only 

on the theoretical aspects of the DOMEMS but it did yield concrete hardware prototypes.

The first part of the project consisted of monitoring and control of appliances in a Home Energy 

Monitoring System. The first phase was the collection of data from LECO. Then, insert those 

data into the database and organize them. Then, based on this organized data generate the 

transaction data using test data generation tool. After that, make sure that relevant the generated 

data according to the collected consumers’ data. The last phase, data must be compatible with 

original data.

The second step of this project was the analysis of the possibility of perform the efficiency of 

domestic appliances and control the appliances using the system m our home energy system. In 

this step, a hardware unit was made with capability of plug the selected electricity appliances.

After doing some testing, we
completely in houses because of some enhancements needed to be done.

The last part merged the work done (monitoring and control) with the web application 

development done which gave a strong .spec, to the project. It has two main parts such as. 
Admin web portal and Customer portal. Admin web portal includes, all the consumers’ energy 

consumption os statistical data. In this project, has represented the data only relevant to the 

LECO Kotte branch and three months consumption only. Customer portal includes, the energy

could conclude that hardware unit is still difficult to implement
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consumption patterns of their home according to their home appliances and could 

connected appliances such as ON/OFF. They can see their
control the

energy consumption comparing three 

which need to be replaced due to high 

current consumption unit and they can do the 

consumption. And finally, consumer receives special

months in each time and can be identify the appliances 

energy consumption. Further, they can see their
necessary things according to the current 

notices from LECO via the customer portal.

Finally, this research identified some energy consumption patterns in domestic appliances that 
help for decision making for energy management. That include consumer wise changes, 

customer service centers wise changes as well as branch wise changes can be identified. Use of 

these patterns LECO management can make effective decisions for energy sales, efficiency 

electricity distribution and well customer service, etc.

Limitations and Further work
This research is mainly focuses to decision making solution to LECO and their consumers.
Therefore, this research tries to gather electricity consumption units of all the home appliances 

day by day in hourly. However present company gather the electricity consumption monthly and 

it is a whole consumption units during the month.

The limitations on the project could be stated as follow: first the high cost of the 

system implementation among LECO consumers. Second, the lack of knowledge of some
hardware and software unit. Another thing is lack of

8.3

consumers and disfavor to accept new 

internet facility among all consumers.

number of future projects could be undertaken toIn the context of the DOMEMS, a 

complete and enhance 

voltage sensor and a current sensor 

sensors, etc. Second, enhancing privacy 

system. Third, enhancing the system’s

this project: The implementation of the sensing network using both a 

along with adding sensors such as gas, motion, humidity 

and security of the data communicated within the

intelligence by using optimization algorithms.

y design and implement an architectural 
electric utility to reduce 

on consumers’

Increasing accuracy of this research future researches
framework for a web based demand management system that allows an

ins end-use appliances based

ma

system peak load by automatically managing
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preferences. As well as researchers may find out more el 

to decision making to the management of electricity industry.
ectricity consumption patterns that helps

Summary
This chapter describes the overall achievement of this research as well 
limitations and future works on regarding the research.

8.4

as this chapter represents
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Appendix A- Images explaining the Graphical User 

Interface of DOMEMS

^rri screenshots of customer portal

l^p-Z/localhost/smarthome

User Login Screen
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Dashboard Home Appliances Profile

AVARAGE CONSUMPTION UPTO DATEUSER PROFILE
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LECO ADMIN
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KETTLE -ROOM2 &
On

WASHING MACHINE - LIVING
TV-ROOM4

on
ott

TV-LIVING
IRON • ROOMS

bn

All Rights Reserved . Design by© 2017 SniartHomcs

Appliances Control Interface

47



y Dashboard Home Appliances Profile.

Appliances 
ShowflO^n entries

New Appliance
Search:

Appliance Name

FAN
Appliances Location Appliances Capacity (W)

Appliance CapacityROOMS 70FAN Show | Edit | Delete ;

Shew | Edit | Delete 
Shew | Edit | Delete ,
Shov/1 Edit | Delete 
Show | Edit | Delete |
Shov/1 Edit | Delete Appliance Location 
Show | Edit | Delete 

Previous Next

ROOMS
ROOM2

! IRON
kettle

i refrigerator

1230
1280 Date

LIVING 241I
ROOMd 130TV
LIVING 150TV

WASHING MACHINE 
Showing 1 to 7 of 7 entries

LIVING 420 BATHROOM

fills

© 2017 SmartHomes. All Rights Reserved. Design by <■.

Add New Appliance

Show Appliances

FAN

70

ROOM 5
CONSUMPTION I CONSUMPTION 

MONTH
CONSUMPTION
HOURS

START
TIME (W)

01-DEC-16] 20170127918:57:20 22:56:20 4.39

Close

Consumption of AppliancesShow
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Edit Appliances

Appliances Name:

FAN

Appliances Location:

ROOM5

Appliances Capacity.

Edit Appliances Details

; Dashboard Home Appliances User

User Register
Account No

0106901905

Name
17/11 ST LANE NAWAIA OLD RD NAWAIARAJAG'R

Email
1 nanayakkara@smarthome.com.lk

M A A M NANAYAKKARA t -

Account No: 0106901905

1nanayakkara@smarthome.com IkEmail:

Contact1 ST LANE NAWALA OLD RD NAWALARAJAGIRIYAAddress: 17/1
2234567890 . . -iCity. RAJAGIRIYA

Rranch: KOTTE

CSC: 1

Contact: 2234567890

DetailsUpdate Consumer
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axn screenshots of administrator pnr^i
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THIS MONTH CONSUMPTION (CUSTOMER WISE)
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Customers
Dashboard
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Appendix B - Sample source codes 

implementation explaining the

HESSE!mm___ ______ _
#include<E theme t.h>
$include<SPI.h>
const int temperature Pin = AO;
// **** ETHERNET SETTING ****
// Arduino Uno pins: 10 = CS, 11 = KOSI, 12 = KISO, 13 = sck 
// Ethernet MAC address - mu3t be unique 
byte mac[] = { 0x90, 0xA2, OxDA, OxOF, 0x3A, OxDC };
// For the rest we use DHCP (IP address and such)
IPAddress ip(192,168,8,103);
EthernetClient client;
IPAddress server (192,168,8,1); // IP Adres (or name) of 
int interval = 5000; // Wait between dumps

on your network - MAC Reads T4A001 in hex (unique in your network)

server to dump data to

const int analogln = A0;
double mVperAmp = 185; // use 100 for 20A Module and 66 for 30A Module
double RawValue= 0;
double ACSoffset = 2500;
double Voltage = 0;
double Amps = 0;

void setup() {

Serial.begin(9600); 
while (!Serial) {

; // wait for serial port to connect. Needed for Leonardo only
}

if (Ethernet.begin(mac) = 0) {
Serial.println("Failed to configure Ethernet using DHCP”); 
// no point in carrying on, 30 do nothing forevermore:
// try to congifure using IP address instead of DHCP: 
Ethernet.begin(mac, ip);

}

Serial.printIn (”");
Serial.println(
Serial.print("IP Address 
Serial.println(Ethernet.locallP()); 
Serial.print("Subnet Mask 
Serial.println(Ethernet.subnetMask()); 
Serial.print("Default Gateway IP: "); 
Serial.println (Ethernet.gatewaylPO ) • 
Serial.print("DNS Server IP 

^ Serial, print In (Ethernet.dnsServerlPO ) **

■=-\n");.=—=*
: ");

: ");

: ");
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void loop() {
// if you get a connection, 
if (client.connect(server, 80)) { 

float tem = getTemp{);
Serial.printIn( tem );
Serial.println("-> Connected"); 
if(client.connected()){
// Make a HTTP request: 
client.print( "POST /3jnarthome/«rite_data.php"); 
Serial.println("-> Connectedlllil");
//client.print("serial=");
//client.print{ "CurrentSensor" );
//client.print("ss");
//client.print("consumption^");
//client.print( tem); 
client.println( " HTTP/1.1”); 
client.println{ "Host: 127.0.0.1" );
//client.println(server);
client.println( "Connection: close" );
client.println();
client.printIn{);
client.stop();

report back via serial:

}
}
else {

// you didn’t get a connection to the server: 
Serial.printIn("—> connection failed/n");

}

delay(interval);
}
float getTemp{) {

RawValue = analogRead(analogln);
Voltage = (RawValue / 1024.0) * 5000; // Gets you mV 
tops = ((Voltage - ACSoffset) / mVperAmp) ;

Serial.print("Amp3 = "); // shows the voltage measured
Serial, print In (Amps, 2); // the ’2’ after voltage allows you to display 2 digits after decimal point
delay(1000); 
return Amps;

}

Source Code of microprocessor program
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Index.php
index.php

f<! doc type html>1

<corm=oci_connect('smanthome', 
if (!?conn) {

$e = oci_error();

trigger_error(htmlentities(<.e[ ’message1 ],

’123’, ’localhost/XE ');

EIJT_QUOTES), EJJSER_ERRQR);
’•

session_start();
if <isset($_SESSION[‘ACCOUNTJfO’])) { 

header(’Location: dashboard.php1);
}

<html>
<head>

<meta charset="utf-8">
<title>Smart Home</title>
<meta name=”viewport” content=”width=device-width, initial-scale=i.e”> 
<meta name="description" content="”>
<meta name="author” content=”Carlos Alvarez - Alvarez.is~>

< <link href=‘'assets/css/bootstrap.css” rel=”stylesheet"> 
<link href="assets/css/login.css" rel=”stylesheet"> 
<script type=”text/javascript” src= ry.com/iquerv-Iatest.is"></scripts

<style type="text/css"> 
body {

padding-top: 30px;
}

</style>

I

:■ ( :.i\-

<link rel="shortcut icon” href="assets/ico/favicon.ico > 
clink rel="apple-touch-icon-precomposed" sizes="144xl44 
clink rel="apple-touch-icon-precomposed” sizes="114xll4 
clink rel=”apple-touch-icon-precomposed" sizes="72x72
< 1 ink rel=”applc-touch-icon-precomposed" href."ossets/ico/opplo-touch-icon-57 -preconposcd.png ,

" href=Massets/ico/apple-touch-icon-144-precomposed.png”> 
" href="assets/ico/apple-touch-icon-114-precomposed.png"> 

■’ hrefassets/ico/applc-touch - icon-72-precomposed.png">

Source Code of Login Page
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Appliances.php
I

: < ’ Sflai'tliOfe' • '7'’. ■ lot Jll-O'.l /*{ • I.• '-.•'•‘VO; 
if (■ *. 1 {

- • ‘“i.-'rorO,
1rSg)».-p_,.rr,i- (hivlor■till • -ff [)

lf <!issct(S_UV• ACCOM 
sessloii_start()j 
scss ion_unset(); 
Sf«lm_dfSlr«yh; 
licarfcrCLocation: index.php-) ■ 

}*lsc{

II (!'•• ! ft • •! ■•rvrmry j> w s

^ »JfC0i,nf.ro - i %rsS|fi||-«coun_W|;

ddoctype htnl>

«ht»l>

<he,id»

<p«ta charsrt."utf-S">

<tItlesSaart Moae Sysleec/titlo>

<rela na-w.-viewport- content.‘width.device-width,
<»seta nane-"descr|ption" content-'

C-rt-ta naae.-author- content-'Carlos Alvarc: - Alvaro:. ls">

initial-scale.t.,V>

clink hrof-"assets/css/bcotstrap.css* rol-"styleshcet"> 
clink href-"assets/css/irjJn.css" rel-"stylesheet"> 
dink href-"assets/css/font-style.ess" rcl."styleshref"> 
dirk href-"asseti/c»s/flexslider.ess" rel■"stylesheet's 
clink href-'assets/css/lable.css" rel-"stylesheet"*

cs.-i-lpt type-"text/javascript" src."micrn.-^ j.j .. , j .j 1 ,:.m ,<■.-></ <■: 
c'tyle type-"te*t/css"> 

bed/ {

paddlng-top: 60px;
}

</stylc>

clink rel."shortcut Icon" href-'assets/lco/favlcon, !co">

dink rel-'applc-touch-ic on-prcc opposed" s i:es." 1-I4> M-t" nre-f ."assets/ Ice/apple touch Icc.n 1A4 prec:--;.s-.-J ’ >

clink rel-"applo-touch-lcon-precoxposed" si:cs-"114xlia" href .'asset s/ Ice/., pple touch-Iron-ltd precc-r-s-.. J.t . 
d ink re 1 -"apple - touch-icon-prosreposed" si :os-“7}> l}’ liref ."assets/ico/applo trueh- Icon- /?-jirecerpnsnj.pnf.' - 
<1 ini. rel-"apple-touch-icon-precoeposed" href-"assets /1co/apple touch - icon-S? pmcnca-''l.e"r">

< 1 ink liref.*http://fOTl-S,g.Migl«MPJs.j,.<wl£Ss_>£.j-UyjNls—i>‘“~ «vl-"styleshm- '. 
dink rel-"stylesheet" t»p.-"ie*t/css">

CSs">dinl rel-"stylesheet" href-'//code . (query.coa/ui/1.12. 1/theres/base/(query ul

• "text/Javascript" src-'assets/Js/datatables/Jquery.datJTablrs.Js"'</ ' ' >: •>csrripi type
rlpt src-"lmns://. o.h;. iimLaJcrr^iJJl..l.?.JZJq'jrja^

<script type-"text/javascript" chjrset-'utf-8'» 
1 (docuoent).ready(f-..nct len() { 

JCedtl'j.datdTablel);
?( "Sdatcplckcr" ) .datcplckerO;

));
J (dOCiest-nt j ,ready( flinc t ipn () {

f( "Bbtn-bloc-ne»t") - dlsk( fine t Ion (1 (

$('»blo|>Carcusel ‘) .c.ir.'usrl(’next 1

tinn O {

l(’prev’)
J("#btn blon-prev”).cMel.(i 

!(••UlocCarouiol') -• ..reus*

}>;

| lent pe«t") . I 111 (' r 15,1 "• ' • ' 
si OC llentf i>> on' >“1') ■ ai ■

}{'sbtn
11 * nral ' I

I).
f ("»|iln 11 lent prev" 1 • •11 '■

, l-ltt I I'll'

)>;
I);

'!('• ->. i-
<f

, I l(l‘ .it '.'T l'H>
t i ».\ l III-• » ••••

Source Code of Appliances Page
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pashboard.php
'i?V, ']<x4thu«t/J((');o

. O,

I -r

WAITS), f ijf.fft | I'll)
••t-' «Oi

ll '.liM-ACCOlWrjW]) II r-.fVLRlfY l)
ii.nvtai’i ();
(nn_untel();

locatIon: Index.php');

)p;m{
v. .,:;nt_n0 • S_SCSSIO*i[ ‘ACCOUTUJW );

M t.v "V‘[ 'VcRIlV ) .. (

>
5.: IJ - l_pjrv(Stonn, -srifCI • fVfet CGNSIMR A. DRAWN D where 
o. vid);

►•ill* (irn" • ofi„fetch_nrray(lsrid, OCW.SSOOOC l_Rt Uteri W>:lS)) |
{i:\ci* * Sir*;

- O.GRA.Viltcnf AV> AfCCt'U ifi . ■, , );

)

S'Vim 1 - d»tv("F*. strtoU«-'(*flrst day of previous wonth*)); 
»"l!tI-.0_HWIN_K*im_3 - dale(-Y»-, «rtoHw.(-first day 0f previous eantl.*));

«ntwrii_J - date(*f, jlrtoti»e(*flest day of previous eonsh .\ norths*)); 
fSliilSu.NOMriMWnn_? - date('V«-, strtotJoo(-flrst day of previous eonth -1 oonths"));

‘ fill I • dj'.e(*f*. s(rtotlK-‘("flrst day of previous nanth -2 eonths*));

(• ; , it. - dale("YU*, strioClM"'Irst day of previous eonth -2 moths*)).

1-.. VIICM.HMim - *201701*;

Mi.l - cc 1 pjrseflconn, 'SCLECI • FROM CONSlKEB_APP_OUAa A, COHSUHPI lONJIiVEMIORY B VWH .',.10 - fi.-J' ID . '.0 n.cnrrSirPIKfi.FtMIM - ' . 
o.- i_r*etiite(Sst!d); 
v < - 0;

- 0; Acra'Sie V-rd►'.•••;

If'j.vr-PIIOf/MOtflfl - *201701*;

VI.d - GCij»r$c($conn, "SflECI * FROM COH$UtER_APP_DEIAIl A, COtiSUFVHON.lUVUMTOAY 0 MliW A. 10 • O.AIMD .VO n.OViaUM'lIOflJtffrtM ► '5 
• (I _e»«uU‘(5Id);
H-H - O;

Vf'i a.’f-1 IOfl_W - 0;

-'3 A.ACasrii V .

while <V w ■ cci_fctch_array(»stld, 0£I_A$SOCiOCJ.RElURNJfUUS)) { 
KiTiSUKPJKW.H *- f rCu(~COfiSUHPI ION_H* ] I>

i'Vi • 0;

</ .'•tiD’HOfi - 0;
1'did ■ orl_parsc(lconn, 'StlECi » (ROM SAICS.OHAIL where ACCOINT JJO • '5af<runt_r.n'*>; 

UU'(Ssi Id);
(■ - 0;

'•die (?•... - ctl_felch_array(jst Id, OCI_ASSOC*OCI_BEIOiUIJ.01lS)) ( 
f- v. .CnUMPlUXl »rov[*AVC_CO»iSUHPTIOfri;
I'm;

)
S".‘r ■ MM, CdfiSUV>t'IGt|/(k;

*'Pr.irvrjc« M . «. fyiuiHpilo-i.w/iooo);

• (111 •(•."••Pill :_N/SMAC)■ 100;
- 'I'l-f • r fiirr It (<nn , 7);

5'-.

• " ' "i.'l - o;
"r Mil I• ‘701701 ‘ ;

Si 1 n, ■•.fllCl • I Ris'l SAltS.DMAfl »■'"

i. Bill I'- ' IV{lC.iv'OI -
1 iKicimw • '1

• ■■■" ■-• I (f ! Ill);
,i,(» ! Id. C< I AWVilH 1 .«• lUi’H l.iHIM) ( 

-J'll'.’, . Sr , rliii'.ir'.i'fIO'l’l;

\ \ ,«I t rt r fi ,jl r

Source Code of Home Page
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User.php
I

if (!iv.n(s >ij.
’-nsslcnst.,. t ( j.
se«icnjj¥str.>y()( 
headcrClwatlon-. InJpx.r.np').

)s‘lse(
i..crnufl,_r„ . S.Sf'.SIC-l[ 'ACCOWIMiO*);

'•(■«cawr_w]■, u ■ tit • •vtPtfvj, « 5 , ; 'j' »iiv' |

I

Ssonn.-orl tonne, i r^o.irtha*o', 
Jri.-.ji.jrrAy( J;
If (I Scorn) {

<" « OCl_--iTor();

Vri£BPr_i-rrer(lu»le.ii jcjfi

'I71‘, 'loralhost/xr').

(li'l MisjB,.-], ifj| oo-jil-.). UVERJIjrXiH);)
• Oci_parse{ScO'in, ’SELtCf • 

ocl_exccute(Jstld); 
while (Srow - ,

{user . Jrow;

fKW COhSlUCR A, EHAI1CH E 
Otl_fct<h.,,rrajr(Jst|3, OCI>SSPC.OCI_REtUP>|Ji.jus)>

A.KR/JiO< C®£ . D.F?J.'.<iua-i A'i Account jx? . (.

(
>

cldoctype htol>
<htsl>

<hr.nj>

snetn <h,irset-*ut f-fl*>

<tll)e)0lOcrs - Dootstr.jp Dashboard Ii>ese</t is lc>

<-»ta no»o-*s/lrwport* <cintonl--wldth.<JcvI<e-uldth. Initial -scalf.i.p") 
<•>>.'1.1 nane-*description* content-")
<*U naae."author* content-**>

<llnk hrrf-^asscts/csi/bootstrap.CK* rol-'stylcshrrt*) 
Clink hrof-*assets/css/ealn.cii* rcl-*s«yleshcrt*> 
clink href-“assels/css/fonl - stylo, css* rel-'stylcshert*> 
dirk rel-'stylesheet* hrrf.*assots/tss/rri;Ktcr.css'>

<scr!,.t type-* text/Java script* *re-^iSi/Zj^JatKta*<.*-<'.,J'.!iS.rfcl:iis*i'Vji'></

clink rel-"shortcut Icon" href-"asscts/ico/f3vicon. ico">

dink rel-"apple-touch-icon-precowposed" sizcs-"144xl44" href-"asset s/ico/apple-touch-icon-144-precoeiposed.png"> 
clink rel-"apple-touch-icon-precomposed" sizes-"114xll4” href-"jssets/ico/apple-touch- icon-114-precosposed.png*) 
Clink rel-"apple-touch-icon-precopposed" sizes-"72x72" href-"assets/lco/apple-touch-icon-72-precoeposed.png*> 
clink rel-*apple-touch-icon-precopposed" href-"assets/lco/apple-touch-icon S7-precomposed.png*>

clink href-"htto;//fonts,ponplf.-ipis,co-*'/<:ss?fa-env-Knl‘'>:.'i:_4no.^Vil‘T rel-*stylesheet“ tvpe-"text/css"s 
clink href-"httn://fonts.pooele-iois.com/css?family-Open»Sans* rel."stylesheet" t>pe-"text/css"> 

C/head>

<body>

ediv class-"navbar-nav navbar-lnverse navbar-fixed-top"> 
cdlv class-"container">

edit' class-"navbar-header">
typc-“button" class-'novbar-toggle" data-toggle-'collapse" data tJrget«".navbJr-coUapse"> 
class-"icon-bar"x/span»

ebutten 
espan

espan c lass-‘lcon-bar">c/sp.in> 
csp.in cl ass-'icon-bar* x/spjn>

C/bultoo>

C.i class*"navbar-brarid" href-"dashboard.pl.p'x : ' s.-t • "assets/l*g/iago 10.png" alt-""' Pashb.iard*/.

</div>

edie d.vsr.-'navbar-collapse collapse")

<ul class-"nav navbar nav”>
liref-"dashboard.php'Xi c lass-'lcon-h^e ictm whlie'x/• > Mc-vx/..x/. ■ <

icon white“></'> Appllancesc/ x. I
clix.i
clixa href-"appliances. php"x i class-" Icon-folder-open

href-"user.pl-p-xi da- s-"icon-user Icon white x'» User. .x
di class-"active"><a

</ul>

col class-'n.W naybaD-eight')
on d I c k 1 ogCut ffc» (V j “ > lof. put</x/l><li class-"active•)<.>

</.»!>
</,):v>

</,!. . >
< /111 V >

Source Code of Profile Page
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SMARTHQME-APPLIANCES
SMARTHOME-APPLIANCE I fiftrim,

SMARTHQME.BRANCHVARCHAR2(5 BYTE) 
VARCHAR2 (20 BYTE) 
NUMBER (10)

P ’ AP_ID 
AP_NAME 
apj>ower_uin 
AP_P OWE R JJAX NUMBER (10)

P * LOCATIONJD
LO C AT 10 N Jl AM E VARCHAR’(10 BYTE) 

VARCHAR2(20 BYTE)
P ’ BRAIICH.CODE

NAME
VAPCHAP2 (3 BYTE) 
VAPCHAPCCOB/TE)

* APPLIANCE_LOCATIOH_PK (LOCATION 101

O APPUANCE_LOCATION_PK (LOCATIONJD)
'■* BRANCH_PK(BRAHCH_CODE)

<r BRAHCH_PK(BRANCH_CODE)
> APPHANCES_PK(APJD)

1..*o APPLIANCES_PK(APJD)

1n n
SMARTHOME.CONSUMER

P * ACCOUNTJIO
NAME
ADDRESS

VARCHAR2 (10 BYTE) 
VARCHAR2(100 BYTE) 
VARCHAR2 (100 BYTE) 
VARCHAR2 (CO BYTE) 
VARCHAR2 (3 BYTE) 
VARCHAR2 0 BYTE) 
VARCHAR2 (10 BYTE) 
VARCHAR2 (50 BYTE) 
CHAR (1 BYTE)

1 n SMARTHQME.CONSUMPTION_MOKTH1CITY P * MONTH 
DATE_FROM 
OATE.TO

SMARTHOME.CONSUMER_APP_QETAIL_COPY VAPCRAR2 (20 BYTE)
DATE
OATE

BRANCH.CODE
CSC.CODE
CONTACTJIO
E_MAIL
IS_ACT(VE

• ACCOUNTJIO 
' APJD

PURCHASED.YEAR
POWER_W
LOCATIONJD
STATUS

VARCHAR2 (10 BYTE) 
VARCHAR2 (10 BYTE) 
DATE
NUMBER (10) 
VARCHAR2 (5 BYTE)
Char (i byte)

n
> CONSUMPTIONJJONTHJ>K(MONTH)

1 CONSUMPTION_MONTH_PK (MONTH)

> CONSUMER J»K (ACCOUNTJIO)

O CONSUMER J»K (ACCOUNTJIO)1

SMARTHOME.CONSUMPTIONJNVENTORY.COPY1 ■ ID NUMBER (10) 
VARCHAR2(11 BYTE) 
VARCHAR2 (10 BYTE) 
VARCHAR2 (20 BYTE) 
VARCHAR2 (20 BYTE) 
NUMBER (10 J) 
VARCHAR2(10 BYTE) 
DATE
NUMBER (15) 
VARCHAR2 (5 BYTE)

SMARTHOME-CONSUMER_APPLIANCES_COPY ACCOUNTJIO
APJD
STARTJNME
EHD_TIME
CONSUMPTION_HOURS
COHSUMPTION_MONTH
IHSERTED.TIME
COHSUMPTIOH_W
LOCATIONJD

P * ACCOUNTJIO
HO_OF_APPLIANCES 
CONSUMPTION_UHITS 
C0NSUMPTI0HJ.10NTH NUMBER (0) 

TIMESTAMP 
VARCHAR2 (20 BYTE)

VARCHAR2(10 BYTE) 
NUMBER (3)
NUMBER (10)

REO.DATE
REO_BY

> CONSUMER_APPUANCES_CQPY_PK (ACCOUNTJIO)

O COHSUMER_APPUAHCES_COPY_PK(ACCOUNTJIO)

ER Diagram of DB Tables

Appliance Locations

|$ LOCATIONJNAME

BATHROOM
R00M1

$ LOCATION JP

1 LOC8

2 LOCI
3 LOC2
4 LOC3
5 LOC4
6 LOC5

7 LOC6

8 L0C7

R00M2
ROOM3
R00M4
ROOMS
LIVING
KITCHEN

Table of Appliance Locations
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Appliances

# APJD |Q APJsIAME 1 AP-PQWER_MIN |0 ap_power__max |
1 A1 FAN

60 1002 A2

3 A3

4 A4

5 A5

6 A6

IRON

REFRIGERATOR
1000 1800

120 400
TV 125 200
KETTLE

WASHING MACHINE
1200 2400

300 700

Table of Appliances
Branch

A BRANCHCQDE [A NAME [
1 01 KOTTE

KELANIYA
KORATUWA

2 02
3 03
4 04
5 05
6 06 

7 07

GALLE
KALUTARA
NEGOKBO
NUGEGODA

Table of Branches

Consumer
10 PWKH.CCCC lQCCHr«CT_..ji?E.MAa tS.AC. J) CSC.CaCt j

(null! S
(BUlX) S
(will)
(nail)
(null) a
(null) a
(null) a
(null) a
(null) a
(null) a

IflcnYQ ACCOUNT_NO IQ NAFg [0 ADDRESS
1(null)

(null)
(null)
(null)
(null)
(null)
(null)
(null)
(null)
(null)

011020140513*
1ICH20141031*
A1I3CCA

PLAY GFJl'KW OBEY'FURA*i 11PAJAGIRIYA 
7TH IK OBEYSE'FUFA* 50/4 SPA JAGIRIYA 
149/11/A KEIAHIKUUAASSODA 
125/3 SAKARAPALA BOIHEJU KW KEH1RKATTAXELLAHFITIYA SEUAHPIIIYA 
922/1 BOGAHA JU1ICTI0H ROAD G0THAI0WSAH30DA 
434/A BELAGAMA ROAD KElAHHOTtlAAUGODA 
119/7/A KITTHAMPAHOKAXE1LAMPIIIYA 
T/73/3/1 FA1ISALHE1IA ROAD KEEIHOTAXULLAKELLAMPIIIYA 
100/1/A SAFWAL FLACE JiELIKADARAJAGIRIYA 
24/23/2/1/1 PIRIVEUA ROAEKOICHHAHA

> 0104294201 S K HAZEER
2 0104295205 KAHJULA DE SILVA*
2 0105547302 S DKER
4 0106545407 R K SAPATHCHA1IDPA
5 0105675911 L G AKARADASA
« 0105676502 WAP SISIRA KDiARA 
2 0105675606 O H RAKKATBDLLAH
8 01056eseil J AFFODARAJA
8 0105752501 M 11 FRIYA1IGA

10 0105595911 K ROZHA

101
6a01
301
601AK3C2A

ANGOLA
VEUAMPIIIYA
KEUAMFIIIYA
RAJAGIRIYA
KOLCKUAXA

601
301
301
101
601

Table of Consumer
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Consumer Appliance

i) ACCOUNTNO 1 >) NO_OF_APPLIAf^CES Iq?!)1
CONSUM^ON MONTH Irt

41768 ' ~----------~
31424 
30537

REG.DATE1 0106890410
2 0100034605
3 0100048806 
A 0100049609
5 0100057903
6 0100006401
7 0100030502

8 0106889607

9 0100097602
10 0106895305

iyftggjrfj7
201701 17-MAK-22 12.00.00.000000000 AM 
201701 17-KAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM 
201701 17-MAR-22 12.00.00.000000000 AM

e AI2GS
7 AEMIJI

AIMIIJ

ATMIN
ATMIN

8 6129
9 3356
7 3076

Aaaii
A2MIH

e 1494
e 1195

AIMIN
AI2GH
ATMIK

10 1164
10 1007

Table of Consumer Appliance

Consumption Inventory
Op |(1 Accourn_No |Qapjd______ | Q STARTJTIWE

oe:17:44
14:44:57

17:47:12

17:47:10
11:57:55

08:27:29
00:25:57

08:55:54

17:55:04

18:57:20

|Q EfOJTPt ]0ccr«wiCTijioua^cor«jw»Tiot4jWMTH I01N5BCTEP.7OC cacu-yroov Olooctpnjd18 0106901905 
23 0100046210 
32 0106887011 
35 0106898407 
43 0106880906 
490106880906 
30 0106898407 
13 0100046210 
47 0106894106 
29 010690199S

l A4
A4

09:01:44
15:46:57

19:03:12

18:08:10
13:16:56

08:43:29
04:34:57

13:07:54
21:18:04

22:56:20

0.44 201701
1.02 201701 
1.16 201701 
1.33 201701 
1.59 201701 
0.16 201701 
4.09 201701 
4.12 201701
4.03 201701 
4.39 201701

01-KC-16
Ol-SEC-16
01-EEC-16
oi-rcc-i6
01-KC-16
01-EEC-16
Oi-CK-16
01-EEC-16
01-0EC-16
Ol-CtC-16

57LOC22
821CC53 A4

103 LOCI 
1331305 
13713C7 
1951302 
25*1303 
2641303 
2651302 
2T910C1

4 A4
A15

6 A2
7 A1

8 A1
A19

10 A1

Table of Consumption Inventory

Consumption Month

j) PATE JOA MONTH (} DATE J=ROM

1 201703 01-MAR-17
2 201702 01-FEB-17

31-MAR-17
28-FEB-17

Table of Consumption Month
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Use Case diagram - DOMEMS

*
«■

LoginCustomer
Staff

Add appliances

o
Add Locations

C3
.Update user profile

Get Analytical Reports

Use Case Diagram-DOMEMS

Login - Activity Diagram

y
Enter Account 

No J<

y
)( Enter

PasswordNo

\t

'heck Keys'

Yes
y

Display 
Home Page

ym
Activity Diagram - Login
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Add Appliances - Activity Diagram

Displays 
Home Page

\ f
( )Select Menu Item

Appliances

\r
Display

Appliances Page

V
(Type Appliance Details(Name. \ 
l Capacity. Purchased Date, Location) )

\r
( Submit

Ho Dismay Error 
^ Message

Redirect to 
Appliances Page

Activity Diagram - Add Appliance

Add Location - Activity Diagram

Menu Items

' t
)( Select Locations

' t
Location Page

\ /
f Select Location \ 
V, From List S

’ f
)(Click Submit

Button

Redirect to 
Location Page

No Display Error 
MessageCheck

Validatk , \
.Yes

ULocation
display in grid

Add LocationActivity Diagram -
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Update Profile - Activity Diagram

Menu
Items

\fc Select Menu
Profile

)

Vc Edit Name, Email,
Address. Contact No

)

(Click Submit
Button

)

V

No Display Error 
Message

Validationi

Redirect to | 
Profile Page

Activity Diagram - Update Profile
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Appendix D Test cases were used to test the system

Test case No 01 Test case name User Login- customer 
portal

Short description Test the user logging - successful
Pre-Condition Current username is electricity account no(“0106901905”)

Password receives into the mobile phone 

The system displays logging page

ActionStep Expected system 
response

Pass/Fail Comment

Enter username as 
electricity account 
no(“0106901905”)

1

Enter password 
received

2

Displays the home
page

PassClick the logging
button

3

User logged into the systemPost condition

User Login- customer
portal

Test case name02Test case No

Test the user logging - failedShort description
Current username is electricity account no

Password receives into the mobile phone

The system displays logging page
Expected system 
response

Display error 
message as invalid 
consumer

Pre-Condition

CommentPass/Fail
ActionStep

Enter username as 
electricity account 
no(“01106901905”)

Enter a wrong

1

2
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password

Click the logging 
button

3 Displays error 
message and ask to 
re-enter

Pass

Post condition User redirect to the logging page

Test case No 03 Test case name Add new appliances- 
customer portal

Short description Test adding new appliances - success

User logging to the system

Navigate to appliance creation page

The system displays appliance creation page

Pre-Condition

CommentPass/FailExpected system 
response

ActionStep

PassMove into nextEnter appliance 
name (Ex: Fan, Iron, 
etc.)

1

PassMove into nextEnter the capacity
(numeric value Ex: 
120, 130, etc.)

2

PassMove into nextSelect the purchased
date

Select the location 

Click submit button

3

PassMove into next

Displays success 
message and refresh 

the page

appliance store in appliances table

4
Pass

5

Post condition New
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Test case No 04 Test case name Add new appliances- 
customer portal

Short description Test adding new appliances - failed 

User logging to the system 

Navigate to appliance creation page 

The system displays appliance creation page

Pre-Condition

ActionStep Expected system
response

Pass/Fail Comment

Enter appliance
name (Ex: Fan, Iron, 
etc.)

1 Move into next Pass

Enter the capacity 
(decimal value Ex: 
120.5, 130.6, etc.)

2 Displays error
message and refresh 
the field

Pass

Select the purchased 
date

3 Move into next Pass

Select the location as 
empty

4

PassDisplays error 
message and refresh 
the page

Click submit button5

User redirect to the appliances creation pagePost condition
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Test case No 05
Test case name Map locations in home- 

customer portal
Short description Map new location - adding location 

User logging to the system 

Navigate to locations page 

The system displays locations page

Pre-Condition

ActionStep Expected system
response

Pass/Fail Comment

Select location1 Move into next Pass

Click submit button2 Displays the success
message and refresh 
the page

Pass

Post condition User redirect to the location page

Remove locations in 
home- customer portal

06Test case No Test case name

Remove location already mappedShort description

User logging to the system 

Navigate to locations page 

The system displays locations page

Pre-Condition

CommentPass/FailExpected system
response

Step Action

Select location from
grid

Click delete action

1

PassDisplays the success 
message and refresh 

the page

2

User redirect to the location pagepost condition
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Test case No 

Short description

07
Test case name Edit profile data

Update consumer details 

User logging to the system 

Navigate to profile page 

The system displays locations page

Action

Pre-Condition

Step Expected system
response

Pass/Fail Comment

Edit name1 Move into next Pass
Edit email address2 Move into next Pass

Edit contact no3 Move into next Pass

Click update button4 Displays the success
message and refresh 
the page

Pass

User redirect to the profile pagePost condition
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Appendix E - Images explaining the tools were used

Oracle Database
K.

:
:

ORACLG
SQL DEVELOPER

Initializing Extensions

oracle.ide.ceditor.save actions.SaveActionsAddin

IVersion 4.1.5

11
_ __________

ft Oade SOI Developer • Stan Page

liftjfi ..*■? JjfcSESt ...... .............IL ... ............
B 3 □ 0 «9 O O * & » 'mszmaE&m.<j) Start PateCwr.*ctc«» ■ 7\

+ * « Y % [MQ^Comechonj 
£ Ij OradriE 
£ Q Sr*arWoiw_Connection 
9 Oratfc ttoSQl Connecters 
-a Database Schenvi Service Correctors

CaruittGet Stated

Overview tftdeo I rrturrd (ViW OmemtnKmfeatured TutoruH

Data have CopyOptimizer Accel* Path*What's New

AaporXwg feature*SQt ToNng AdvHorRelease Note*

Oracle Data Pump featureWorking with Tuning Ut*tor»

SiH Developer on OIN
AlO.e«Nfl» 

l(|M Report!
* Data ftc toon jRetjoru
% L> Data Modeler Reports 
8 SOLAPReporb 
•I & Tn«*T*n Reocru 
11 &Uwr Denned Bepwu

AJtOnhoe Tutorial*a

Crv'injM t .Vl».v>«c*a •
{*] Show on Star &<•

Oracle Database
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Wamp Server

BSiWwrFPyT] LjZVi
0 Localhost 
0 phpMyAdmin 
£j www directory 
O Apache 
E) PHP 
P MySQL

0 webGrind

N
ft ►

>£
ft ►

s
*ft p]i^iu\ ‘Start All Services 
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Appendix G Data Analysis of DOMEMS
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