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ABSTRACT

Smart home technology for the aged persons isesewireless sensdrased home system
that provide the aged persons a safe, sound and secure home environment, while enab
them to live independently in their own homes as long as posshi®eaged persons here are
that population within the ages 05 §ears and abové&lowadays, the rapid increase in the
number ofaged personsncluding those with disabilitiegshe decrease in the number of
family caregivers as a result of youths™ migration to cities in search of wbitar jobs, and
inability of government to provide adequate infrastructural needs to these aged persons
resulted ina missmatch on the caring facilitiei; Nigeria. These have contributed to the
problem of these aged persons, sinegher families nor government are able to ntleir
needs especially in Africa due to high level of mass poverty, illiteracy and corruption in
governanceTherefore, the task of this proposed system here is to design and model a voic
activated home control system that will utilize the natural voidee aged home occupants,

to provide a more convenient, easier to install and use, user friendly home technologies f
the aged persons. This will enable them maneuver assistive wheelchair, and manage hc
appliances through voice commands. This assistiheelchair developed is embedded with
collision detection and avoidance. The tools used to realize this proposed system are; T
Personal Computer (PGHC-SRO04 ultrasonic sensand Voice Recognition (VRNodule

in a PC used for voice processing aedagnition, Microphone for voice signal acquisition,
C-language with the help of C# for codirgjuetooth and Radio Frequency (RF) transceivers
wirelesslylink the input module to the controller module (microcontroller) wiselects the
appliances/assist device to be controlled according to the input voice comm@arateus
Virtual System ModellingVSM) was used fodevelopingsmart home technologgystem
schematic model and carried out the animated simulation to validate the system
performance withithe homeThe designed system was tested on Dead Home (a home witl
closed curtains, carpet, an-aonditioner, and other leaving home appliances switched off)
and Live Home (a home with opened curtains, carpet, asoatitioner, television, and other
leaving home appliances, switched on, and with background music or noise from a ster
peoplg conditions, and the effective result was 92.93% for dead home and 75.85% for liv
home respectively. This showed that the realized system controlled the delicesioe,
though, the level of this system response is higher in dead home than in a live home, hen
the level of the system performance is lower in a noisy environment

Keywords: Voice Recognition, Proteus VSM, Voice Activated, Microcontroller, voice

Command.
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CHAPTER ONE

INTRODUCTION
1.1 BACKGROUND

The notion of smart home was first introduc
buil di ngo \weggaafdj2018 In theicereapt, g proposed intelligent implementation of
electrical devices, security devices, and consumer electronic devices for domestic tasks automa
humanfriendly control, and easy communication, as well as safety, was made. The implementati
of these homes however, focused on building a smart home environment fbodiglé and young

persons with the simple aim of enhancing their home comfort, energy saving, and security as sh

in Figure 1.1.

Presently, the number of elderly persons witlggical challenges that require external help to
perform their everyday movement tasks and other activities of daily living have been on the rapit
increase. Therefore, the problem of caring for this group of people has become a serious issue ¢
many of then are always seen clustered at city roundabouts, church gates, event centers beggin
arms. More so, this problem of the aged persons will be more serious in the near future, if nothir
done to solve it now especially in Africa due to mass migraifabled bodied cargiver youths to

the cities for greener pastures. Therefore, this has motivated this designed home technologies (
home technologies) research work titled design and modeling of smart home technologies, that:
meet the increasingeeds of this group of persons in their home environmimgésobvious that the
solutions to the problems of aged persons cannot be solved by increasing the numbeagie¢isare
rather, it can significantly be reduced by the deployment of variousrmadsistive technologies,
through building of smart homeldence, this research tends to use the available advanced
technological devices to design smart home technologies for the aged persons to meet their spe
needs. The background diagram of smarhl network and the disabled aged persons are shown i

Figure 1.1.
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Figure 1.1: The Background of Study Diagram

Also, the decline in mortality rate due to improved health care services and living condition has

equally led to the increasing population of this aged persons. The aged persons are that percent

2



population of persons in a given population with agesegsyand above. The world's aged
persondés popul ation has grown at an acceler
million persons were aged 60 years and above, which nearly two thirds of whom lived in develoy
nations. This number is pegted to increase to 2 billion in 208%¢rld Health Organization. 2011
However, this continuous rise in the population of the aged persons has resulted to rapid increa:
the cost of caring for them, hence, worsening the problem of caritigefagedpersons due a miss
match on the caring facilitie¥he high population of the aged persons involved inrla@gying,
showed the level of neglect this group of persons are suffering from the society and the societie:
leaders. Although, few of these persoas be found in their family homes, nursing homes,
hospitals, and so on, the costs of their maintenance in these places are very expensive. Hence,
are not adequately taken care of either by their families orgraees, and their talents are allowed

to waste just because they are old. In finding a solution to the problem of these persons, (Graafr
1998;Wang & Liu, 2018, studiedthe merger between gerontology and technology known as
Gerontechnologywhich utilizes technological advancements toriave the health, mobility,
communication, and environment of the aged persons. Geronioltigg other hand is tretudy of
ageing persons, and the social, psychological and biological aspects of the ageing process itsell
Technically, a smart home techogy may be described as a home integrated with technological
devices to perceive the state of the home occupant through sensors and intelligently acts upon t
home environment through controllers. Smart Home Technologies (SHT) emanated as a result
intelligent home automation and ubiquitous computing. Currently, the home automation area offe
remote and timer control of systems and embedded devices such as light, heating, ventilation,
entertainment systems, appliances, and so on, to improve comforgntence, energy efficiency,
and security. However, this is where this proposed smart home technologies for the aged persoil

comes into play because of the need to make the home system behave autonomously.



Actually, Smart living is an intelligent procesgt involves the remote control of consumer devices
and media sharing. This work utilized the recent trends in Information and Communication
Technology (ICT) which have given support to ubiquitous access, for the networking of automat
electrical gadgets the home using mobile devices. The development of computer systems netw:
that monitors and controls the physical world through the use of sensors, has made the entire wi
global village, and thus enabling the occupant of this smart home acdessnrml their

environment through the use of mobile devices. Hence, SHTs are good home alternatives for th
independent life of aged persons because these home environments are embedded with various
intelligent devices, which provide residents with bothvement assistance and home monitoring
and control. These numerous modern h@amedded systems will be able to perform their
functions without disturbing and without causing any pain, inconvenience, like movement restrict

to the user, instead, theyogpide users a level of comfort.

However,the architectural design of this proposed SHT is based on distributed smasdgeulti
architectures to overcome the technological challenges such as huge network, central server
processing load and embedded resource usage experienced in the curistimt{y lemes.

Therefore, these homes for people with special needs will be designed to overcome these probl
while their control algorithms are based or
requirements. This is because the level of instakehnology in this home for the aged persons
varies from person to person, depending on the degree of physical impairment, life habits, and
desired safety conditions. Thesmart home technology system will enable full integration of this
group of citizes to the society by providing them the opportunity to slecage their talents in

sports, economy building, in exercising their franchise and contributing their own quota to the

development of the nations at large.

1.2 PROBLEM STATEMENT



Nowadays, there haveeen rapid population increases in the numbeagefl personall over the

world and more so, most of these aged persons suffer from impairments that prohibit them from
going about their normal life. These disability conditions may have been causeddanficc
traditional delivery practices in developing countries, poliomyelitis, stroke, tribal wars, and act of
terrorism or due to physical or mental trauma thereby rendering them incapacitated. Some of the
persons are pictured in Figure 1.2.

More so, thadecrease in the number of cayigers as result of youths™ migration to cities in search
of white corner jobs has contributed to the problem of the aged persons, and no solution to this |
especially in African due to high level of mass poverty aniliicy.Also, the current

advancements on new technologies and developed user interfaces such as cell phones and hot
appliances have not made the lives, wellbeing and comfort of these targeted persons shown in |
1.2 easier because of high lewéllliteracy. Also, rising population of this group of persons has
resulted to an increase in the cost of caring for them, therefore neither families nor government i
able to meet their needs. This inability of government to provide adequate infrastroerds to
these aged persons have worsen the caring problem situatibe &ged persons and has created a

missmatch on the caring facilities



Y PERSON °

THE DISSABLE"AGED PERSON
INA THOME B’

Figure 1.2: The problem of the disabled aged persons and the smart home solution
Sequel to these problenmany researchers have contributed immensely in providing solution to tt
problems of this group through design and development of face recognition technology, eye trac

technology, head tracking technology, finger sign recognition, tongue rolliregrpagcognition,
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and so on. Despite these research solution contributions, none has totally met the general need
these aged persons. Therefore, the task of this proposed system here is to design and model a°
activated home control system as depmidteFigure 1.2 that will utilize the natural voice of the aged
home occupant to provide a more convenient, easier to install and use technologicditlgnigr
home technologies for the aged persons in Ugwulangwu community, Ebonyi State Nigeria.

1.3 OBJECTIVES OF THE STUDY

The main objective of this research is to design and model smart home technologieadedthe
personsin a Nigerian community based settiignis main objective will be achieved by embarking
on the following specific objectives.
1. Design of voice activated device control system that is wireless sensor based for the
persons.
2. Develop an embedded prototype system model that would allow the aged persons to contr
electreamechanical appliances through voice in a smart home
3. Dewelopment of software that will drive the system
4. Validation of the modelled design for accuracy and efficiency.

1.4 JUSTIFICATION

In the light of population increases in the numbethefaged persons who want to live
independently in their homes without a cgreer, so the need for Smart Home Technologies
(SHTs)requirements increases. Therefore, the possible solution to the challenges of the aged pe
proposed in this work is smarbime technology development for the overall goal of improving the
Quality of Life (QoL) of the aged persons. As the size of this group of people keep on rising, thel
need to develop smart home technologies, which will assist this group of people wanmem
impairments to move uabstructively in their home, thereby enabling them to continue living at

home in safety and independence.



Therefore, the need to provide voice activated wireless home network (smart home technology),
will enable the agedersons to continue living alone at home by enabling them to:

1. Perform civic Activities of Daily Living (ADL).

2. Control household electrical, electronic, and mechanical devices.

3. Have access to smart home devices and so on, that will enhance their lifetjonge

Hence, this SHWill assistheaged person® control their environment, move and communicate
effectively. In other words, it will increase the quality of life, and life expectantys&ged

personsand increase their sedisteem.

1.5 SCOPE OFTHE STUDY

This work was restricted to the development of models that the aged persons who suffer impairr
that restrict them from an unaided movement in their home environments will use, which involve
the hardware and software designs of multiplesrfiace control system. These was done through th:
implementation of, the electrical control system module, the voice activated system module, and

robotic wheelchair system module, and:

1. The voice recognition system can be activated or deactivateddepegd on t he us e

2. The system will only allow the user to turn on/off the fan, and light using speech recogniti
through an AC socket control.

3. The system allows the user to open/close the doors and the windows.

4. It allows the user to maneuveethssistive motorized wheelchair through a voice command.

5. The interfaces for the aged blind and dumb persons were not considered.



CHAPTER TWO

LITERATURE REVIEW

2.1 Review ofRelatedTechnology
Here, a review of technological advanced developnteatdrought about the emergence of smart

homes are presented.

2.1.1 HC-05i Bluetooth

The standard feature for cellular phones is a Bluetooth technology which can be used in wireles:
connection for cellular phones and home appliances. The Bluetooth ®gygoles an efficient
method for controlling home automation. It is a low cost and a secured technology.

The Arduino Bluetooth board is used in the system. The system operates on over 2.4 GHz ISM
frequency, covering a distance range of 10 m, with ttansmission rate of 1 Mbps speed, (Prashar
& Aarti, 2015;Kavitha, 2018. This module H&5 shown in Figure 2.1 transmits and receives data
wireless in serial format; it is used to provide a connection betweenamntroller Unit (MCU)

and Personalomputer (PC) for the data transferring purpose.



Figure 2.1. HC-05 Bluetooth Module (sourceBhavik et al., 201§

The 1/0 ports of the Bluetooth board and relays are used to connect the devices to be controlled
Bluetooth simply is passwoiiotected. A Bluetooth device has the ability to scan and detect othel
devices easily. It has the ability of checking whether devices are working properly or not

(Palaniappaet al, 2015).

2.1.2 Arduino

Arduino UNO shown in Figure 2.2 is a single board pater, and is an opesource physical
computing platform based on a simple input/output (I/O) board. The type of the Arduino board u:
by this author is ATMega328P Arduino Uno Microcontroller having 2KB static RAM, 32KB flash
memory, 8bit CPU, 6 Analog/lO pins and 14 Digital /0 pinsSpnali et al, 2016 The language

used to program the Arduino microcontroller is C/C++. Programs are created in the Arduino
development environment for the program compilation and linking source codes are downloadec
the Arduino board, where they can be ran (Boxall., 2013

The Arduino Uno is a microcontroller board based on the ATmega328p. It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz ceramic
resonator, a USB connection, a power jack, an ICSP header, and a teseBtamhankar, A. Y.,

& Sapana. 2013t contains everything needed to support the microcontroller. The Arduino Uno, c
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either be connected to a computer using a USB cable or power it with-&m[BC adapter. The
Arduino circuit acts as an interfacetlween the software part and the hardware part of the project
(El-Latif & Ahmed, 2014). An(Bramhankar, A. Y., & Sapana. 201&)nsists of an Atmel-816- or
32-bit AVR microcontroller with complementary components which helps in programming and

other cirait incorporation. This board has a 5volt linear regulator and a 16 MHz crystal oscillator.
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Figure 2.2: The Arduino Uno boardBramhankar, A. Y., & Sapana. 2015

2.1.3 Android Based Phone

Android is a mobile operating system (OS) based on the Linux kemdeturrently developed by
Google. With a user interface based on direct manipulation, the OS uses touch inputs that loose
correspond to reakorld actions, like swiping, tapping, pinching, and reverse pinching to manipule
on-screen objects, and a wdl keyboard. The Android platform was used because of its huge
mar ket gl obally and iYarb&Shig28l3 Ypplications enehe Anslreidd |
phones extend the functionality of devices and are written primarily in the Java programming

language using the Android software development kit (SDK).
11



Android operating system is primarily designed for smart phones and tablets. Android applicatiol
are written in Java programming language using the Android software development kit (SDK) ar
run-in virtual machinesSonali et al, 2016 The ATMega328P Microcontroller is connected by-HC
05 Bluetooth Module using wireless technique to the Bluetooth Controller Android application, at
the Input/output ports of the embedded system board are connetiethé appliances. Android is
the base of the application software, which has the largest base of Smartphone. The Smartphon

screen of Android application is shown in Figure 2.3.

Send/ Get

| Araleg

Figure 2.3: Smartphone screen of Android applicationRiadh et al2018

2.1.4 Bluetooth Wireless Technology

Bluetooth is a wireless technology standard for exchanging data over short distances (using sho
wavelength UHF radio waves in the I33nd from 2.4 to 2.485 GHz) from fixed and mobile
devices, and building personal area networks (PANs) (Chakradhar et al., 2013). Bluetooth is

designed as a short range, low energy;émst wireless connectivity that uses radio technology.

12
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Bluetooth devies work with 2.4 GHz frequency. A channel hoping technique is used to divide the
2.4 GHz band into 79 channels. In this technigue the data is separated into smaller pieces calle
packets. The data packets are exchanged between the transmitter andatoaérequency, and
then at another frequency the transmitter and receiver exchange another packet. This process
continued repeatedly until all data are transmitted. The channels change every 625 microseconc
Usually, it performs 1600 times per second/B devices use seventyne tmegahertz frequencies

in the ISM band as shown in Figure 2.4. The ISM frequency bands, having a range of 2.4 GHz a
2.483 GHz in the radio spectrum, has been reserved for industrial, scientific and medical purpos

(Chadha, €al., 2013).
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Figure 2.4: BWT devices frequencies hop up to 1600 times per seconBigdh et al2018
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2.1.5 PWM on an Arduino,Riadh et al,2018

Pulse Width Modulation (PWM) is a technique used to change the pulse width of signal, which ir
turn, changes the duty cycle to control the effectokage level to the attached component. Figure

2.5 shows a voltage sdtdmdl rwiptaiEstoptimés Ethissigdadf o
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with a r espon s supdlied® a Heaice gtrem thetdévmenwill test the signal & a D

input with an effective voltage &/ of (Peddapelli, 201)7

TC'
Verr = Vs — (2.1)

Ta

Where 7 is the duty cycle ratio of the square wave pulses.
By adjusting the duty cycle (Figure 2.5) of signal, the effective DC output voltage is controlled.
PWM of digital input/output wis either a High (5V) or Low (0V) depending on coding it. The I/O

pins is controlled with the programming of pin Mode, digital Write and digital Read functions.

T

¢

Figure 2.5: PWM duty cycle (Riadh et al2018

Analog Write function generates a square wave that can be varied in the functiorbittval8e
that corresponds to voltage range between 0 arwdk$ for the values varying between 0 and 255. A
value 0O gives a duty cycle of 0% and a value 255 gives a duty cycle of 100%. The analog Write

value can be calculated as shown below:
Analog Write value= Duty cycle * 255

The PWM output level is particulavith the analog Write. Figure 2.6 describes the scaling

relationships between the parameters of PWM outputs. The quantities are linearly related. Thus,

To Leff
PWM = 255 X — = 255 X —~
out level T, Vs (22)

Since L =5V, the formula became:
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255
PWMout tever = T x I"'-n.‘?,.l",ﬂ" (2.3)

Therefore, an effective voltage of 3V can be calculated as follows:

255
PWM gyt tever = = x 3 =153

2.1.6 HBridge

A D.C. Motor requires a voltage difference between its terminals to rotate in which, the direction
depended on the side connected to the negative or positive ts:rBiwapping the terminals will
change the rotation of the motor in the opposite direction. FThadde enables the DC motor to
rotate in forward and reverse directions and also provides enough current for the motor to run. It
named HBridge accordingdo its shape of connection as shown in Figure 2.6. Aridge is

basically a set of 4 switches which leads to different motions or actions if it is combined with an
Arduino. A couple simple digital output signals, can be used to open or close theseswWitblen

the switch Al and switch A2 are closed, the motor rotates clockwise. When the switch B1 and

switch B2 are closed, the motor rotates-afdackwise Cooney et al, 2004

wCC woo
5w 1T
, J
Al Bz 8 | Bz
= L -
—> <
MOTOR MOTOR

B1 ;"\ Az E1 ‘\‘ AT
l Al =+ A2 = Clockwise JF

- B1 + BZE = Counter Clockeise

Figure 2.6: H-bridge theory (Riadh et al2018

The SN754410 Quadruple Haff Driver Integrated Circuit (IC) is used to control the direction of a
DC motor. Figure 2.7 shows the pin configurationhaf IC, and Table 2.1 is the function of its

working, the scaling relationships for PWM parameters is shown in Figure 2.8.
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Figure 2.7: Pin configuration of SN754410 Quadruple HaKH Driver IC (Riadh et al2018

Table 2.1: Function Table

INPUT

EN

OUTPUT
Y

>X<|—|I|e

I e P

H
L
Z

H=High Level, L=Low Level, X=irrelevant, Z=high impedance (off)

| — | —

0 —t— O —t—

Figure 2.8:Scaling relationships for PWM parametérsadh et al2018
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2.1.7 The Voice Recognition Board

This board is a compact and an eaewtrol speech recognition board, andpeakedependent
voice recognition that can supports up to 80 voice commantiseach voice 1500ms (one or two

words spoken). It can onbllow for maximum of 7 voice commandsetiectivelywork at the same
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time. The 8051 microcontroller librarieand Easy Control combine with the voice recognition boarc
has 2 controlling ways (Figure 2:9)niversal Asynchronous Receiver and Transmittameral

Pins Input Outpu(UART/GPIO)the controlled Serial Port (full functiorgnd Useicontrol General
Pin Input OutputGPIO (part of function)The module needs to train users before it recognizes any
voice command. General Output Pins generate several kinds of waves while corresponding voic

command was recognizédassan, 2019

Figure 2.9 Voicerecognition module Hassan, 2019

2.1.8 The Joystick

The joystick provides signal to the microcontroller which is transmitted to the smart wheelchair
through the wireless RF. The joystick has two axes: X and Y axis, these axes are made up of bc
positiveand negative (that is X=f, X-ve; Y = Y+ve, Y-ve) axes to provide signal control for four
directional controls of forward, backward, left and right movement of the smart wheelchair (Figur

2.10)(Hassan, 2019




Figure 2.10: The Diagram of Joyick Control (Hassan, 2019

The setup was completed by attaching four switches example S1, S2, S3 & S4 respectively, whi
are used for rotating the smart wheelchair to any desired direction. With these switches (S1, S2,
& S4), smart wheelchair can bsoved in any direction of choice such as left, right, forward or
backward by just pressing a respective single button. During forward motion both motor runs in
forward direction, and the binary switch condition for forward movement are: S1 =0, S2 =0, S3
& S4 = 1; and during reverse motion both motors run in reverse direction, and the binary switch
condition for reverse movement are: S1 =1, S2 =0, S3 =1, & S4 = 0. For right movement, one
motor runs in forward direction and the other motor rungwernrse direction, and the binary switch
condition for right movement are: S1 =1, S2 =0, S3 =0, & S4 = 1; and left movement, one mot
runs in reverse direction and the other motor runs in forward direction, and the binary switch

condition for left moverant are: S1=0,S2=1,S3 =1, & S4 = 0. These are summarized below:

S1 S2 S3 S4 Output Resultant Effect
1 0 0 1 Motor moves Right

0 1 1 0 Motor moves Left

0 0 0 0 Motor Halt

0 1 0 1 Motor moves Up

1 0 1 0 Motor moves Down
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The highpower motor controller has four ports. Two ports are OUT A and OUT B, and these are
connected with the motor positive and negative terminals. The other two ports are VIN and GNC
these are connected with batteries. There are two motor usedsgstam, one controller is

connected with one motor and other controller is connected with other rHasgn, 2019

2.1.9 Microcontrollers

The Microcontroller (89C51/89S52 series) from ATMEL are the micro controller Chips that will b
considered for i mplementation in this Resec
work of Nishigandha et al., 2018icrocontroller integrated to utilize output of the activities of the
voice recognition module, the joystick and the RF module. It receives and process signals and d
coming from the modules interfaced to it and sends the corresponding results theoRghrhodule

to the receive systefiNishigandha et al., 2018)

This microcontroller is of an eigfitit class of CMOS microcomputer, that requires 3 capacitors,
resistors and-%olt power supply during operation. It comes with both Randatess Memory
(RAM) Read Only Memory (ROM), parallel and serial pafhiversal Asynchronous Receiver/
Transmitte), and so on. All these are in one single chip \WwitishErasable Programmable Read
Only Memory (EPROM) in micro control chip, the advantages of this microvaarhip are it

makes design cheap, easier, and it can be reused for many times. Flash EPROM is loaded with
programs include the instructions that will be compiled by the micro conttbllshigandha et al.,
2018.

This microcontroller has 40 pins, 3ihg for parallel port as shown in Figure 2.11. One port
includes 8 pinsso 32 pins formed 4 parallel ports, each of them is recognized as port O, port 1, p
2 and port 3. Number of each pin of parallel port starts from 0 through 7, first pin of porathed

P0.0 and the last pin of port 3 is named P3.i8.&tUSB based microcontroller, and has the
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capability of being used to develop standalone system which can communicate to the software c

computer.
PIN Names
PA3 + 1 40 L-prAa R o ™
PA2 4 2 39 4+ PAS RESET — Reset input
PA1 4+ 3 38 +PAG
PAG + 4 37 +PA7 €2 - Chip selected
RD -+ 5 36 +—WR
CS T 6 35 +RESET EP . Read input
GNID+ 7 34 T DO
—+ 8 33 + D1 ' y

//:(I, 1 3 3> L o> WER - Write mput
PC7 4+ 10 31 4103
PC6 + 11 30 -+ D4 Ay A, — Port Address
PCS 112 29 T DS
PC4 + 13 28 -+ D6 PA, — PAy; — PORT A
PCO T 14 27 1T D7
PC1l T 15 26 + VCC PB; — PBy, — PORT B
P2 T 16 2S5 +—-PB7
rPC3 -+ 17 24 + P36 P(‘? w— PC‘U — PORT (‘
PBO 1+ 18 23 1T PBS
PBB1 -+ 19 22 + PB4 VCC - +5v
rPB2 120 21 “TPrB3

GND - Ground

Figure 2.11: TheMicrocontroller Pin illu stration

It has a buikin USB connection that is used by the IDE to upload source code into the processor.
The connection is established in the programs, to send data back to the computer or to receive
commands in serial fashion from the computer. Thialselject contains all the code that was
needed to send and receive diéshigandha et al., 2018)

Arduino UNO is a multipurpose microcontroller board based on the ATmega328P. It has 14 digit
input/output pins and 6 analog inputs as shown in Figa@ Each of the 14 digital pins on the Uno
can be used as an input or output. An Arduino Uno board can either be powered via USB conne
or with an external power supply (AG-DC adapter or battery). Leads from a battery can also be
inserted in the Gshand Vin pin headers of the power connector. The board can operate on an
external supply of 6 to 20 volts (Galadima, 2014; Kioumars & Tang, 2011). In the journal of title
Al mproved Authentication Using Ar dui nvoiceBas e

recognition system is proposed to build as security function.
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2.1.10 The RF Module

RF Modules transfer data wirelessly, and this makes them most suitable for remote control
applications, where there is need to control devices or robots withaanggattouch with them (due
to various reasons like convenience, safety, handicapped, and so on). Nemarsp@RF module
wireless control applications such as, an ASK RF Transriteeiver Module of frequency 433
MHz, were chosen for this applicatibecause, they are quite compact and clfeéapmida et al.,
2016)

A general RF communication block diagram is shown in Figure 2.13, and the
encoders/decoders/microcontrollers are TTL compatible, the user inputs will be given in TTL log
level. This TTL inputs data from the user are sent serially using an encoderaoeaaniroller, and
this serial data can be directly read using the RF Transmitter, then performs Amplitude Shift Key
(ASK) (or Frequency Shift Keying (FSK) in some cases) modulation on it and transmit the data

through the antenn@ahmida et al., 2016).

Wireless Data
L TIL
Data| Encoder ot Seral Daa | RF Tesmter Wl || RF Recei Serial Data | Decoder or
A Microcontroler i R = Vicrocontroller -%

Figure 2.12: RF Communication Block Diagram
In the receiver side, the RF Receiver receives the modulated signal through the antenna, perfort
kinds of processing, filtering, demodulation, and so on, and gives out a serial data. This serial de
then converted to a TTL level logic data, whishhe same data that the user has inpu. RF

receiver module, receives data from the remote transmitter and compares the received data witt
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already store data in the microcontroller end of the recéhiarmida et al., 2016The functions of
the ransmission ports are illustrated in Table 2.2.

Table 2.2: RF Transmitter and Receiver Functional Ports.

RF Transmuitter RF Receiver

Pin No. Name Function PinNo. Name Function

1 GND  Ground (0V) 1,6,&7 GND  Ground (0V)

2 Data  Senial DataInput 2 Data  Serial Data Input

3 Vee | Supply Voltage 3 NC  Node

4 ANT  Antenna 4, &5 Vee  Supply Voltage (5V)
§ ANT | Antenna Output

2.1.11 The Bluetooth Module
The Bluetooth module is connected through the serial port of the microcontroller (pin10 and pinl:

shown in Figure 24. The Bluetooth receives data from the android phone to control the doors -

window.
COM NO NC
Relay
Input Pin GND EN VCC

GND ——! L——sv

Bluetq;uth 4)))) (((0 Bluetooth

The Figure 2.13: The Block Diagram of the System Bluetooth ModuleRpmmer et al, 201}
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The proposed system is composed of two major unitggthetesystemtransmitter control unit and
the remote system receiver control unit. The reragstemtransmitter control unit comprises of the
input recognition devices modules such as voice input module, joystick module and push button
module. The remote system reasi control unit however is comprised of the electrical and
electromechanical units which are the bulb units, the TV unit, the fan unit, the fridge unit, the doc

and window unit, the vehicular wheelchair unit, and the emergency ca{Ramimer et al, 201).

2.1.12 Relay Driver (Syafaruddin & Miyauchi, 2014).

A relay is an electromagnetic switch that is activated when a current is applied to it, and a relay |
normally used in a circuit as a type of switch as shown in Figure 2.15 below. There aratdiffere
types of relays and they operate at different voltages. When a circuit is built the voltage that will
trigger it has to be considered. In their project, Rommer et al, 2011 built a relay circuit that is use
turn appliances on/off using high or lowltage. The high/low signal is supplied from the Arduino
Uno microcontroller. In their work, when a low voltage is supply to the relay of an appliance, it is
turned off and when a high voltage is supply to the relay of an appliance, it is turned onayhe rel
circuit that drives four appliances in the Voice operated Android and Arduino Home automation
system is shown Figure 2.{Bommer et al, 20)1The number of appliances can be modified

according to the userdéds requirements.

1% O Neutral—
Vee Live A

M .E _E Appliance

D1 8
1N4001 $ ‘
a1 | =
GPIR&sD ,
GND
Sh IP31A

23



Figure 2.14: Relay Driver Crcuit (Syafaruddin & Miyauchi, 2014)

The relay driver is a mechanism that controls a switch by means of a low voltage control signal
shown in Figure 2.16. In the design, it consists of %12r el ay, 330Y Resi st c
TIP31 NPN transistr. The resistor is connected to the positive signal coming from a GPIO pin of
the VoiceGP module. The other end of the resistor is connected to the base pin of TIP31 which :
as the triggering signal for the transistor. The emitter pin of TIP31 isecteuhto the GND because

TIP31 NPNtransistor, and the pin of the VoiceGP module was also grouRttedrier et al, 2011

As a | ow voltage signal, coming from the GF
the BaseEmitter junction of the transistor, the TIP31 will be in saturation state which will enable
connection between the collector and emitter junctioneeMWMIMP31 transistor goes into the
saturation state, the relay will have a successf $2pply on its pins, particularly the inductor

part of the relay. When the relay is supplied with &/12he switch part will be closed. The switch
part serves as aitlge connection between the 22(ower and the AC socket (where the specific
appliance was plugged). As the switch closes, it establishes complete connection of the applian
and the 220V which then energizes the electronic applia(®gafaruddin & Miyaichi, 2014.

Initially, the switch part of the TIP31 transistor is open. It is open when there is no low voltage
signal supplied to the base pin. When the transistor switch part is opexuif(statte), the 12/

supply on the relay will not be completecbese the collector pin, where the other end of the
inductor part of relay is connected, is not connected to the emitter where the ground was connec
As the transistor is in cdff state, the switch part of the relay will not close and will forbid-220
power to the appliance. Thus, the electronic appliance is not energized. The 1N4001 Diode serv
a suppressor diode in the relay driver. The suppressor diode prevents voltage spike arising at th

inductor as voltage across was reduced or remdrenh(rer et al, 2011
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2.1.13 The SIM900A

The GSM shield connected to the microcontroller is used to send/ receive messages and
make/receive calls just like a mobile phone by using a SIM card from a network provider. This ce
be done by plugging the GSM shield into the microcontroller board andollngging in a SIM card
from an operator that offers GPRS coveradae shield employs the use of a radio modem by
SIMComm. Communication can easily be done with the shield by usirglttemmands. The

GSM librarycontains different methods of commaaiing with the GSM shield. This GSM Modem
works with any GSM network operator SIM card just like a mobile phone with its own unique phc
number. The advantage of using this modem is that its RS232 port can be used to communicate
develop embedded apgations. Applications like SMS Control, data transfer, remote control and
logging can be developed easily using {fieo & Shaik, 2016)

The modem can either be connected to a PC serial port directly or to any microcontroller throug!
MAX232. It can be usd to send/receive SMS and make/receive voice calls, also, used in GPRS
mode to connect to internet and run many applications for data logging and control. In GPRS mc
it can connect to any remote FTP server and upload files for data logging. This Gfvh isca

highly flexible plug and play quad ba&dM900A GSM modem for direct and easy integration to
RS232 applications. It Supports features Mace, SMS, Data/Fax, GPRS and integrated TCP/IP
stack. To be connected to a cellular network, the shiglgines a SIM card provided by a network
provider.Most recent revision of the board makes the connection of the shield with the
microcontroller board by connecting X to pin 0of microcontroller angbin 1 of microcontroller

to RX of shield. Different omponents of the GSM shield, consulted are shoviaigare 2.16.

DB9 = = - 2 -GSM SIM900
Connector. | <%= :



Figure 2.15:The components of GSM shieldYoo & Shaik, 2016).

This is an ultrecompact and reliable wireless module; it is a complete-Daatl GSM/GPRS

solution in a SMT module which can be embedded in the customer applications allowing benefit
from small dimensions and cesffective solutions. Featuring an indysstandard interface, the
SIM900A delivers GSM/GPRS 900/1800MHz performance for voice, SMS, Data, and Fax in a
small form factor and with low power consumption. With a tiny configuration of 24 mm x 24 mm
3 mm, SIM900A can fit in almost all the space riegpnents of applications, especially for slim and

compact demand of desig¥vioo & Shaik, 2016).

2.1.14 L293D Motor Driver

L293D is a quadruple Horidge motor driver, as the name suggests it is used to drive the DC motc
This IC works are based on the concept eBlHdge. Hbridge is a circuit which allows the voltage
in either direction to control the motor direction.The ar e 4 i nput pins fcC
depends on the logic inputs applied at these (@#sgali et al, 2011 EN1 and EN2 must be high to

drive the 2 DC motors as shown in Figure 2.17.

Moter Driver ICL293D Connections Vo
./ /‘\
& 16
PBO < 2 15 P pB2
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Figure 2.16: The Motor Driver IC L293D Connedions. (Asyali et al, 201}

In the circuit of figure 2.18, R1, S1 and C3 form a debouncing reset circuitry, while C1, C2 and X
are related to the oscillator. Port pins P1.0 and P1.1 are connected to the corresponding input pi
the L293 motor driverThe motor is connected across output pins 3 and 6 of the L293. The softwe
Is so written that the logic combinations of P1.0 and P1.1 controls the direction of the motor. Initi
when power is switched ON, P1.0 will be high and P1.1 will be low. Tmditon is maintained for

a preset amount of time (around 1S) and for this time the motor will be running in the clockwise
direction (refer the function table of L293). Then the logic of P1.0 and P1.1 are swapped and thi:
condition is also maintained fdn¢ same duration. This makes the motor to run in thechoakwise
direction for the same duration and the entire cycle is repeated. The Microcontroller (8051 chip t
ATMLE Corp.), L293DNE (16 pin motor driver), DC motor (here, a geared motor is used), 9V
battery, 7805 Voltage regulator, Crystal 11.0592 MHz are the components in this circuit.

L293D is a motor driver. As its name suggests it can drive a motor (normally DC motorsenain
range). Since the output voltage of 8051 is limited to 5V only thus motors with higher required volt
need some drivers to provide them their desiredtinpltage. What L293D does is, it takes the TTL
(0/5v) input from the output pins of microcontroller and forwards the output through itself of higt
voltage (required by DC motors). Connecting a DC motor directly to the pins of 8051 would not we

It may even damage the microcontrol{&syali et al, 201}
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L293D is a 1épin IC which can control a set of two DC motors simultaneously in any direction.
means that two DC motor can be controlled vaitsingleL293D IC. The L293D can drive small and
big maors as well. It works on the concept ofdddge. Hbridge is a circuit which allows the voltage
to be flown in either direction. Notice that voltage need to change its direction to be able to rotat:
motor in clockwise or anticlockwise direction, Henld-bridge IC are ideal for driving a DC motor
(Asyali et al, 2011)

There are two Enable pins on L293d. Pin 1 and pin 9, for the motor to be to driven, the pin 1 a
need must set high. To drive the motor with lefbktige, pin 1 need to be enabled tghh And to
achieve right HBridge the pin 9 must be made high, but if either pinl or pin 9 goes low, then 1
motor in the corresponding section suspends
L293D, pin 2, 7 on the left and pin 18,bn the right. Left input pins will regulate the rotation of
motor connected across left side and right input for motor on thehayitt side. The motors are
rotated on the basis of the inputs provided across the input pins as LOGIC 0 or LOGIC 1. Sin
there is need to provide Logic O or 1 acro
Motor connected on left side output pins (pin 3, 6). For rotating the motor in clockwise direction,
input pins have to be provided with Logic 1 andylooO (Asyali et al, 2011

APin 2= Logic 1andPin 7= Logic 0| Clockwise Direction

APin 2= Logic 0andPin 7= Logic 1| Anticlockwise Direction

APin 2= Logic 0andPin 7= Logic 0| Idle [No rotation] [Hilmpedance state]

APin 2= Logic 1andPin 7= Logic 1| Idle [No rotation]

In a very similar way, the motor can also operate across input pins 15, 10 for the motor on-+he 1
hand side. VCC is the voltage that it needs for its own internal operation 5v; L293D will not use
voltage fordriving the motor.

For driving the motor, it has a separate provision to provide rsaflyVSS.L293d will use this

to drive the motor. It means if a motor is to be operated at 9V then there is need to provide a Su

28



of 9V across VSS Motor supply. Theaximum voltage for VSS motor supply is 36V. It can supply
a max current of 600mA per channel. Since it can drive motors Up to 36v, the use of L293D wiill
enable it drive big motors. VCC pin 16 is the voltage (in this case 5V) for its own internal Qperati

(Asyali et al, 2011

2.1.15 H-Bridge Circuit

The name "HBridge" is derived from the actual shape of the switching circuit which control the
motion of the motor through the motor driver (L293D). It is the circuit in which 1293d IC shown in
figure 2.17is mounted. It is also known as "Full Bridge". Basically, there are four switching
elements in the HBridge as shown in Figure 2.18. Thebldge is connected to p1.0 and pl1.1 of the
8051 microcontrollers, if p1.0 is low and p1.1 is high, the transist@rarn@d Q4 will be biased and
allow the flow of current from the Vcc through Q4 to Q2 and then to ground, there by rotating the

motor in the anticlockwise directiqAsyali et al, 2011

4.5V to 36V DC

| 16 8 U2
vsS VS OuUT1 :
ouT2
ouT3 :;
GND GND OuUT4

L293D

Figure 2.17: Modified H-bridge Circuit (Asyali et al, 201)

If p1.0 is high and p1.1 is low will be bias, Q1 and Q3, thus allowing the collector current to flows

from the Vcc through Q1 to Q3 and then to ground, there by rotating the motor in clockwise

29



direction as shown in the diagram below. The abo\witlige cicuit is applicable only when the dc
motor voltage is only 5v, however in the situation where by the dc motor voltage is greater than !
the above Fbridge circuit is modified (Figure 2.18).

The above circuit is also made up of four transistdiridge. Torun the motor in one direction, Q5
and Q8 are turned ON and Q6 and Q7 are OFF, the left side of the motor is at 12v and the right
is at ground. And hence the motor will rotate clockwise direction. To reverse the direction of rota
of the motor, Q@and Q8 are OFF and Q6 and Q7 are ON, this will rotate the motor iolackivise

direction(Asyali et al, 201}

2.1.16 Microsoft Visual Studio 2010

The Microsoft Visual Studio 2010 is an Integrated Development Environment (IDE) that is used
createsoftware applications that may vary from windows forms, up to web services. It includes a
code editor where the program code was created, debugged, compiled, and run. In the software

program used in the system, the source code was written in Visual Cé#dganRommer et al,

2011).

2.1.17 C# Program
The C# program is objedriented software that can be used for serial interfacing. The PC Softwa
at the SHRAC unit is a C# program. It provides the overall logic of the software utility, manages

serial caita between the PC and the Microcontroller, and allocates control signals.

A C# program can be used as windows applications, web applications, web services,-bysness
applications, mobile apps, games, and other software utilities. It uses thegpaltility of .Net
Framework Class Library which consists ofjmalt componentsKommer et al, 2001

2.1.18 .Net Framework 4.0

The .Net Framework class library comprises of thousands diwpltefunctionalities that can be

used in software applicationSome of its features may include but not limited to ADO.NET for
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database applications, Windows Forms for desktop user interfaces, and Web Services for web
applications. The .Net Framework is apeguisite for the SH Software Utility Program in the

SHAC unit of the system desigiRommer et al, 2001

2.1.19 8051 Microcontroller Development Environment(Sitompul & Sihombing,

2018).
The Arduino Development Environment is the software used for developing sketches
(Microcontroller programs) and their corfgdion and upload to the Microcontroller hardware. This
development environment has a text editor for writing source codes, a text console for simulatiol
testing, message area for serial data output, and different tools with several functions. The code

swported by this environment are written in C language.

2.1.20 VoiceGP DK-T2SI

This is a Software Development Package for VoiceGP Modules. It includes all the software tools
needed to develop voice recognition capabilities on some applications. THispteset package

i ncludes the VoiceGP | DE, FIl uent Chi p Techno
QuickT2SI Lite. The VoiceGP IDE is used to develop the program logic of the VoiceGP module :
involves all functions, decisions, and operations of tbe®GP module. The FluentChip Library
consists of important files in VoiceGP software development. The QuickSynthesis involves
synthesizing audio for integrating them in the VoiceGP program. In the design, the .wav files (vo
responses) are processedhia QuickSynthesis tool in order to use them in the program. The
QuickT2SI Lite software, on the other hand, is used to integrate easy speech recognition comme
to the VoiceGP module. QuickT2SI (TexxtSpeeckHndependent) allows the user to program
cusbmized speech commands, with its corresponding stresses and sounds, and create resource

that can be used in VoiceGP IDEdmmer et al, 2001

2.1.21 Sketches
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The software written by 8051 development software is called a sketch. A sketch ptgitiegc
of the program embedded in the Microcontroller. Written in C language, it dictates the overall flo
of the system, distributes decisions and controls, and manages the data reBauncesr(et al,

2011).

2.2 Review of Related Works

This section pesents a review of various research works done in the area of smart homes and th
related areas. In the related works, areas of knowledge and recognition models are summarized
while principal focus is on the application of such models to human behad@saecially to the

accurate monitoring of activities of daily living in smart homes.

2.2.1 Home Automation

Home Automation (HA) is achieved from Building Automation (BA). BA has been a research fiels
for the many decades and has contributed with manyatds, theories and technologies, which
have been published and commercialized (Mohamed & Ahmed, Z0iughout the years

building automation has developed from performing simple controlled functions such as regulati
the heating, ventilation, and @onditioning to handling the changing needs throughout its lifecycle
(Sauter et al, 2031BA covers an umbrella of network and computerized technologies that are
integrated into commonly available building management systems (Mohamed & Ahmed$Sagil4

et al, 2012

In this Information and Communication Technology (ICT) era, the home automation systems hay
developed in a pragmatic point of view as a residential expansion of the building automation are
(Turner, 2011). The purpose of home automatido ease life for its occupants by controlling
mundane functions such as light, ventilation, heat and appliances to improve comfort, convenier
and energy efficiency in the automated homes. This is performed in@aut@mmomous way by

adding simple remetcontrolled, timer based and gpegrammable functions (Lynggaard, 2013).
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Examples of remotely controllable domestic activities could be heating, lighting, houseplants,
entertainment systems, pet feeding, yard watering, and controlling different kitoisie$tic robots
such as vacuum cleaners. This is a research area in focus today where researchers look into
optimizing and maturing the technologies for bringing them into generabasgg €t al, 201;2
Liutkevilius et al., 2011).

The smart home area erges from the technologies researched and developed in the home
automation area and the building automation ar&ksr|(, et al, 2012; Martirano & Mitolo, 2020

Sagi et al, 201R Thus, smart home is considered an extension of these (the home automation ar
and the building automation) areas where more advanced control features and autonomous beh
are added in the form of intelligence. In addition, it is stimulated by the Internet of Things (IoT)
research area (Bandyopadhyay & Sen, 2011). The Interii¢immgs (I0T) research area provides
context awareness, processing capabilities, and communication possibilities to physical things ir
general. Whereas the smart homes area is a subset of this dealing with homes only; however, tt
technologies and functiatities are developed in the |oT area. Currently, many drivers are fueling
this area, especially consumer, Ambient Assisted Living (AAL), entertainment industry, and gree

technologiesAlam, et al, 2012; Martirano & Mitolo, 202@pperley et al, 2011

With rapid economic growth, living standard are also rising day by day. The modern society wan
saf e, economi c, comfortable and convenient
IS a very promising area. Its main benefits range from inctleas®afort and greater safety and
security, to a more rational use of energy and other resources, allowing for significant savings. It
offers powerful means for helping and supporting the special needs of people with disabilities an
particular, tke elderly. This application domain is very important and will steadily increase in the
future (Renato & Jose, 2000). HA refers to a residence that integrates technology and services
through home networking to improve the quality of living. It is not a tesm for the science

society, but has been around for a significant time. Home automation includes mainly centralizec
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control of lighting, temperature, appliances, and other systems to provide improved comfort,
convenience, efficiency and security. Foratied and elderly persons home automation can be the

substitute for institutional care.

(Magsood, 2014) implemented techniques and provided a viable solution to realize home autom
system which constitutes Bluetooth control via Android app developimeim:house control and
Global System for Mobile (GSM) Communication technology for mobile control using Arduino.
(Cubukcu et al., 2015) has implemented speech recogiitisad remote control of home devices
(Adriansyah & Dani, 2014) designed a systere &b monitor and control lights, room temperature,
alarms and other household appliances. The hardware part mainly consists of a digital computel
Arduino Uno board, Light Detecting Resistors, Temperature sensor (LM35), Liquefied Petroleurnr
Gas (LPG) ad Smoke sensor (MQ2), Temperature and Humidity sensor (DHT11), Webcam, and
DC Motor, which are being discussed along with their specific functions.

Home automation allows the control of home appliances like door, light, fan, oven and so on. It &
provides emergency system and home security. It enables the occupant to have more control of
home, and is facilitated by home automation that reduces human efforts and time saving (Nares
al, 2013). Sadeque Reza Khan and Farzana Sultana Dristy preseAtett@d based control

system which can maintain the security of home main entrance and also the car dd®ezackt(

al, 2015. Aniket Yeoleand co, represented the implementation and design of a secure RTOS ba:
home automation system using ATMEGA where the important features like electrical appliances
sensors were connected to the board through the Input/outputBransh@nkar &, Sape, 2015%.

The Authors, B. Murali Krishna and co, presented a home automation system using Android Sm
Phone to control an application. A Bluetooth module is connected to FPGA board to control the
home appliancesfishna et al, 2016 Home automation g remote access and its good features
were offered by Satish Palaniappan, andRalgniappaet al, 2015). They specified GSM network

as the candidate for this purpose. The system is available from all over the world to a user in ree
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time. The design anidhplementation of a low cost, tangible, flexible based device automation

system depending on secure cell phone was done in (Nupur et al., 2014).

Lia Kamelia, and et al, proposed and produced a prototyped system called door locks automatio
system using Bietoothbased Android Smartphone. (Kamelia et al., 2014). D.Jaya Sree and
M.Jhansi Lakshmpresented the design of Home Automation System that replaced the existing
electrical switches which status is synchronized in all the control system with lowevalttigating
method that provides more safety control (Jaya & Jhansi, 2014). A-contsolled home

automation system that uses an Arduino Uno microcontroller with smart phones for the operatiol
was done inAlbakhait et al, 201P Here, different desigand home appliances such as different
electric applications, which are controlled using Arduino UNO Microcontroller Based Home
Automation System are presented. The system performs its function by controlling the DC mota
speed and its direction, bulb, fand heater using a smart phone application with Bluetooth wireles

technology.

2.2.2 Smart Home System

Here, the authorfGhazal & AFKhatib, 2015 in their workstated that smart home automation
system is increasingly used due to the wide manufactusadbrand various available technologies.
From a social point of view, residents are admitted to smart homes for comfort, luxury, improving
quality of life, and for providing security against intrusion and burglars. Secondly, home automat
is achieved usig a single controller, for monitoring and controlling of interconnected appliances
such as lights, power plugs, HVAC system, humidity and temperature sensors, gas, smoke and
detectors, audio, video and home theater as well as security and emeygéemg sSmart homes

are cheap, lovpower, cost effective, efficient, and realize the automation of a variety of domestic
appliances using a usétendly interface as remote control or any other handheld device. Elderly,

handicapped patients, and peopléhvdisabilities who have locomotion difficulty can benefit from
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this smart home to totally operate, with high performance, all appliances and devices from anyw
in the house. When a resident is living alone, the ubiquitous access becomes very irapadritast
realized by using XBee transceivers that maintain RF wireless communication between the remc

control and the master control panel board

In their study, they designed a smart home that was intended in particularly to the elderly,
handicapped, decrepit, cripple and disable people. It enabled these kinds of residents to control
operate an assortment of appliances. These attempts offiealessystem that provided solutions

to be applied to impaired individuals.

The proposed system is specialized forgxesting houses despite of its eligibility to be extended to
new houses. The main idea is that the target persons, particularlgehg, ere living at home most
of the time. Since the end users are constantly residing in their dwelling, the web server mode a
the GSM mode arenodt efficient while the cor
not cover all the domicileraa. The concept of this suggested project is to use wireless
communication using XBee transceivers (Krishna & Nagendram, 2012) that achieves the total
control between the remat®ntrol tool and the master main board. The latter is based on

microcontrolle commanding relays that toggle the current states of the appliances’ switches.

Various technologies are offered by thb@me community and presented by the manufacturers
starting from peculiar software installed on Laptops to dedicated applicatioim®oa mobiles,
android devices, anddevices; from touch screen, keypad to apparatus supported by buttons and
switches. In fact, the disabled people could find devices with touch screen control panel confusir
and difficult to use. Therefore, they needraer remote control such as lasargraved backilit
buttons, some switches, and equipped with a LCD screen to display necessary notifications. To

command button is associated a warning LED light that visualizes the situation status of the
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correspondig appliance. All operations are governed by a microcontroller where the EEPROM

memory gives the opportunity to lock the remote by means of pass code stored in its memory.

As previously mentioned, the proposed home is assumed to hagrigtiag wiring wich allows

the user to use one master control board. Nevertheless, multiple master boards could be configt
in order to group the variety of appliances according to location or types. However, the master
control board is based on a microcontroller ifeed with an XBee transceiver module to ensure
full communication between the remote control and its base. The microcontroller pins are conne
to relays and sensors where the configurations of the On/Off functionality of the demanded

appliances are prmed according to conditions specified by input sensors.

The XBee transceiver module, Series 2, allows creating complex mesh networks baseBes Zig
firmware. It allows a very reliable and simple communication between microcontrollers through
serial pot data transfer. The XBee features (2mW output, 120 m rangejrbaiitenna, 250 kbps
max data rate, and 8 digital 10 pins) are convenient for their purpose. Moreover, XBee is suppor
by pointto-point communication adequate for using one master l@aidaorroborative also by
multi-point network compatible for using multiple master boards. The configuration of XBee is
simpler, if the remote control the connection to the XBee runs as a server, whereas that linked tc
master board runs in host mode. ™i&ee characteristics give immunity against interference from
neighboring systems and avoid the interaction of closer systems which averts the interruption in

services.

The realized prototype is designed to control eight different appliances: tghtse arden lights,
Heating, Ventilation, and Air Conditioning (HVAC) system, entrance lock door, security system,
emergency system, heater, and houseplant watering. However, the system can be extended for
number of operations. The relays (Figur&®) are considerably adopted to let the low power contro

signal generated by the microcontroller operate high power devices. The diode connected in rev
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bias mode protects the transistor against inductive loads that can damage it due to their back
electromotive force. Moreover, relays can be replaced by triac that can be suitably applied to cor

AC power elements such as motor speed control, light dimmers, and temperature control.

Mains Lamp
72 MR
220V
Q
Qutput o
Port —
PIC

Microcontroller

Figure 2.18. An Appliance On/Off Commanding Orders Using RelayGhazal & Al -Khatib,

2015

The designed system is conceived by means of a recnateol device that sends orders wirelessly
using XBee transceivers and by the master board that receives these command signals and acti
appliances by triggering the assoethtlectronic relays to achieve the ON/OFF functionality. The
remote control consists of an LCD display for notification messages, many indication LEDs and
eight command buttons for the different appliances, where each button corresponds to a specific
applance. Based on a social point of view, buttons are suitable for the categories of people that
intended to employ this system. Nevertheless, buttons could be replaced by touch screen device
individuals that have an increase knowledge and fanyliauith similar visual display screens.

Whereas the master board is placed into a wall position in such a way that it will have the capab
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to reach the target appliances. Indeed, the remote control and the master board are
intercommunicating to exchaagnformation concerning which appliances are selected to be
commutated ON or OFF, as well as the status of the selected appliances sent backward from m
board to the remote control in the form of text messages. The XBee transceivers are picked out
ensure secure data exchange without interference and to be protected against intruders and hac
In fact, the XBee configuration phase required the knowledge of some specific id code that reali:

certain security levels.

The procedure of functionaligf the home automation system specialized for elders and people w
disabilities can be summarized by the following steps. When a button particular to a specified
appliance is pressed, an alert LED assigned to this appliance is illumined and an adagéensess
shown on LCD. Moreover, the remote control sends RF command signals to the master board tc
processed stored as nhew commands. Then, the master board processes the received signal, an
complete treatment will acquaint the microcontroller albbatcorresponding appliance and the
associated pin ports from which the trigger signal should be initiated. When the switching circuit
activated by the microcontroller signal, it turns ON or OFF the appliance according to its previou
status. Finally,ite master board will periodically broadcast the elapsed time, the situation and the

position of the appliances being worked upon and display them on the LCD of the remote contro

The entire system was completely built by the authors using woodengrotog/pe and the home
appliances were modeled by small fan and a group of lights. They tested the software to ensure
the program code does not include bug errors and produce unexpected results. However, the de
and the implementation of the systeardware realized validates their system design, and this
shows that the complete operations are executed correctly. Home automation systems had
progressively developed as an important field of control systems. The implementation of such
systems continuougincreased especially with the tendency to standardize their processes. In fac

one of the major importance of standardization is to make different kinds of devices produced fr
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various manufacturers, capable to cooperate, communicate and functidmghitbvels of
harmony. More so, the standardized advanced processes and numerous techniques that were
presented here, tend to reduce the prices of smart home, make integrated system simple, easy

handled, and to achieve permanent degrees of sed@hfzél & Al-Khatib, 2015.

Their proposed home automation system was dedicated to the elderly, people with disabilities,
handicapped persons and others. It consists of remote control supported by command buttons a
provided by alert LEDs and LCDs for shawgimessages. The unique master board toggles the
ON/OFF switches of the appliances by means of relays. The remote control and its base
communicate with RF signals realized by XBee transceivers.

Despite the authors designed a system for individuals thaiteedess efforts to move, the system
can as well be configured to accommodate other users by integrating multiple functions to variot
system models. However, it can also be adopted in hospitals, and health care centers. Besides |
secure communicatiorachieved by the XBee transceivers, another advantage of this technology
resides in the characteristics of putting the system in sleep mode when it is unused for a period
then awaking it when commands are induced. This feature is of great interest asuertains an

energy saving option and low power consumpti@hgzal & AtKhatib, 2015.

The authors ifManisheet al., 2017), designed Home Automation System (HAS) to assist and
provide support in order to fulfil the needs of elderly and disaldeglp at home. It has been
designed for mobile phones having android platform, to automate Bluetooth interfaced
microcontroller which controls home appliances like lights, fans. It presents the automated apprc
of controlling the devices in a househdiet could ease the task of using the traditional method of
the switch. The most famous and efficient technology for short range wireless Communication
Bluetooth, is used here to automate the system has been around for more than a decade. In this
project, avoice controlled wireless smart home system has been presented for elderly and disabl

people. The proposed system consists of two components namely: voice recognition system, an
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wireless system. Android application has been used for voice recogiystams On the other hand,
Bluetooth wireless modules have been used to implement the remote control.

Figure 2.20 illustrates the overall control function of the Home Automation System (HAS). This
system was installed directly into the wall. A Bluetoothidewelps to connect the device (Smart
Phone) with the Graphical User Interface (GUI) wirelessly. An Android app is created to send the
commands to Renesas Microcontroller through Bluetooth device. Input of the commands is voic
based. Google text speeshused to give the voice input. Upon receiving the command, the

microcontroller drives the motor driver to change the state of led or fan. An emergency switch is

provided, i f lts state is changed, vV oticee an
Emergency. .. Please Help!!d LCD displays tF
LCD
LED
N\
BLUETOOTH RENESAS MICRO MOTORDRIVER
DEVICE [ 7| CONTROLLER 7| ([293D)
i\
EMERGENCY FAN
SWITCH
ANDROID APP

Figure 2.19: Block Diagram of Home Automation systenisource Manishaet al., 2017)

This section discusses about the hardware construction of HAS. Figure 2.20 shows the circuit
connection of Home automation system. The main control unit here is Renesasditaller,
R5F100LE which is used because it has serial interface featuraalibsésBluetooth connectivity.
Renesas microcontroller auto generates codes for the chosen ports also, which is useful in codi

Renesas Microcontroller operates at 32MHz, and it is-hitlicrocontroller, with Random Access

41



Memory (RAM) capacity of 4k and input voltage of 12V, but for this microcontroller 5V is enough
S0 a voltage regulator is used to cut down the voltage to the microcontroller required 5V level. It
64-pin microcontroller but the authors used only 58 pins, while the remainieg ®thins were

reserved.

Figure 2.20: Circuitry for Home automation system (source Manishat al., 2017)

For Bluetooth module H®O5 serial Bluetooth Module is used to establish connectivity between
main control board and GUI. The Motor Driver (L293B)ain integrated circuit used to drive the fan
and led light. It is used to vary the speed of the fan and control the brightness of the led light. It
requires 12V and 5V power supply. It is a dual channel which controls two motors i.e., fan and le
light with a single Integrated Circuit (IC). It uses 10 logics that is, if it is 1(high), fan and led light
enabled, ifitis 0 (low), fans and Light Emitting Diode (LED) light are disabled. Liquid Crystal

Display (LCD) is used to display the commands exechyeithe controller.

Light Emitting Diode (LED) is a semiconductor light source. This is used as a prototype for the
lights present at homes. Using this one can control the brightness of the LED light through the
commands. Central Processing Unit (CPU)ifabasically used for cooling down the CPU system.
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In this regard, a prototype for the fans that were present at homes was made use of. When curre
passed through the coil it creates magnetic field and the coil rotates which in turn rotates the fan
Emergency switch has three connections, for voltage, ground and to port. The initial value of the
switch will be zero. If the switch state is changed to 1, a command is sent to the android app thre
Bluetooth which will give a voice outputonthe andrgid@a s ayi ng Al t 6s an e
hel po

The software design section includes the main functions of the system designed in the
microcontroller and the GUI (Android). (Figure 2.21) The android app provides a login page whic
can be accessed by a particulaer. After the login is successful Android Main Page appears
(Figure 2.22). If Bluetooth is not enabled, a pgpmessage will appear to enable the Bluetooth.
After this, the Bluetooth module in the circuit is paired with the device Bluetooth and isatedn

When input voice command is given, it is sent to the micro controller, which executes the comm:

S W.d d i 958

admin

N | PASSWORD
\‘A l - & & @ -‘ ]

login clear

Figure 2.21: Android Login Page (source Manishat al., 2017)
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Renesas microcontroller is programmed through Cubesuite+ software. Portssame atwordingly
and using the registers or buffers available, the program is coded. The program is compiled. Afte
compilation a .hex extension file is generated, which is dumped onto the microcontroller. Upon
receiving the command through Bluetooth, thedtions written into the microcontroller are
executed.

To dump the code onto the microcontroller NAND Flash was used through a software Flash
programmer. NAND flash is a type of neplatile storage that does not require power to retain the
data. It carbe electrically erased and reprogrammed. The advantage of NAND flash is faster to

program and erase time.

Home Automation

proceed with available
tions below

rtkk Click to Speak

Figure 2.22: Android Main Page(source Manishaet al., 2017)

Due to tremendous growth in technology and advancement in wireless communication, smart w:
living has turned out to be a major part in the present era of human life. Design and implementa
of home automation system using android for mobile phonédwas discussed. The remote

controlled function by the smart phone provides help and assistance specially to disabled and el
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people. This proposed system has two main components namely a voice recognition system, an
wireless system. The Android dmation was used for voice recognition system. On the other hanc
Bluetooth wireless modules have been used to implement the wireless system. Home automatic
application system was tested on various android mobile phones to ensure it error free. The Hor
Automation System furnishes a good paradigm for any automation system based on android ma
phone and Bluetooth, (Manisktal., 2017). The system architectural block diagram is shown in
Figure 2.23.

However, Sonali ifSonali et al, 2015) observedhrs research on an intelligent home system, that
automation is a trending topic in the 21st century making it play an important role in daily lives.
That the main attraction of the automated system is reducing human labour, effort, time and errc
due to mman negligence. With the development of modern technology, smart phones have becc
necessity for every person as applications are being developed on Android systems that are use
everyone in various way$onali et al, 2015)Another upcoming tectology is natural language
processing which enables us to command and control things with voice. Combining all of these i
this paper, a micro controlldrased voiceontrolled home automation system using smartphones
was presented. Such a system will dealsers to have control over every appliance in the home
with their voice. All that the user needs are an Android smartphone, which is present in almost
everybodydéds hand nowadays, and a contr ol ci
Arduino Uno microcontroller, which processes the user commands and controls the switching of
devices. The connection between the microcontroller and the smartphone is established via

Bluetooth, a widespread wireless technology used for sharingStatali ¢ al, 2015)
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Figure 2.23: Block Diagram of the SystenfiSonali et al, 2015)

Android is a mobile operating system (OS) based on the Linux kernel and currently developed b
Google. With a user interface based on direct manipulation, the OS uses toushhaplatosely
correspond to reakorld actions, like swiping, tapping, pinching, and reverse pinching to manipule
onscreen objects, and a virtual keyboard. The Android platform was used because of its huge
mar ket gl obal |y andace (fart&Shig2813. Ypplications enehe Ansireid |
phones extend the functionality of devices and are written primarily in the Java programming
language using the Android software development kit (SDK). The voice recognizer which-is an ir
built feature & Android phones is used to build an application which the user can operate to
automate the appliances in the ho(Senali et al, 2015)The user interface of the application is

shown in Figure 2.24.
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Figure 2.24: Interface for the Voice Control Applion (Sonali et al, 2015)

The microphone button is tapped and the voice command is given to switch the corresponding
device on/off. The voice recognizer listens and converts what is said to the nearest matching wa
or text. The Bluetooth adapter presenthe phone is configured to send this text to the Bluetooth
module on the Arduino Uno board that would in turn control the electrical appliances through the
relay board¢Sonali et al, 2015)Using the abowenentioned components, the author implemented
the proposed system on a breadboard. The microcontroller device with the Bluetooth module an
relay circuit needs were attached with the switch board, and they then launched the android bas
applicationi Aut oHome 6 on t hei r S mationt themicroentrollériisr o u ¢
instructed to switch on/off an appliance. After getting the instruction through the Bluetooth modu
the microcontroller gives the signal to the relay board.

The application first searches for the Bluetooth device, andsiavailable, then it launches the
voice recognize(Sonali et al, 2015)it reads the voice and converts the audio signal into a string. |

produces a value for each appliance which will be given to the microcontroller device. The
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microcontroller uses thgort in serial mode. After reading the data microcontroller device decodes
the input value and sends a signal via Bluetooth module to the parallel port through which the re
circuit will be activated. In this work, a GSM module can also be attached twattk to enable the
use of the applications anywhere mobile network is avail@btmali et al, 201530me images to
illustrate the working of the system have been given in Figures 2.25 and 2.26, while the system

operational flowchart is shown in Figu2e27 below.

Paired Devices

HC-OS5S
ST 0O F77—"3A 11 =63

Scan for devices

Figure 2.25: Application connecting to the Bluetooth deviceSpnali et al, 2015).
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Bedroorm Light 1 is ON

Figure 2.26: Turning ON Bedroom Light 1 Sonali et al, 2015).
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Figure 2.27: Flowchart of the entire systen{Sonali et al, 2015)
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The proposed project undertaken is a viable solution to the need of automation at the basic leve
the homes. The project enables bringing of every appliance at home under control from a single
point without having to get up and manually switch on otludfapplianc€Sonali et al, 2015)The

use of a Bluetooth module assists the use of this system from various locations in the house. Th
system is further simplified by allowing appliances to be controlled by the user's voice. The user
need not have todve to immense knowledge over the language of English. Just by saying the
appliance name and the corresponding number assigned to that particular appliance, and telling
switch on or off will enable the user to have complete control over any apphgthcat any effort

(Sonali et al, 2015)

Android applications are very simple and user friendly allowing the user to understand its
functionalities in very little time. Hence, the use of android applications in this system allows a us
to easily learn tl process and get accustomed to the functions. Moreover, the entire system is ve
flexible and scalable. Any number of appliances can be added as and when required. Hence, thi
systems find use not only in houses but also in many offices where appliaceesgans or lights

on multiple floors can be controlled by a person on any of the floors, saving manual labour and
human effort to switch on or off the electronic appliances, thereby saving time. This system, thot
primarily aimed to reduce human effowill be of much importance to old aged people and
physically handicapped people. It will enable them to control their home devices with ease, withc

going through much pressure or stress of moving al@uartali et al, 2015)

Due to the inexpensive mais used in the construction and further cost optimization if the device
is taken to the market, it finds application in a wide area. Scalability of the project would be
considerably easier as the device can be used in every building using electliaatap@and

deviceg(Sonali et al, 2015)

In addition, there have been many advertisements broadcasted are promoting awareness to swi

household appliances when not in use and thus save electricity. Hence, such a project would as
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the initiativestaken by the government, as most people forget to switch off home appliances and

too lazy to return and switch it offS¢nali et al, 2015).

2.2.3 Voice Recognition
Voice control method offers a more user interactive approach in delivering contnolacws
(Ningqing et al., 2013). By applying speech recognition system, a system can be developed to h
user control devices remotely. The voice control system for ZigBee based home automation has
i ntroduced in journal df WiZie¢gBsess ISanmaed WHoOIME
independent automatic speech recognition technique has been used. In this system ZigBee netv
receives voice command as input to an ARM9 controller, which converts the data into a required
format to be used in theianocontroller. Finally, the system generates some control characters to
switch ON/OFF the home appliances (Obaidle2014; Muthuselvi & Saravanan, 2014).
There are two types of speech recognition sysiespeaker dependent and speaker independent
sydems. Speakédependent system is designed for a specific speaker that works by learning the
unique characteristics of a single person's voice (Prabhakar & Sahu, 2013). It is also known as v
recognition. New users must first "train" the software byakpeg to it, so the computer will analyze
how the person talks. This system is useful as the security system. Spdakendent systems on
the other hand, require no training phase with data of users, and are desirable to many applicati
where trainings difficult to conduct (McLoughlin, 2009).
The Microcontroller (Arduino) played an important role to integrate with Easy Voice Recognition
(VR) Shield (Rani, 2014). The proposed system is using a spdagendent system to train the
password command. this project also using the password command rolled as the security of the
system. Therefore, the usage of both boards can be used to develop a speech recognition syste
model of the system in Easy VR Module is Hidden Markaged Model (HMM) Model.
Several models have been proposed in the literature to perform an efficient recognition of humal

behavior. The probabilistic theory was a widely used approach in dealing with the uncertainty of
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data collected from sensors. It provides a mathematical eypet®n for degrees of belief. For
example, (Yu et al., 2018) developed a Hidden Maitsased model to provide an automatic system
for the detection of falls. The Hidden Markbased model is used to detect falls based on data
collection by motion sensar$he work highlighted the benefits of the proposed model based on th
accuracy rate of detection. In order to build a pervasive environment, the recognition of Activities
Daily Living (ADL) is a key task. (Kabir et al., 2016) proposed a-tayer HMM to design an ADL
monitoring system. The results showed that the two layers readfeative recognition

performance if compared to the conventional modelLimn €t al., 2017, a hierarchical model was
proposed to accurately detect the complex walkirigiies based on decision trees, random forest
and HMM. The decision tree is used to detect the cagreiaed distinction of the human motion
mode. The random forest is used to perform the motion mode of thgréimed distinction. The

HMM is used to btain a robust walking recognition. The results confirmed the accuracy of HMM
which performed 93,8% of accuracy. (Wang et al., 2016) proposed a new model named Sliding
Window-based HMM (SWHMM) in order to recognize the activities of daily living. First, a
sequence of activities is divided into several fixed size, then, eaetegulence is evaluated using
HMM. The results showed that the performance ofISMM is better than the conventional model.
(Kim et al., 2016) proposed a new model based on HMM, nathidd Ensemble (HMME), in
order to recognize the humansd activities.
achieved using smartphone sensors. If compared with traditional recognition activities models, tt
results showed the best parfance of HMME regarding the recognition. The work discussed in
(Liu et al., 2017 further stated a new model calldderarchical Continuous Hidden Markov Model
(HCHMM). The results showed that the hierarchical structure increases the performance of the

activity recognition with a better performance regarding the accuracy with 93,18%.

Further recent techniques were discussed in support of independent living and ADL recognition
(Yahaya et al, 201 FEIbayoudi et al, 2019 The approaches identify abnormialt activities by
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detecting any significant deviation from usual routines. The ability to adjust normality scores mal
the proposed system more flexib¥ahaya et al, 2099In a multisensor space, measuring the
progressive tr en dsallowsproviding relevant indicatarssto hbaithth a v i
stakeholdersEIbayoudi et al, 2019

2.2.4 Assistive Device Projects

The wheelchair project brings together researchesantonomousvheelchairaswell asfrom thearea

of dialoguemanagement. Wheelchaiare rich and promising platform for intelligent agents and are
being exploredy many groups aswaayto assist the aged individuals. Some of the significant
researches thatavebeenconductedn thisarea includegSimpson, 2005; Sukerkar, et al, 2018

which addressetheapplicationof techniques from robots to autonomous wheelchair navigation. The
(Pires& Nunes2002), thatealt withautonomousvheelchair whiclhusesa multilayerarchitecture

with capabilityof navigatioraswell asobstacleavoidanceii T h i s aduness¢dsuesuchas
mappingwhichincludesequippingheenvironmenwith Infra-Red(IR) beaconso aidnavigationand

| oc al i TheShariatawheelchairNuttin etal.,2001)focused its research on the robotic control
of the wheelchair. Theserdirectsthewheelchaiwvia the joystick. The guidance system then attempt:
to infer the intention of the usasing a Bayesian estimation approach to combine the environment
information withthe user input, and selects an acsach as obstacle avoidance, passing through a
doorway,or approachingtable. The Mihailidis (Mihailidis et al, 200 usedsensorgo preventauser
from colliding with obstacleandissuesvoice promptswhenpotentiallydangerousituationsare
detectedTheHephestugSimpsoretal.,2002); (Simpsoetal.,2004)wheelchaiprojectsoughto
develomsetof componenttaid withobstacleavoidancendnavigationonelectricwheelchairsThe
maingoalwasto develop these components iway such that they coulde applied testandard
commercialvheelchairsvith little ornomodificationto thechairitself, toallow awideradoptionof
suchsystem. Thoughgwheelchaircanbetreatedasarobot,it is necessartyo takethehuman into

account.The motiorrepresentatioworkwith humangGulati& Kuipers,2008) developedsmooth
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pathfor thewheelchaithatis comfortableor theuser.The resultshowedsmoothmotionin areasvith
tightclearancéhatmight causeherobotto slowconsiderablyr movesharply. The work (Tahaetal.,
2008)addressetheissue of theiseof Partially Observable Markov Decision Processes (POMDPS)
for robotnavigationanduserintention.n that work POMDPswvereusedo construcamodelofthe
environmenandpathplanning. As the user provides input via the joystick, the system attempts to
determine the destination of the user, and help navigagdsit. This system also estimates parts
of themodelthrougheachindividualu s eexp@&reence. Th¥oice contol motionsystem
(Suryawanshi et al, 20),32arlywork on a speeckcontrolledwheelchairwasableto recognizeonly
simpledirectionalcommandsHowever thiswheelchaiprovidedhoassistanceith thenavigation.
The(Cesta et al, 200%)lowedthe user to provide input directions via fbgstick or a speech
recognition. A ¢ o mb obstactkavaidaneeandvall falowingbehavioosn s v
were achieved through a behavised approactn theirwork (Demeesteetal.,2006) introdeed
Bayesiarestimatiormethods in their attempt to infer the intended path of the user. An attempt to
estimateheu s edesirexsoalbasednthecommandssuedandsense@nvironment, and th&ystem
attemptgo accounfor theuncertaintyin theu s eimp6t.g he authors ifMandeletal., 2005)

directed their researan sensoffusionandlandmarkidentificationfor mapping and navigation.
Users here were able to control the assistive device through the stagdtickorthespeech
recognition.Thespeechnterfaceusedasemantigrammarto analyze syntactically by assigning a
constituent structure to a sentence, that woalddverresulted in a policgfmapping to actions and
did not utilize a full dialogue model. In Aware Ch@iavis etal.,2003), the authors focuseah
capturingheu s e r 0 s TheAware harattemptedo predictthedirectionof the conversatiorto
hel p deter mi ne t h eexammiegihdstateoi threeneironmentasweltasthe o u g
commandg$rom theuser. A POMDP interfaceaspresented for wheelchaontrol(DoshiVelez, et

al, 2013, to bringtogethedialoguemanagenent, with wheelchair control
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(Vairavel & Nevetha, 2020) Hand gesture wheelchair system is trending nowadays for disabled
peoples, Bnce, Vairavel and Nevetha in their paper, designed a hand gesture wheelchair systen
a disabled person using the raspberry. This was useful for disabled persons who face difficulty i
moving from one place to another in daily life. Normally wheelchaiesdriven by the help of other
persons or by one self. Various types of wheelchairs are constructed like the joystick control, ey
control and head control systems. And in their proposed system, they used hand gesture for
movement of a wheelchair by caphg hand gesture using a web camera, the wheelchair moves
according to the numbers of fingers captured. The camera which is the input device to this syste
captures the fingers of the user, and send image to the system, which processes and reeognize:
number of fingers, and move the wheelchair to the required direction. That is, when one finger is
captured, wheelchair moves left side, two fingers move right side;fihggs moves front side and
four-finger it move backside (Vairavel & Nevetha, 202D)he main aim of their work was to
implement an automatic wheelchaising hand gesture reorganization.

However, Jha & Khurana, 20)6lso proposed hand gestuamtrolled wheelchair. In their

project, they developed a wheelchair system used for dd@eloples with hand gesture or
movement of hand recognition by using MEMS technology. Embedded C programming was use
program this system. Microcontroller provides easy communication to receiver and transmitter, t
tends to control the wheelchair bging MEMS technology. MEMS is used for detecting the tilt and
it is also coseffective system.

(Tatigutla, 2017) introduced a wheelchair robot using Raspberry Pi in their work the data are
collected from the MEMS sensor or the android app. Here theyatiched the touch screen and
voice playback module to the wheelchair system. For any emergency, the user touches the touc
screen in a specific area, then the voice playback module will play the voice message via the

speaker. GSM module is interfacedsistem enable the mobile device communicate to the
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controller. Here the obstacles are detected by the ultrasonic sensor and if any obstacles found it

the wheelchair automatically.

(Sharath & Anusha, 2015) proposed gesttortrolled wheelchair nornig wheelchair is not

controlled by ourselves it is controlled by other persons. Here the wheelchair is controlled by hat
gestures either by using head movement. The head gesture uses the accelerometer and for har
gestures touchpad is used. By using slwihode operation the user can use both gestures. Based
the input the accelerometer senses the angular movement of head. The wheelchair movement i

controlled by either using touchpad or accelerometer.

(llyas Malik et al, 201Yin his work on voicecortrolled wheelchair system the main advantage of
this paper is to control the wheelchair using the voice recognition sensor module. The user can
control wheelchair movement by using their voice no other person needs help. The wheelchair
movement is contradld by the dc motor and arduino controller and the obstacles are detected by
ultrasonic sensor, while the wheelchair is in motion, if any obstacle is found, the system will
automatically stop the wheelchair. And the main aim of this system is to ctir@nwheelchair

using users voice recognition.

(Selvaganapathy et al, 20lintroduced Wheelchair for physically disabled people with voice & eye
control in this system they used voice control and eye recognition for movement of wheelchair. T
eye moverant is recognized by the head camera and the wheelchair movement controlled by the
motors. IR sensor is used to avoid obstacles while the wheelchair is in movement. Locomotor

disabilities peoples can use this project.

(Tsui & Yanco,2007) explored aisualinterfacefor the manipulation of a robotic arm attached to a
wheelchairThe LCD in front of the wheelchair display the current areas to enable the user select
object which is then grippdaly the robotic arm.This interfacewasdiscoveredo befaster and more
comfortable than a meruased systenandreducedhecomplexityof objectrecognitiorby allowing
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theuserto narrowin ontheobject. Also Felzer& Freisleben, 2002) used Electromyography (EMG)
signals to control wheelchairs. Hesensors were deployed to detect muscle contradtien,
mapped into set of basic c¢ommaahdadftarttaicimgwiths
thesubject.Thisinterfaceis found to badealfor usersvho cannotoperateajoystick or speak.

(Sharath & Anusha, 2018evelopedsagesturebasednterfacefor inputinto asystem.This is atext
inputsystemhatrelied ongrossgesturesandtheallowingusersvholackfine motor control to input
textby utilizing theadvantagef touchpad edges. Experiments conducted on users, found this interfe

to bea comfortablenput system for text entry and designating commands tevtieelchair.

2.2.5 Knowledge methods

A great dfort has been devoted to identify techniquedfiectively nodel human behavior in smart
environments. Many techniques based on machine learning and pervasive computing were use
achieve a better prediction of human activities and scenafioank et al, 2018and (Abdelrahman
and Wang, 2019) proposed a ke&lue modeling. This type of knowledge modeling is based on the
simplest data structure to describe a given activity based on flexible units which represent sensc
data. However, the capture of sophisticated context dimensions remains limited to capacities. T
overcome the problems of the keglue methodsGargiulo., 2019 proposed the exploitation and
integration of hierarchical structures into mudtbel classification systems with the form of a
Hierarchical Deep Neural Network (HDNN). On the other harlder approaches used graphical
modeling in the design steflfjattak et al2014;Laurenza et al, 20)8Unfortunately, such
techniques are flat information models that are limited concerning interoperability in contextual

systems.

Objectoriented modelings another method used to represent context information by using
programming principles such as abstraction, inheritance, and aggregadibarn(di et al, 2016
Despite the good performances of such techniques, they remain limited in regarding the

intergoerability issues. Logic based modeling is used to provide a clear and elegant semantics in
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description of contextual information but it has yet to represent uncertain context and inflexibility
regarding the user habits (Sanjari et al., 2017; Fetdli4). (Hossain et al., 2017) proposed a

clusterbased learning model for activity recognition in smart homes. They claimed that the mode
better than the traditional active learning approaches in the discovery of new activities with optirn

accuracy.

(Bae, 2014) used a model based on reasoning with an ontology for activities to design a knowlec

base about the environment, and hence create a flexible recognition model.

To facilitate the recognition and tracking of human activities, (Liu et al., Z0t6¥ed on human
actions by using a classification of activities through temporal patterns. The work demonstrated |

accuracy of the proposed model regarding complex activity recognition.

Wen and (Wang et al., 2016) built a general activity model witblémbdata that suggests an online
prediction by combining Adboost with graphical models such@ganditional Random FieldRF)

to smooth out the outliers. Compared to supervised andsgrarvised models, higher recognition
accuracy was demonstrated lwé low amount of labeled data. An integration of a probabilistic
model with ontologies was proposed in (Gayathri et al., 2017). Using the probabilistic reasoning,
uncertainty of data was tackled. The proposed system showed an increase in the recégimition o
activities through a Markov Logic Network model. A fuzzy logic model was combined with
ontologies to overcome the challenges of classical ontolbgiesd approaches and in particular the
uncertainty of data captured by a defecting sensor systenil(Baid Straccia, 2016yoor et al,

2020. To provide accurate recognition with a reasonable level of confidentiality, a fusion of

collected data was applied in the contestare reasoning for sensloased applications.

2.2.6 An Able Old Population
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The wald's population is now ageing at an unprecedented rate accordBgréaq et al, 2009
especially in the developed countries of the world. This trend is observed worldwide. A report
published by the U.S. Census Bureau in 2009 states that, in fewdrthany e ar s 6 t i me
of older people (aged 65 and over) will surpass that of children for the first time in hBtoeaq et

al, 2009. This report also states that the world's population aged 80 and over is projected to incr
by 233percent between 2008 and 2040, compared with 160 percent for the population aged 65 :
over and 33 percent for the total population of all aBesdau et al, 2009 This report also claimed
that the number of people over 65 will be 1.3 billion by 2040pércent of the world's total
population.

In comparison to other major world regions, Europe has the highest number of people over 65 y
with 14.5 percent of the population in Eastern Europe and 17.8 percent of the population in Wes
Europe aged @r 65 yearsBureau et al, 20Q9Records for 2008 show that Japan (21.6 percent),
Germany and Italy (20 percent) are the countries with the highest percentages aged over 65 yes
(Bureau et al, 2009 The ageing population brings its own challenges tespas a whole, not

least, financial. For example, solutions must be found that will reduce pressure on thedrealth
services by finding ways to assist older adults maintain independent living for longer period (Rus
et al, 2004). Older adults are bgiencouraged to extend their working lives, thus reducing the cos
of pensions. This is evidenced by recent government discussion of changes to the retirement ag
The demographics of the pesar (193945) period are currently impacting upon today's etioes as
the “babyboomers' of this period reach retirement age (Mulvenna et al., 2009). This sustained

i ncrease in the numbers of ol der a daare pressurep |

on existing services.

2.2.7 The Effects of Able Ot People
The ageing process can affect an individual in various ways, some to a greater extent than othel

Is common to observe declines in physical ability as well as cognitive declines. Cognitive decline
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an inherent part of the natural ageing gsxensuring that the number of cases increases steadily
the older population grows. Cognitive decline varies among individuals, affecting abilities such a
perception, memory and planning. The most common physical declines occur in vision, hearing
motor control. As age progresses, the eye loses its ability to focus on close objects, caused by
reduction in the elasticity in the lens. In addition to this, the lens of an eye thickens and yellows \
increased age, thus affecting an older person's pelaeption. There is also a noticeable decrease
in light sensitivity, which in turn affects adaptation to changes in light levels. Older people also a
subject to an increased sensitivity to glare from light reflected into the eye. A reduction in depth
perception which causes problems with judging distances can also occur (Becker & Webbe, 20C
Research conducted by (Fozard, 1990), concludes that age affects both the inner and outer ear
affecting an older person's ability to hear sounds. A lossmditivity for highfrequency sounds is
particularly common. According to (Fozard, 1990), the ageing process causes a reduction in the
ability to differentiate between similar sounds occurring at different intensities or frequencies.
(Howarth & Shone, 208 found that older adults increasingly report difficulties with low frequency
sounds and object localization. Older adults experience a reduction in motor coordination (Beck
and Webbe, 2006). In general, older people take significantly more time thageyqeople when

completing a movement (Chadwitkas et al., 2002).

2.2.8 Computer Interaction

In parallel with the increase in numbers of older people, is the increase in computing technology
all aspects of life. Many older adults are not adoptamgl are not fully utilizing such technologies
(Selwyn, 2004). Problems have been identified with usability and general engagement with
computer technologies, and these are often exacerbated by the natural physical and cognitive
declines experienced. Resultave shown that older adults aged 70 and over tend to either “resist'
new technologies or remain "hesitant' in itsage. Older adults aged-69 tend to be more

‘pragmatic’ about interaction with new technologies and are less likely to ‘resist'emtey use it
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if they see a purpose in its use. Older adults differ significantly in their tendencies to adopt new
computer technologies. Often older people don't engage with new technologies simply because
don't want to, some have a fear of techng]dmit often it is due to problems encountered with
usability (Czaja & Lee, 2007; Eisma et al., 2002aja et al, 201;%Zajicek, 2001). Eisma and the
others conducted a study with 353 participants aged 50 and over to investigate their attitudes to
and usage of everyday technology. Questionnaires were used and the results found significant
declines in the use of technologies with age, with the exception of telephones and televisions.

In their work, the authors ilAqghel et al, 2020are of the viewHat the world is facing major

societal challenges because of an aging population that is putting increasing pressure on the
sustainability of care. While demand for care and social services is steadily increasing, the supp
constrained by the decreagiworkforce. The development of smart, physical, social and age
friendly environments is identified by World Health Organization (WHO) as a key intervention po
for enabling older adults, enabling them to remain as much as possible in their residdages, d
institutionalization, and ultimately, improve quality of lifar{ghel et al, 2020 In this study, they
surveyed smart environments, machine learning and robot assistive technologies that can offer
support for the independent living of older adultd arovide agdriendly care services. They
describe two examples of integrated care services that are using assistive technologies in innov
ways to access and deliver timely interventions for polypharmacy management and for social an
cognitive activiy support in older adults. they describe the architectural views of these services,
focusing on details about technology usage;&set interaction flows and data models that are
developed or enhanced to achieve the envisioned objective of healtleerpsae independent and

socially connected older peoplé&nghel et al, 2020

Research conducted by (Selwyn, 2004) also supports the view that older people tend to be more
willing to interact with computer technologies if they have a meaningful purpdakerto (Selwyn,
2004) states that older peoples' ambivalence toward computer technologies is often due to their
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perception of its limited relevance to their daily lives. The author encourages further work in this
area to combat this. Gerontology is thedstof ageing people and of the social, psychological and
biological aspects of the ageing process itself.

Research has been conducted into understanding why technology is often unaccepted by target
A study conducted by (Lee et al., 2003) examinedhhology Acceptance Model (TAM)
performance history and limitations and predicts its future trajectory. (Venkatesh et al., 2003)
examined all existing TAM models and developed a new model. This new model was called the
Unified Theory of Acceptance and UskTechnology (UTAUT) model and included demographic
factors such as age and gender that had been omitted from previous TAM models. In a later stu
(Arning and Zieffe, 2007) investigated users' attitudes and performance as they interacted with &
compute simulated PDA device. This study included participants' ages, gender, their previous
computer experience and their perceived technical confidence. The results found significant
associations between the users' performance and the TAM model.

Research conated by (Hanson, 2010) discusses a wave in the increase in digital products and
services and highlights how those who do not use current technologies, particularly older people
could easily become excludetigwthorn, 200Y state that this is largely doe two factors: a
disinterest in such technologies by older people, and the fact that many technologies are simply
designed and built to accommodate the strengths and weaknesses of older people. (Hanson, 2C
conclude that these are problems that moli simply "go away' with the next generation of older
adults, since the problems associated with age will still be apparent, as will the increase in newe
technologies which must be “learnt’, and those unable to engage with such technologies will quit
become excluded. (Hanson, 2010) recommends that further work be conducted which focuses c
strengths rather than the weaknesses of older adults, and remarks that if the needs of today's ol

adults cannot be met, then evidently, the needs of tomrmder adults certainly will not be met.

2.2.9 Designing for Older People
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Smart homes are those built with automation to control appliances and monitor activities. One of
primary goals for smart homes is to guarantee comfort, control, and safttg fusme residents, so

smart homes accustom to user behaviour. To improve the safety of the elderly their daily behavi
is collected using IoT sensors and then modelled to detect any abnormal behaviour (Paudel et a

2018).

Anomaly Detection System &ssystem that identifies both network and computer interruptions anc
abuse by observing the system's regular behaviour and comparing the data obtain from observa
and then decides if the change in the other behaviour is ordinary or typical (Arar2ei ).

Internet of Things (IoT) is the expansion of Internet network into physical regular devices. These
devices are connected with each other over the Internet, and they can be controlled and monitot

remotely. 10T is often also referred to as cyphysical systems.

The basic architecture of 10T devieleased anomaly detection system consists of four layers:
Perception Layer, Network Layer, Processing Layer and Application Layer. Perception layer
comprises of different sensors, for example, infrared, RFID, and QRf@odellecting data about

the environment such ad pressure, humidity, and temperature (Ara et. al., 2015). These sensors
collect the data to send it to the next level, while actuators receive control commands to perform
specific actions. Network layer cgmses of network communication software which is in charge of
transmitting data procured from the sensors to different layers. The processing layer, called
middleware layer, breaks down, stores and processes a tremendous amount of data. Numerous
advancedike cloud computing and big data processing work in the processing layer. These are tl
edge of IT systems. All needed geeocessing and analytics before entering the data center is don
her e. ltds the stage of an adstly,sappbcationfeyan givgsthame r

services to the user according to his necessity.
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Figure 2.28: The basic architecture of 10T
However, each of these layers is prone to a set of potential attacks. For instance, one approach
monitor activities in ordr to find out the temporal, spatial, or behavioural anomalies is -tpaged.
A network graph shows the activities and their durations for a person and stores it for compariso
If unusual trends occur, such as when a resident forgets the approptte @ldctivities, doctors
can guess whether a person is at the stage of forming cognitive disabilities (Paudel et al., 2018).
Although advances in wireless sensor systems have empowered the observinyefiaay
activities of elderly people, many ogbsecurity attacks are expected as a result for these IoT
systems being connected to the Internet (Hoque et al., 2015). From having the stored data discl
to being hijacked and controlled remotely, these anomaly detection systems are not very reliable
considering the multitude of possible security breaches they are exposed to.
In (Aran et al., 2016), the authors described how smart homes can promote elderly people with |
healthcare and social support services. They found that elderly people paséize attitude
towards the smart homesd I mpl ementations (F

interested in the health monitoring system which can lead them to live independently. However,
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the same time, they were having some concerastdbe privacy of their data and the security
provided by the smart homes (Pal et al., 2017). The researchers in (Pal et al., 2017) concentrate
answering the question whether the smart homes really have an influence on the elderly quality
life. Smat homes have helped elderly people to reduce the feeling of loneliness, helped them
remembering their medicines and daily tasks, such as brushing their teeth and drinking water. O
other hand, Lé and Barnett in (L€ et al., 2012) said that elderlygpslopuldn't live in smart homes
because of financial accessibility, acceptance and technical accessibility. Moreover, smart home
require a lot of technologies which are costly. Also, elderly people have a limited experience in
dealing with advanced tecbilogies. Boyanov & Minchev (Boyanov &Zlatogor,2014) supported Lé
and Barnett (L€ et al., 2012), they stated that although smart homes have many advantages,
reliability of sensors, surveillance systems and misuse of personal or confidential informadiloh sh
be taken into account. Moreover, data could be modified in communication media by the attacke
and sent to the cloud. Also, sensors are vulnerable to have attacks which can phase out the ent

system. Finally, the attacker could read the data wkiegainst the privacy.

In (Paudel et al., 2018) the authors explained how they will use a-gesgll approach using the
GBAD tool to detect anomalies of elderly patients living in smart homes without interfering with
resident sd dai |cgtheacaostof healthcgre assmaiated witl such sitdiations (Paud
et al., 2018). The authors defined the anomalous behaviours to be the temporal, spatial, and
behavioural anomalies. They proposed two hypotheses which claim that ebgssgahapproach can
be reliable enough to detect anomalies of elderly patients in smart homes and discovered anom:
are possible syndrome of impairment in their cognitive abilities (Paudel et al., 2018). However, tt
aim of these anomaly detection systems is to help thegpatt s6 car egi vers an
el derly people and raise the patient'sd i nc
safely. These systems are set up by installing sensors all over the home to gather data about the
patiewnwti $deasctwithout interfering with their
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data, convert it into graphs with nodes and edges to display temporal and spatial information ab
the patients, and finally use these graphs or patterns to clealjgaiheir situations and discover

anomalies. They concluded to the result of detecting anomalies from three participants who mos
had a temporal anomaly. Temporal anomaly is when someone takes longer or shorter time to ce
out a specific task thandhusual duration. Moreover, these may be potential indicators for having

decline in cognitive health (Paudel et al., 2018).

According to Aziz & Haq inAziz & Haq, 2018 IoT is widely functional to public activity
appliances like smart homes. User siggurught to be guaranteed by preventing illegal access sinc
when an loT layer is compromised, attackers can without a lot of effort get access to the whole
system through that compromised noAei¢ & Haqg, 2018 In addition, viruses, malicious software,
and attackers can interfere with data and information integrity leading to risk for the whole IoT
environment. In practical applications such as emergency, rapid response and traffic control,
information collection must be fast and accurate. The resedenlifies the potential threats that
may occur in all 10T layers. Perception layer attacks include Forged node insertion, malevolent c

insertion, and Hardware

Jamming. Some security Challenges in the Network Layer are Bargdrvice (DoS) attack,
Sinkhole attack, and Maim-Middle attack. Attacks on the processing layer include Primary
infrastructure security, Data security in cloud computing, Threat to shared resources, and Attack
Virtual Machines. Engineers attempt to build up an applicatica lsafvever its security stays under
threat because of lower layers of 10T which is likewise the responsibility of the provider of the
service Aziz & Haqg, 2018 In Application layer, attacks are malevolent code assaults, Software

defenselessness, and Phighattacks.

Arwa et al in Aziz & Haq, 2018 discussed how fog computing is a promising technology for

distributed computing providing many services to the edge network, yet faces lots of security an
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privacy problems in devices. Since I0T devices hauddd resources regarding storage, battery,
and processing capabilities, fog computing is new service that will provide a new solution for
handling these redgime requirements which are not completely achieved by cloud computing
(Sultana et al., 2014).hE authors inAziz & Haq, 2018 explained how fog computing could also
address many security and privacy i ssues as
filling the gap between the resourcenstrained devices and the clouds or remot& cienters, and

due to its characteristics like supporting mobility, decreasing latency, location awareness,
heterogeneity, and large scalability, many security issues could be introduced. The researchers
summarized the major challenges of security andapyi in 10T environments such as encryption,
trust, red node detection, confidentiality, access control, intrusion detection, data protection, and
others Aziz & Haq, 2018 Authentication is affected in 10T devices because of the lack of
processing and stage capabilities in end devices. Such expensive computations and cryptograpl
operations are hard to be accomplished in 0T devices. However, trust is a critical challenge in tl
0T devices due to the integration of sensors and actuators. Furtheromeemslicious nodes in

the IoT environment could pretend to be a legitimate one and may misuse collected data or senc
wrong data for malicious purposes. Also, privacy is an inevitable challenge on remotely accesse
devices. Regar di nlgytotpérferm trgpibgraplecvopecatossdn data bebie
transmi ssi on, usersod | ocation and usage inf
Another privacy issue is when attackers are able to expose and extract data that are meaningful
analyzed. Péernof-usage analysis violates the usersbo
devices is accessible by adversaries (Lin & Bergmann, 2016). Furthermore, access control is an
important technique to ensure no malicious access can perform or geraraitgusicommands to
any of the interconnected and resoucoestrained devices. Intrusion detection on the other hand, i
another challenge in widely interconnected mobile environments. 10T environment makes it harc

discover the misbehaviour or misusfedata. Moreover, data protection is a challenge in limited
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resource devices since data cannot be analyzed or processed in such a level. Data in 10T device
sent to the cloud level for further analysis and hence, should be protected before ane after th
processing in the cloud. In order to improve their security, a new certificate revocation scheme is

proposed in 0T built on fog computingZiz & Haq, 2018.

The authors inAziz & Haq, 2018 compared the most common methods for transmitting revocatio
data that is the Certificate Revocation List (CRL) with the OCSP (Online Certificate Status
Protocol). CRL containsthe blatki st ed cert i f i Azz& Bla,2018. &0, a didnt n
must download the list to know whether an intended cerifisain the list to be trusted or not.
Similarly, the OCSP is a protocol that is used to get information about any digital certificate statu
A client needs to submit the certificateos
has nassues. However, the authors proposed a solution to an efficient distribution of the certifice
revocation information. The proposed scheme consists of the Certificate Authority (CAgrzhck
cloud, fog nodes, and IoT devices. The scheme uses a blbemmfithe fog nodes that stores the
authorized certificatesod serial numbers cor
CRL from the CA, the clouds forward them to the specific fog nodes. Then, a bloom filter that me
revocation informatioms created by the fog nodes, and then distributed to the intended IoT device
to verify the signature and store the information. To use it, an 10T device checks the bloom filter
before any communication happens. If the certificate of the indented nool@mtounicate with is

not in the filter, the communication may begin. Security enhancement is provided by keeping the

filter up-to-date, to avoid the risk of malicious ugeziz & Haq, 2018§.

In the recent years, smart homes have seen a tremendous ris¢hduetbnology addiction. Smart
homes were invented to improve the quality of life for all people, especially ordinary nondisablec
people. The idea of smart homes is to save energy, control the lights, control heating and air
condition, door locks and cefe makers while people are comfortable. However, people with

disabilities will not be able to enjoy the benefits of smart homes devices. Controlling devices whi
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sitting-down using smart technology is a good benefit for people who are physically diaatled
older persons. To solve the problem of disabled people, the researchers in (Mtshali & Khubisa,
2019) discussed a control system based on smart home appliance for physically disabled peopl
this paper (Mtshali & Khubisa, 2019), researchers predengystem that uses smart plugs, smart
cameras and digital assistant, such as Google Assistant, Google Home, Amazon Alexa, or Appl
to take the orders by capturing the physica
invented products tha&an interact with digital assistant, the proposed system in (Mtshali & Khubis

2019) will program those devices to let them act based on the voice commands.

Additionally, in (Karimi & Krit, 2019) the researchers studied threats, security requirenmehts a
open research challenges of smart h@amartphone systems. Smart homes become so popular in
many peopled |ife. Controlling the home wit
people. However, data confidentiality, privacy and financial &weshe main concern. Existing

smart homes have much vulnerability and many attacks have occurred on these systems. There
these systemsd security is a major problem
(Karimi & Krit, 2019) have ddressed threats that the systems have. Threats have been categoriz
into two: the first category is internal system threats, such as failure of home devices, power anc
internet malfunction, software failure and confidential data leakage. External shiséans are the
second category, it has denial of service, malicious injection, eavesdropping and man in the mid
as threats. With the existing of all these threats, some security requirements have been suggest
increase the security level and minoaithe threats exposure. Data encryption, network monitoring.
user authentication could reduce the exposure of external threats while devices availability, phy:s

protecting and devices authentication will play a major factor in decreasing interntd.threa

The impact of technology on older people has been widely resedf€hadhess and Schaie, 2003);
(Czaja & Lee, 2007) and a large body of literature has been gathered which offers guidance in tt

developmenof computer systems for older peoplz§ja et al, 201AIm et al., 2004; Zajicek,
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2001). (Zajicek, 2006) states that developing technologies for older adults is an exacting science
often varying from established Human Computer Interaction (HCI) rds@ancesses. (Zajicek,
2006) identifies certain areas in which this type of research differs significantly from other reseat
disciplines. The requirements of older users are habitually disparate and researchers increasing
strive to find new methods aolesigning in this field. It is widely recognized that older adults who
regularly use computers maintain an enhanced overall satisfaction with life and are generally mc
self-confident (Karavidas et al., 2005).

(Eisma et al., 2003) highlighted the advay@s made by early involvement of older users in the
design process. The authors describe some of the difficulties encountered when working with ol
people, and introduced the concept of mutual inspiration. Mutual inspiration is a mutually benefic
“exchange of information' between the older user and younger designer. Often, older people are
unaware of the value of their own expertise and just how valuable their contribution is to the des
process. The authors suggest that mutual inspiration will sugpd encourage the active
involvement of older people in the development process thus producing more effective results
(Eisma et al., 2003)Hawthorn, 200y echoes this sentiment, stating that new ways need to be fou
to accommodate older userslafvthorn, 2007 identifies two major issues: the distinct differences
between the target users and the designer, and the difficulties older people encounter when
interacting with “lowfidelity prototypes', and suggests that procuring useful design suggestions f
older users would help to combat these difficulties. (Goodman & Eisma, 2003) stress the import:
of investigating this user group so that they might be included effectively.

Further research, supported by the UK Research Councils as part of tgaal Bconomy

programs, is the “Social Inclusion through the Digital Economy' (SIDE) pr&este( et al., 2010
SiDE began in 2009 and aims to create a caritexcellence in “Social Inclusion' which will focus
on how technologies can be used to transform the lives of the “digitally disengaged'. SIDE is

developing a 3000 strong panel of volunteers from people in a variety of age groups and with
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various disabities which represent the many diverse types of target users. The panel includes m.
older adults, and also volunteers with various disabilities in vision, hearing, mobility, and cognitiv
or literacy issues which inhibit them in their interaction withreat technologies. This panel will be
involved in the design of research strategies and the evaluations of output to ensure that target
needs are met by the researGaye et al., 2010

(Elsaid et al, 201QInternet of Things (IoT) technology is used to enhance the safety of the elderly
living in smart home environments and to help their caregivers. The daily behaviour of the elderl
people is collected using 10T sensors and then evaluated to detect arpatedraviour. In this
research paper, they analyzed smart hbamed anomaly detection system from a security
perspective, to answer the question whether it is reliable and secure enough to leave elderly pec
alone in their smart homes. In this direatithey carried out comparative analysis of literature to
identify the potential security breaches on all layers of an 10T device. Further, their proposed sec
smart home model, was built using Cisco Packet Tracer to simulate a network of 10T deaices in
smart home environment. Consequently, a list of security countermeasures is proposed to prote
loT devices from the identified attacislsaid et al, 2019

Research by (Maciuszek et al., 2005) aims to contribute to assisting frail older peopénmain
independent living for longer, allowing them to “age in place'. The authors highlight that a better
understanding of the design of Electronic Assistive Technology (EAT) applications by both targe
users and designers is necessary. To move towardgotidigMaciuszek et al., 2005) conducted a
field study into the settings of the daily lives of caregivers and the elderly to establish their needs
patterns. The findings of this study led to the construction of a design space which provides EAT
desigrers with a tool for selecting and developing meaningful and useful EAT applications

(Maciuszek et al., 2005)

2.2.10Assisting Older People

72



Much research conducted into older people and computers tends to focus on assistive technolog
and applications wbh help older adults with the activities of daily living, supporting hecétle
and independent living. Usability research involving older people has tended to focus on specific

applications such as the Internet and email (Hanson et al., 2005).

2.2.11 Usbility

Many assistive Internet based technologies exist which support and encourage the use of techn
by older people. The Diadem project, which uses an expert system to monitor the interaction of 1
when attempting to interact with online formsdgrovides assistance with form access, completion
and submission if required (Hanson et al., 2005). Also, Dickinson and co focused on the
development of an email service specifically targeted at introducing adults aged 60 and over to t
Internet (Dickinen et al., 2005). IBM developed "Web Adaptation Technology' as part of the
“accessibility Works' project. This technology allows a user to adapt a website to suit personal
preferences by magnifying the content of the website, and adapting the mouselaaikegttings
(Hanson et al., 2005). Changes made by the user are reflected on all websites accessed until th
specifies otherwise. The computer, called SimplicITy has a simple interface called "Square One'
just six buttons to access basic tasltsh as email, file storage, web browsing and chat. The
SimpliclTy computer is built using Linux, is matie order, comes equipped with 17 video tutorials,
and can be ordered by post. The University of Dundee houses an interactive "User Centre’, an
environment where researchers and older adults meet for mutual learning (Forbes et al., 2009).
setup is beneficial for both, supplying an opportunity to gain computer skills for older adults, whi
providing the researcher with a reaahade source of uséeedback. The User Centre provides
access to computers, laptops (Macs and PCs), printers, scanners, televisions and a Nintendo W

a Wii Fit board (Forbes et al., 2009).

2.2.12 Physical Assistance
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Assistive technologies have been developed to support older people with household duties. The
Smart Wave system was developed by (Russo et al., 2004) at the University of Florida. Sreart W\
is a microwavebased cooking system which supports the older user in the preparation of hot,
nutritious meals without the need to read cooking instructions or interact with the microwave
buttons. Flo was used as a research platform to test variousadeasisting older people such as
intelligent reminding, data collection and surveillance. (Cest et al., 2005) conducted a RoboCare
project in which they rereated a home environment equipped with sensors on mobile robots, ant
they utilized a PDA for ey interaction in terms of a robot “remote control'. The robots responded
the users' requests for physical assistance and also acted as personal reminder agents. Living [
communal spaces where companies, councils, organizations antwaikiesmeet to mutually

work together to develop innovative, assistive technologies. In 2006, a living lab called TRAIL w:
established in the University of Ulster to investigate the health issues of rural older people (Galb
et al., 2008). The objective oRRIL was to conduct studies to determine the headthted issues
experienced by older people as they age in rural areas of Northern Ireland, and provide solution
these issues to enable such individuals to maintain an independent existence imtmeinities for

as long as possible (Galbraith et al., 2008). One TRAIL project uses Brain Computer Interfaces
(BCls) to act as tools to assist individuals with reduced communication abilities, resulting from
injury or illness, interact with technologies. éther TRAIL project, called Night Optimized Care
Technology for UseRs Needing Assisted Lifestyles (NOCTURNAL) supports older people in the
early stages of dementia at night time by using light and spoken instructions to facilitate their

independence at har(Galbraith et al., 2008).

2.2.13 Bluetooth Based Smart Home Automation Systen{(Abdul, 2017)).

There are different methods in wireless technologh s Bluetooth, WIFI, and GSM. In this
paper, new design and different home appliances are presented. Bluetooth Based Home Autom

System using Arduino UNO Microcontroller is design and implemented. PWM technique on
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Arduino is used to control the DC oo speed depending on the width of the Pulses aBdiditje
driver circuit is used to control the direction of the motor. The home automation applications that
have been presented in this paper has the ability to control the DC motor speed and its,directio
bulb, fan and heater using a smart phone application with Bluetooth wireless technology. The re
are used to connect these appliances to the input/ output ports of the board. The design is a low
flexible and using a modern technology and dexioe this application. Application of wireless
Bluetooth connection in control board enables a simplified way to system installation. The syster
has been built and operated successfully. Figure 2.29 shows the block diagram for the proposec

system with som of home appliances.

DC Motor Heater Bulb Fan
H-Bridge Motor Driver Relay1 Relay2 Relay3
IC

il I II

.\licrocontroll”er/Arduinti)’ UNO Board

H :

~

Bluetooth Module DC Power Supply

0

Android Mobile

Figure 2.29:The Bock Diagram of the SystemAbdul, 2017
The H Bridge motor driver IC (SN754410) allow controlling the direction of a DC motor with only
one PWM output for controlling the speed. Relays (1, 2, and 3) is used to control the work of He
Bullb and Fan. Figure 2.30 shows the connections of Aalboard between these appliances and
Bluetooth module. The Bluetooth simply is password protected, and by using Bluetooth wireless
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connection, the system is established on serial data transmission in order to facilitate on wireles
communication. It alssupports convey Android makes the mobile phone capable of offering syst

connection and control facilities.
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reset (PCINT14/RESET) PC6L}
digital pin 0 (RX) (PCINT16/RXD) PDO[}2
digital pin 1 (TX) (PCINT17/TXD) PD1[]3
digital pin 2 (PCINT18/INTO) PD2[}+
digital pin 3 (PWM) (PCINT19/0C28B/INT1) PD3[}s 2471 PC1 (ADC1/PCINT9) analog input 1
digital pin 4 (PCINT20/XCK/T0Q) PD4 [} 23]] PCO (ADCO/PCINTS8) analog input O
vCC vCcc[}7 22 ] GND GND
GND GND [Je 21"] AREF analog reference
crystal (PCINT6/XTAL1/TOSC1) PB6[}2 2001 AVCC VCC
crystal (PCINTZ7/XTAL2/TOSC2) PB7 [0 19071 PB5 (SCK/PCINTS) digital pin 13
digital pin 5 (PWM) (PCINT21/0CO0B/T1) PDS [} 18071 PB4 (MISO/PCINT4) digital pin 12
digital pin 6 (PWM) (PCINT22/0C0A/AINO) PD6 170 PB3 (MOSI/OC2A/PCINT3) digital pin 11(PWM)
digital pin 7 (PCINT23/AIN1) PD7[}13 16 ] PB2 (SS/OC1BMPCINT2) digital pin 10 (PWM)
digital pin 8 (PCINTO/CLKO/ICP1) PBO[}12 1507] PB1 (OC1A/PCINT1) digital pin 9 (PWM)

Arduino function
28] ] PC5 (ADCS5/SCL/PCINT13) analog input 5
2707] PC4 (ADC4/SDA/PCINT12) analog input 4
26071 PC3 (ADC3/PCINT11) analog input 3
2501 PC2 (ADC2/PCINT10) analog input 2

Digital Pins 11,12 & 13 are used by the ICSP header for MOSI
MISO. SCK connections (Atmega168 pins 17,18 & 19) Avoid low-
impadance loads on thesa pins when using the ICSP header

Figure 2.30: The Circuit Diagram with the anotations.

The system is integrated using Arduino Uno board, a08®@luetooth module, relays modules, an
android device, and other electronic components. Figure 2.31 shows the system architecture of
proposed system which indicates the connection between thendrchrd and the peripheral

devices which is Fan, Bulb, Heater and DC Motor. A connection between the Arduino Uno and tl
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Bluetooth module is required in order to enable the android to control the Arduino Uno. The VCC
and GND pins of the Bluetooth moduleeaonnected to the VCC and GND port in the Arduihm
board respectively. Then connect the receiver of the Bluetooth module to the transmitter of the
Arduino-Uno board and the transmitter of the Bluetooth module to the receiver of the Atdiuino
board.

Using wires and connector blocks connect the positive end of the home appliance (e.g. Heater) |
normally open port in the relay module and the negative end of the appliance to a power source.
Then connect the other port of the same relay module twwahted ArduineUno port Apply the

same for the other appliances only use different relays and different Arduino Uno Ports.

The SN754410 Quadruple Haff Driver is an Integrated Circuit (IC) that allows the control of the
direction of a DC motor. Pins 1,&hd 7 from IC is connected to pins 11, 12 and 13 in Arduino, pins

3 and 6 in Arduino is connected to motor.

Figure: 2.31: System Architecture (Abdul, 2017).

The software is written in-@nguage for android applications and the flowchart as shown in Figur:

2.32. At first checks if Bluetooth is already enabled on the phone, then the device will run. The

software will check the devices stored inthe ghdns me mor y, al so it st

77


https://www.iasj.net/iasj/search?query=au:%22Abdul%20Kareem%20Kasim%20Abdul%20Raheem%22

controller modules connected to Arduino, then the home appliance is chosen for the application.

last the signal sends to Arduino to connect it.

Setting up Bluetooth {HC -05)

+

Scan for Bluetooth

v

Register Bluetooth devices

+

Detect associated Bluetooth service

v

List of home appliance control

£ %

Select home appliance

Add another application

Send signal to Arduino

+

Turn ON appliance

Figure 2.32:Program Flow Chart (source Abdul, 2017).

It can be concluded that Home Automation System using Arduino has been successfully design:
and prototyped. This system consists of an Arduino Urody@ Bluetooth Module, an Android
phone, home appliances and an android Application. BluetootFO@)Based Smart Home

Automation System was presented in this paper. The system. PWM technique is used to control
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DC motor speed, and-Bridge driver cicuit is used to control the direction of the motor. Also the
system is used to control switching ON/OFF the bulb, fan and heater using a smart phone
application. It provides easy control of the home appliances; it helps the people who have
locomotion dificulty. Moreover, implementation of wireless Bluetooth connection gives a simple

way of system installationApdul, 2017).

2.2.14 Voice RecognitionSmart Home Automation, (Dhawan & Thakur, 2013

As seen in recent yearo6s home automati on | s
technologies. Home automation provides security and comfort mainly for old age people and
physically handicapped mans. This paper combines various technologies for home automation
such as voice controlled, Android, Bluetooth and ZIGBEE, which makes it more user friendly. Tt
low-cost Bluetooth technology follows IEEE 802.15.1 standard protocol which is open standard
technology for implementation of shadnge wireless communication. Android is a Linux based
core opersource operating system mainly used in portable devices. ZIGBEE is an IEEE 802.15.-
standard device for applications that require low data rate, |dteyyolfe and secure networking.
This section consists various technologies used for developing voice controlled smart home
automation using ZIGBEE. The Voice controlled application presented in this paper is based on
following technologies: ZIGBEE, Adroid, and Bluetooth. Android is an emerging platform used fo
developing and organizing andrdidsed applications on mobile devices supporting it. Bluetooth h:
its own level/standard for wireless communication technologies for short range communication
provide a facility to create Android based mobile applications. ZIGBEE is a technology based on
wireless standards which was developed by ZIGBEE Alliance in 1990s and it is an open global
standard technology to address the distinctive needs of low powerpst, wireless networks. The

complete system is divided into two sections: the transmitter section and the receiver section
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Transmitter section relies upon +12V of supply which is used to control all the circuit elements o
this section. The main sigh@eceived by this section are from an android application named
AAndroid Meets Robot o6 whi e6Bluetsothdnodule \datsérigl c o r
communication. As soon as the module receives the signal it transfers the data to the micracont
Atmega 328P.The microcontroller checks for the appropriate input as required and forwards the
signal to the ZIGBEE. The main purpose of ZIGBEE is to transmit the signals received from

microcontroller. The implemented transmitter and receiver sectionshenen in Figure 2.33.

Transmitter Section
™\ B \

Android App B\l;;t;cla;h Microcontroller

ZIGBEE
Module

%))

Receiver Section

f \ | \(W

[IGBEE Mictocoutrole e Load
N | = ) i ) [ -
\ |\ I ) \ )

Figure 2.33: Implemented Transmitter and Receiver SectiondDhawan & Thakur, 2013)

The receiver section consists of a +12V power supply, ZIGBEE, microcontroller, relay driver, a fi
relays &16X2 LCD. As soon as the ZIGBEE receives signals, it delivers the same to the
microcontroller. Microcontroller processes the signal, through which it controls the relay driver ar
the LCD. The microcontroller compares the alphabets spoken and accopimgties the output
which is then received by the driver IC and the same command is displayed on LCD. The driver

controls the relay operation as per the inputs from the controller and simultaneously displays the
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output, that is, controls the 230V loadtsnnected to the relays. The flow diagram of the

implemented system is shown in Figure 2.34.

Listens to human
voice

U

Comparas voice

commands
No
if :D No device activated
matches

Cormmands are sent
to raceiver controller
using ZIGEEE

U

Activate a particalar
appliance bazad on
command

Figure 2.34: Data Flow for the Proposed SysterDlfawan & Thakur, 2013

Voice commands are the basic input for the system to work. These commands are poaieed t
system using an android application. The android application forwards the command to the
Bluetooth module using serial communication. This command is then forwarded to the receiver
section using ZIGBEE module. As per the command the microcontrotieates the relay driver

and so are the appliances controlled. This system will provide user friendliness as well as long
distance communication. By the use of android application, the user can operate devices withou

moving from his place and can operd&¥ices in the range of approximate 300m because of the u:
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of ZIGBEE. This project will act as a personal robot for the basic activities of handicap and old

peoples. DPhawan & Thakur, 2013

2.3 Research Gaps

In summary, many researchers have contribuntedensely in providing solution to the problems of

the aged persons through design and development smart support technology systems. Despite !

research solution contributions from different researchers, the findings showed that none of theit

work hastotally met the general need of these aged persons, hence has the following general

limitations that formed the research gap of this proposed work:

1. The reviewed works showed that there is no single interface that can control both relay dr
appliancesand motor driven devices, such as bulb, fan, door, wheelchair, etc.

2. Also, none of the reviewed work is modularized to allow plug and play capability, hence, adc

of new smart devices require-design of the entire system architecture.
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Chapter 3

MATERI ALS AND METHOD

This chapter presents the materials and the methods required to achieve the set objectives, and
discusses these tools and the digstep procedures used and followed in achieving the set
objectives. The materials deal with the toabjle the methods consist of the procedures employed

in the system realization.

3.1 MATERIALS
The materials used in the implementation of this smart home technology system design are

grouped into hardware tools and software tools. The hardwareusmasncludes:

3.1.1 Hardware Tools
1. Voice Recognizer
2. Headset Microphone
3. RF Module
4. push buttons
5. LAPTOP
6. DC motors
7. H-Bridge Circuit
8. Relay Drivers
9. Bluetooth Device

10. Driver Circuits
The Voice Recognizer used in this project is VoiceGP module, which is a denelbplatform for

speech synthesis and voice recognition applications, and is based on Sensdi2R $@ixed signal
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processor. Factory programmed with upgradeable Virtual Machine firmware, it enables easy anc

low-cost development for a wide variety of épations, with focus on speech and voice recognition.

A wireless highly sensitive miniaturized microphone is used to input voice signals to the compute
simulation. It receives natural analogue voice signal, and converts the signal to an electrigal sign
and sends the converted voice signal to be processed. A headset microphone is less prone to m
mistakes because it is positioned at a consistent distance from the mouth as the user talks, and
works well in a consistent and calm surroundingheut a lot of external noise that the microphone

might pick up.

RF Modules use wireless techniques to transfer data, and this makes them most suitable for ren
control applications, as in where there is need to control some devices or robots without getting |
touch with them (due to various reasons like conveniesafety, handicapped, and so on). Now

shortrange RF module wireless control applications were chosen for this application such as, an

ASK RF TransmitteiReceiver Module of frequency 433 MHz. They are quite compact and cheap.

The handset which serves as thicrocontroller GSM shield is used to send/ receive messages an
make/receive calls just like a mobile phone by using a SIM card from a network provider. This ce
be done by plugging the GSM shield into the microcontroller board and then pluggingMincarg8l
from an operator that offers GPRS coveradéde shield employs the use of a radio modem by
SIMComm. Communication can easily be done with the shield by usirgTtltemmands. The

GSM librarycontains many methods of communication with the shigids GSM Modem can work
with any GSM network operator SIM card just like a mobile phone with its own unique phone
number. Advantage of using this modem will be that its RS232 port can be used to communicate
develop embedded applications. Applicatiagke SMS Control, data transfer, remote control and

logging can be developed easily using this.
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The modem can either be connected through Universal Serial Bus (USB) to the PC serial port
directly or to any microcontroller through MAX232. It can be usesktud/receive SMS and
make/receive voice calls, also, used in GPRS mode to connect to internet and run many applica
for data logging and control. In GPRS mode, it can connect to any remote FTP server and uploa
files for data logging. This GSM modemashighly flexible plug and play quad ba8tM900A

GSM modem for direct and easy integration to RS232 applications. It Supports featuvksdeéke
SMS, Data/Fax, GPRS and integrated TCP/IP stack. To be connected to a cellular network, the
shield requires SIM card provided by a network providbtost recent revision of the board makes
the connection of the shield with the microcontroller board by connectifigXite pin O of
microcontroller angbin 1 of microcontroller taRX of shield

A push button swith is turned on when it is depressed and turned off when it is undepressed for
release, and is used to make and break emergency call connection between the GSM circuit ant
voltage supply.

The joystick provides signal to the microcontroller whictrasmsmitted to the smart wheelchair
through the wireless RF. The joystick has two axes: X and Y axis that provides signal for forwarc
backward, left and right movement of the smart wheelchair.

The laptop is the main control of this system, because tloe vecognition takes place here. The
recognized command is sent through Universal Asynchronous Receive and Transmit (UART) to
microcontroller which then controls the home appliances and the direction of the motors. An ope
source grammabased recogriton par ser called AJuliand (wh
voice recognition, and it is a large vocabulary epeuarce search engine capable of recognizing
written grammar. it performs voice recognition function by searching for the most pigtigble
sequence of words fed in its given grammar for a particular activity. The features of this laptop a
Operating System: Windows CE 6.0; NAND Flash Storage: 2GB; Earphone Jack and Internal

Speaker; Touchpad; Microphone Jack for voice recordingslWigh Speed for LAN wireless
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connection; 1X SD Card Support, Video Format Support: AVI, MP4, 3GP, ASF; Music Format
Support: MP3, WMA, AAC, AAC+, CAT, max up to 48 KHz at 320kbps; and Built in 1800mA/H
Li-on and 9V adaptor.

The setup was completed byaathing four switches which are used for rotating the smart wheelch:
to any desired direction. The smart wheelchair can be moved in any direction of choice that is le
right, forward or backward by just pressing a respective single button. During domvadion each
motor runs in forward direction and during reverse motion both motors run in reverse direction. F
movement of right and left one motor runs in forward direction and one motor runs in reverse
direction. The higipower motor controller has @io ports. Two ports are OUT A and OUT B, and
these are connected with the motor positive and negative terminals. The other two ports are VIN
GND, these are connected with batteries. There are two motor used in this system, one controlle
connected wh one motor and other controller is connected with other motor.

The Driver circuits are typically circuits or components used to control or activate another
circuit/component such as a Relay, a DC motor, etc. The current supplied by a digital logic outpt
pin is usually tens of mA (milliAmps) which will not be enough to drive external devices requiring
larger amount of current. Hence, a driver circuit is mostly used to drive such high current deman
devices such as the Relay or the DC motor. Typicaéds include discrete components like
Transistors (BJT, MOSFET, Darlington pairs, etc) and driver ICs like the popular L293D or the
ULN2003. These take in control signals from the digital logic output pin to activate the external
devices connected to it.

The name "HBridge" is derived from the actual shape of the switching circuit which control the
motion of the motor. It is also known as "Full Bridge". Basically, there are four switching element
in the HBridge. The Hbridge is connected to p1.0 and p&fthe 8051 microcontrollers, if p1.0 is
low and p1.1 is high, the transistors Q2 and Q4 will be biased and allow the flow of current from

Vcce through Q4 to Q2 and then to ground, there by rotating the motor in the anticlockwise direct
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To run themotor in one direction, Q5 and Q8 are turned ON and Q6 and Q7 are OFF, the left sid
the motor is at 12v and the right side is at ground. And hence the motor will rotate clockwise
direction. To reverse the direction of rotation of the motor, Q5 and€®BF and Q6 and Q7 are
ON, this will rotate the motor in artlockwise direction.

The Bluetooth module is connected through the serial port of the microcontroller (pin10 and pin
The Bluetooth receives data from the android phone to control the almbrgindow.

The proposed system is composed of two major unitgetnetesystemtransmitter controller unit
and the remote system receiver controller unit. The resystemtransmitter controller unit
comprises of the input recognition devices modules such as voice input module, joystick module
push button module. The remote system receiver controller unit however is made up of the elect
and electromechanical unitshich are the bulb units, the TV unit, the fan unit, the fridge unit, the

door and window unit, the vehicular wheelchair, and the emergency call.

3.1.2 Software Tools

The software tools used includes:

1. Proteus simulation software

2. Microcontroller DevelopmerEnvironment

3. MySQL

4. Microsoft Visual Studio 2010

5. C# Program

6. .Net Framework 4.0
The Proteus simulation software is the software tool used primarily for electronic design automa
It is used in this work to make simulations of the various subsystemdantormake proper

decisions for the prototype development.
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The Microcontroller Development Environment used in the computer simulation is the Arduino
Platform. The Arduino is an opesource prototyping platform that comprises a hardware compone
which isthe microcontroller board, and a software component which is the Integrated Developme
Environment (IDE) used to program the hardware. The Arduino is simulated using the Proteus

Simulation software to make proper design choices.

MATLAB described as a sthg programming language, also provides an environment for numeric
computing. It is used for plotting any function or data, it is a very strong tool for matrix
manipulation, and it is the best program language for algorithmic implementation, whicheprovid

several toolboxes such as voice acquisition and database toolboxes.

MySQL is a database workbench made by Microsoft Company to help the programmer to build
different type of databases using and link it to a different application softusirgsdifferent types
of programming languages. It can be linked to PHP programing language, Visual basic, C#, and

MATLAB. In this project, the MySQL database is linked to MATLAB, Visual Basic and C#.

The Microsoft Visual Studio 2010 is an Integrated Depment Environment (IDE) that is used to
create software applications that may vary from windows forms, up to web services. It includes &
code editor where the program code was created, debugged, compiled, and run. In the software
program used in the sgsh, the source code was written in Visual C# Language. The software
program for collecting the voice input was

modern, objecbriented, and typsafe programming language.

The C# program is an objectiented software that can be used for serial interfacing. It provides th
overall logic of the software utility, manages the serial data between the PC and the Microcontro
simulation in the Proteus software, and allocates control signals. A C# progndme ased as

windows applications, web applications, web services, bustgpesapplications, mobile apps,
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games, and other software utilities. It uses the full capability of .Net Framework Class Library wh

consists of préuilt components.

The versim 4.0 of the .Net Framework is used in this paper because its class library comprises o
thousands of prbuilt functionalities that can be used in software applications. Some of its feature

may include:

a. ADO.NET for database applications,
b. Windows forms fo desktop user interfaces, and

C. Web Services for web applications, etc.

3.2 METHOD

This section discussed the stapstep processes used to achieve the design and the implementati
of smart home system comprising the system hardware, software, andtttgpgranplementation
models that form the overall design and implementation of this smart home system for the disab!
aged persons. The design and modelling of the system results from the utilization-dbatop
design approach and the subsequent naothaltion of the components of the system. The method o
analysis included design, modelling, simulation, calculations and analysis of the simulation test
results employing the computer software. These design methods include thg-step
implementatiorof smart home functional architectural designs and modelling presentations. To
develop a smart home system for the aged persons, enormous research and design considerati

must be done to find a suitable system capable of meeting the requirementgrojeitie

3.2.1 The Wireless Sensor Based Vedaivated Smart home System Architectural Block
Diagram System for the Disabled Aged Persons

The block diagram of the propossihart home technologgystems’™ hardwara chitecturdo be

implemented is shown iRigure 3.1. This hardwawchitectureblock diagram shows the
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interactions and operations together with the component units on a detailed description, and is

related to the conceptual diagram.

i Processing Section
:‘v’nice
~ === | Vloice Recognition | | Microcontroller ,| Bluetooth and "7z,
i Signal (DSP) ) RF Transmitter__(
|
|| Power Supply

Application Section > Relay Driver — Endpoints

z“h Bluetooth and RF

I
|
|
|
! Recever
|
|
|
|
|
|

» Relay Driver —— Endpoints

.’

Power Supply

———» Motor Driver —» Endpoint

Figure 3.1: The Detailed Block Diagram of the Entire Syst@

The system hardware architectural peripherals are realized with the following components:
Microphone, Resistors, Capacitors, Transistors, Diodes, Quart Crystal, Relays, Motor Driver,
Microcontroller, Voice Recognizer, Drivers, Rectifier, and soldrese components are used to
implement the various system block units shown in the detailed system block diagram shown in
Figure 3.1.

Theconceptual (functional) diagram formulated from the system architectural block diagram is

shown in Figure 3.2. This siem conceptual diagram presents the overall functional ideas of the
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smart home system, and the system's various interactions and operations eleeehdgscription

basis.
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Figure 3.2: The Conceptual Diagram of a Smart Home Technology.

3.2.2 The Desgn Specifications
Good requirements are objective and testable. Design Specifications include; specific inputs,

including data types that are entered into the system. calculations/code used to accomplish defir
requirements, outputs generated from theéesysexplaining technical measures to ensure system
security, and identify how the system meets applicable regulatory requirements. This section

describes the principles and strategies used as guidelines during system design and implement:
3.2.2.1 Material specification

The material requirements and their specifications as used in this project are stated in Table 3.1

below
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Table 3.1: Material Specifications.

A HARDWARE SPECIFICATION
1 Voice Recognizer VoiceGP DKT2SI
2 Headset Microphone Wireless Ominidirectional Microphone
3 Wireless Systems RF Module(ASK RF TransmitteiReceiver Module of
frequency 433 MHz) and Bluetooth Device (186)
4 Microcontroller ATMEL- 89C51
6 Switches Push Buttons
8 Motor Driver IC L293D motor driver (IChoused by FBridge Circuit)
9 Motor DC motors
10 Motor Driver Circuits H-Bridge Circuit (the L293D motor driver socket).
11 Relay Drivers SPDT Relay, Form C Relay
B SOFTWARE SPECIFICATION
1 Proteus simulation software Proteus 8 profession8lite
2 Development Environment Microcontroller Development Environment
3 Database Workbench MySQL
4 Integrated Development Microsoft Visual Studio 2010
Environment (IDE)
5 Programming Language MATLAB (program language for algorithmic

implementation, which provides number of toolboxes such
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voice acquisition and database toolboxes), C# Prograr©a
language

6 .Net Framework .Net Framework 4.0

3.2.3 Overall System Design and Description
The system architectural block diagram of this wireless séves®d voice activated smart home
technologies for the disabled aged persons shown in Figure 3.1, is composed of modular sub ur
and it is related to the functional diagram of Figure 3.2s@&hmodular subunits were made up of
two prominent modular sections, which form the two basic design blocks namely:

1. System Processing Section (SPS) and

2. System Application Section (SAS).
The entire system design will be carredlt by design execution ofaltwo basic blocks
system processing section and system application section. Figure 3.1 represents the system
processing and system application sections, and together they represent the design flow of the ¢

system, and explain the way in which it \ker

3.2.3.1 System Processing Section (SPS)

The SPS encompasses the system power supply unit, the input unit, the processing unit, the
controller unit and the wireless transmission media (transceivers) as shown in Figure 3.1.

For easy desigimplementation, this section is further split into the following segment units: voice
input unit, manual training unit, signal processing unit, controller unit, storage units, display unit,
coding and decoding unit and transmission unit, which formedettteor's design flow shown in
Figure 3.3.

The voice as an input signal is fed into the system through the voice input unit, as the name imp
This input unit comprises of an input device: Microphone sensor, to receive the voice as an anal

input signalto the system. The received analog input signal is then passed onto the Digital Signa
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Processor (DSP) responsible for receiving and processing the analog voice input signal into digi

signal.

C% Voice Input Signal

Unit

h J
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Unit

!

Storage Unit

L

L J

Identified Input Interfacing
Voice Signal Unit (Controlling) Unit

v

Coding and Decoding
Unit

L A

Transmitting Unit

r

Figure 3.3: The Design Flow of the System Processing Secti

The digital signal processor receives the analog voice input signal, and converts it into a digital
signal to make it compatible with the system. This unit also stores the voice commands, which w
be used as the preset command words, through the umimdgrarocess according to human voice
vocabulary, and it matches and recognizes voice commands, relating to the function it is expecte

perform.

The DSP unit is trained by the manual training unit for the needed preset command words to be

to be sed to match input signals and initiate the required tasks of device control.

After signal processing unit training with the manual training unit, the predefined command word
are retained storage units as addresses in the memory. Later, the spokeanamesds are
matched with the predefined commands to perform a function. In this unit, predefined command:

first saved, and later they are used for matching with the voice input to perform a predefined tasl
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The controller unit made up of the microcatier with the wireless transceivers, interfaced SPS
with the rest of the circuitry. This unit handles the process of choosing the appliance, which
supposed to be operated.

The display unit included to make the system more users friendly and easfiyiblegevisually
displays the spoken voice command, and the function that is going to perform, and help the usel
avoid errors.

The coding and decoding unit is encompassed of the signal encoder for data coding, to interface
upper part of circuit witthe transmitting unit, and a signal decoder for data decoding, and to

interface receiver with the rest of the circuit.

The transmission unit comprised of the transceivers as media for data transfer from SPS to SAS

using suitable transmission technology.

3.2.3.2 System Application Section (SAS)

The system application section comprises of the receiving unit, the power supply unit, the switct
(actuating) unit, and the endpoint (application) unit as shown in Figure 3.1.

The SAS is further split into the follving segment units: switching unit, receiving unit, the power
supply unit, the switching (actuating) unit, and the endpoint (application) unit, which formed the

section’s design flow for easy design implementation as shown in Figure 3.4.

%ﬁl—‘_ Receiving Unit

Powwer Supply Uinit

w

Switchimg Unit

+

Appliances LNt

Figure3.4: The Design Flow of the System Application Section
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This SAS receives data serially from one point to the other. The switching unit is composed of th
actuators (relay drivers and motor drivers), which decide the device to be switched ON or OFF,
OPEN or CLOSE, TURN LEFT, RIGHT, UP, DOWN or HALT based on the signal received by tf
controlling circuit. The appliances unit consist of the appliances to be operated upon. The safety
is made up of the power supply to the system circuit, to prdtecyistem against damage by back
EMF, physical connections or high voltage and so on. This block is responsible fphgsical
connection route towards the rest of the circuit, preventing damage due to physical connections.
Based on this research objget the multimodal smart home system was realized. The various suk
technological systems that made up the smart home are shown in Figure 3.5swieathetailed

block diagram of the realized systewoice-activated smart home system for the disablgstia
persons, ant composed of three major suhits: thevoice-activated subsysterthe control unit,

and the end point units. Thgut unit that interacts with useissconnected with the voieactivated
subsystemthe control unit is the part of thgstem that interacts with the system end points, by
manipulating the endpoints to the desired state using recognized command from the VAS. The
endpoints comprised of the doors and windows, electrical loads and appliances, and robotic
wheelchair. All thesenits interact together every time the home occupants issue commands to tr

system.
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Figure 3.5: The Detailed Block Diagram of the Entire System

The Voiceactivated subsystem (VAS) comprises the input unit, the control unit, and the transmit

there is an

unit. Like the name suggests, the main source of input is thrdogle however,
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alternative manual source of input for robustness. Hence, the input unit consists of two input
methods voice and manual input. This input unit provides commands foralbngy the endpoints,
the robotic wheelchair or for emergency contact; this is done through voice or the manual input.
the control unit, the processing of the input signals takes place, which is coordinated by a
microcontroller. Here, the voice signalise processed for recognition by a Digital Signal Processor
(DSP) and then sent to the microcontroller for transmission. The VAS is responsible for transmit

the processed signals, now in the form of commands, to the ECS or the RoWS.

Finally, on overalsystem model and descriptiadhe most fundamental form, voice sensing and
recognition are at the core of this smart home system. Voice requires a form of processing and
analysis, after which the necessary communication to the home appliances forragtaatth

occur. It is with this in mind that the system was modelled. This smart home system is a controlle
type, where some sort of remote control is needed to operate the system. This system sees the
voice as the method of control due to therresons of the user considered.

The control of the system comes with the use of voice and an optional manual input, which on in
are processed to be mapped to the appropriate command. After the processing and mapping to
appropriate commands, the endgeiof the system are controlled via a wireless link within the
range of the link used. This system can be expanded to fit more users and more appliances sucl
at the user end, a defined set of us edpants i n
are the appliances to be controlled, such as bulb, fan, etc.) can be added where possible. The F

3.6 shows the model used in designing the system.
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Figure 3.6: Design model for the Smart home Technologies™ System

3.2.4 The System DesigriModel

Considering the model in Figure 3.6, the breakdown of the system model into components woul
it divided through the wireless link into two main components:

1. The Voiceactivated Subsystem (VAS) and,

2. The Electrical Control Subsystem (ECS).

This bre&down is synonymous to a Transmitteeceiver structure as seen in the Figure 3.6. The
transmitting section consists primarily of an inputhether voice or manualko the system, a form

of processing where the input is recognized and mapped approptiatetommand, and then sent
out via a wireless link to the Receiving section. Hence, it is dubbed the-&divated subsystem.

The receiving section consists of a wireless link for the reception of transmitted commands, a
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processing unit for verifyingnd acting upon the received commands to activate the selected

electrical endpoint, hence, the name, Electrical Control subsystem.

A third subsystem according to the earlier stated requirements is also considered. It is:

3. The Robotic Wheelchair Subsysit¢dRoWS).

It holds the Voiceactivated system since the user utilizes it for easy navigation.

Considering the system model, the system is further designed for its hardware and software
constituents.

3.24.1 Hardware Design

The system modular designrespresented by the architectural block diagram shown in Figure 3.7.
This architectural block diagram gives a more detailed interaction of the components of the entir
system. This block diagram has been sectioned into three main medlhke¥ oiceactivaed
subsystem (VAS), the Electrical Control subsystem (ECS) and the Robotic Wheelchair Subsyste
As emphasized previously, the VAS can be seen as a transmitting unit, while the ECS and the
Robotic Wheelchair Subsystem (RoWS) are considered as the reaaningence, the components
include:

a) The Voiceactivated subsystem (VAS).

b) The Electrical Control subsystem (ECS).

C) The Robotic Wheelchair subsystem (RoWS).

The Voiceactivated subsystem (VAS) comprises the input unit, the control unit, and the transmit
unit. Like the name of the subsystem suggests, the main source of input is ¥oocghowever,
there is an alternative manual source of input for robustness. Hence, the input unit consists of tw
input methods voice and manual input. This input upitovides commands for controlling the
endpoints, the robotic wheelchair or for emergency contact; this is done through voice or the ma
input. In the control unit, the processing of the input signals takes place, which is coordinated by

microcontrolle. Here, the voice signals are processed for recognition by a Digital Signal Process
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(DSP) and then sent to the microcontroller for transmission. The VAS is responsible for transmit

the processed signals, now in the form of commands, to the ECS& RoWS.

The Electrical Control Subsystem (ECS) comprises the receiver unit, the control unit, the switchi
unit, and the endpoints. The receiver unit is responsible for the reception of the transmitted sign:
from the VCS. The control unit comprises naicontroller at the heart of the subsystem, creating a
connection between the received input with the switching unit and coordinating the entire subsy:s
It handles endpoint selection through the switching unit by mapping the received command to th
apprgriate endpoint. The switching unit responds to activation from the control unit. It mainly
consists of switching devices responsible for controlling endpehdse appliances/parts of the

house- to the desired state.
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Figure 3.7: The Architectural Block Diagram of the System Hardware.
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The Robotic Wheelchair Subsystem (RoWS) is similar in structure and operation to the ECS;
however, its endpoints are the electric motors of the robotic wheelchair for navigation. It respond

the commands of its contronit having received commands from the VAS.

The entire smart home system can be further analyzed separately according to their subsystems

3.2.4.2.(a) The Voiceactivated subsystem (VAS)
Further analysis of the VAS will see it broken down into stiflaller units as illustrated in Figure

3.7. Hence, the VAS comprises:

1. The Power Supply unit

2. The Voiceprocessing unit
3. The Manual input unit

4. The Control unit

5. The Output display unit

6. The Communication unit

The Power Supply Unit (PSU):The power supply unisiresponsible for feeding power to the
entire VCS. The VCS is a lopower system that utilizes 3.3V or 5V input voltages, hence, all units
of the subsystem are reliant on low DC voltages. Since this subsystem is mobile, it is only logica
utilize a suitible battery and a regulated circuitry to supply the needed voltage levels needed by 1

subsystem.

The Figure 3.8 shows an illustration of this unit. The battery supplies the needed voltage and the

voltage regulation circuit regulates and supplies theogpiate voltage to other units.
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Figure 3.8: Block Diagram of the Power Supply Unit of the VAS

The Voice-Processing Unit:The voiceprocessing unit is the main source of input to the VAS. It
mainly comprises of a microphone for collecting voice irfputn the user, and a voice recognition
module for processing the voice input signal as shown in Figure 3.9. It is responsible for providir

input for controlling the endpoints and the robotic wheelchair, and for activating an emergency

response.
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Figure 3.9: Block Diagram of the Voiceactivated subsystem

105



The voiceprocessing unit receives an analogue voice signal via the microphone sensor and senc
this signal to the voice recognition suhit which mainly comprises a Digital Signal Processor
(DSP) for he analysis of the voice signal. This DSP is responsible for converting the input analog
voice signal to a set of digital signals. These digital signals are further processed into command:
can be mapped to a certain actiaontrol of the endpointsobotic wheelchair control, or

emergency alert activation by the control unit. After the analysis of the voice signals by the DSP,
the processing of the commands by the control unit, the selected command is then transmitted v

wireless link.

The Manual Input Unit: The manual input unit is the alternative source of input to the system. It |
necessary for cases of failure of the vgicecessing unit serving as a form of input override to
allow the user to give commands manually. It consistsmiftieelection for controlling the

endpoints of the smart home, for navigating the wheelchair, and for activating an emergency ale

similar to the voice processing unit as shown in Figure 3.10.
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The manual input unit sends its inputs to the control unit for verification and matching of input

commands after which a certain action is performed based on the input selected.

The Control Unit: The Control Unit is the brain of the VCS. It controls @odrdinates every unit
in the VCS. It usually consists of a microcontroller to provide the necessary interfacing to all unit
the VCS. The control unit receives voice or manual inputs, verifies and matches the inputs to
appropriate commands and sendsthie wireless link for an action to be taken. It also sends data t

the display unit.

The Output Display Unit: The Output Display Unit is a visual output unit. It is responsible for
showing the current state of the smart home system. It provides theitlistire current state of the
endpoints of the ECS. It receives data from the control unit and displays system recognized

command appropriately as required. It is shown in Figure 3.11.

s N\
. 3 s N )

Emergency Transmitter || Transmitting to
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J \ J
\ J

Control Unit ‘/

User Display
Unit

Figure 3.11: Block Diagram of the output section of the VAS
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The Communication Unit: The communication unit is the link to the rest of the smart home
system. It provides a wireless means of communication to other subsystems. It comprises of twc
modes of communication, one for controlling the endpoints or the robotic wheghnid the other

for reaching out to an emergency contact. It is illustrated in Figure 3.11.

The communication unit receives commands from the control unit for control or emergency alert.

is responsible for encoding and sending the user commandwialass medium.

3.2.4.2. (b) The Electrical Control subsystem (ECS)
The Electrical Control subsystem (ECS) is the controller of the electrical AC and DC endpoints ir
the smart home. It receives commands from the VCS and responds to the command bydcting s

as turning on/off an electrical point and is illustrated in Figure 3.12.
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It consists:

a) The power supply unit

b) The communication unit

C) The control unit

d) The switching unit

e) The endpoints
The Power Supply Unit (PSU):The PSU of the ECS is a combination of Direct Current (DC) and
Alternating Current (AC) outputs. This is illustrated in Figure 3.12. It receives the 50Hz, 220/240
AC mains voltage supply and converts the AC supply to DC sufiyeby providing both voltage
types as outputs to the ECS. It consists of a transformer, a rectification unit, and a smoothing an
regulation unit. The AC voltage output from the PSU powers the AC electrical endpoints of the E

whereas the DC voltageaitput powers the DC electrical endpoints.

The Communication Unit: The communication unit of the ECS is a receiver linked to the
communication unit of the VAS and is capable of data reception for control of the smart home
system. It receives commands sentif the VAS wirelessly and sends to the control unit of the ECS
for processing. From Figure 3.12, it can be seen that this unit receives power from the PSU for
operation, and communicates the received commands to the control unit. Hence, in this ECS, th
communication unit sends commands received commands to the control unit for control of the

endpoints.

The Control Unit: Similar to that of the VAS, the control unit of the ECS controls and coordinates
the ECS. It receives commands from the communicatiananl translates the received commands

to its corresponding action. This is seen in Figure 3.12.
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The Switching Unit: The switching unit switches the appropriate endpoint in response to the cont
unit. It consists of AC and DC electrical switchesdontrolling an endpoint. It is designed to meet

the electrical requirements of the endpoints. It is illustrated in Figure 3.13
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Figure 3.13: The block diagram of the switching unit of the ECS
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The Endpoints: The endpoints are the termination points ofgtrart home system. They act in
response to the voice command or the manual input of the user. The endpoints can be an AC lo

such as light bulbs, or a DC load such as the DC motor used in controlling the doors or the wind

3.2.4.2. (¢) The Robotic Wheelchair subsystem (RoWS)
The Robotic Wheelchair subsystem (RoWS) is another receiving subsystem in this smart home
system. It is needed to aid the movement of the user since a disabled user is being considered.

An illustration is shown in Figure 3.14.

Robotic Wheelchair Subsystem
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Unit Motors

4

Control Unit

Motor Drivers
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iniePPey
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Figure 3.14: The block diagram of the RoOWS
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It consists of the followings:

1. The Power supply unit
2. The Communication unit
3. The Control unit

4. The Actuating unit

The Power Supply Unit: This is the same as the Power Supply Unit in the VAS. There are two
options forthis unit. It can either share power with the VAS or have a standalone battery for its
power that would be charged when low.

The Communication Unit: This is similar in operation to the communication in the ECS. In this
unit, commands for the navigationtbie robotic wheelchair are received from the VAS and then
sent to the control unit for the appropriate action to be taken.

The Control Unit: This unit acts similarly to the control unit of the ECS. It takes received
commands from the communication unit aloves the actuating unit of the RoWS.

The Actuating Unit: This is the termination point of the ROWS. It consists actuators for moving th

robotic wheelchair in reaction to received commands from the VAS.

3.2.4.3 The Robotic Wheelchair Navigation Interface

The need to create interface systems that allow a more natural interaction with a wheelchair has
to developing this proposed voice control interface smart home assistive device, that can perforr
simple command control with the basic moves toalthe wheelchair using a microphone.

Primarily, the Voice Activated Subsystem (VAS) consists of two parts: the first section is a
vocabulary training that builds a reference voice commands model and the second is a voice
recognition section that uses thieference model to compare the input commands with the model

that was built. The command signals are received from the user through magmsEtoe sensor
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modules and microphone, and are sent to the microcontroller system. The voice commands that

used to control the voice interface can be seen in the following Table 3.2.

Table 3.2: Voice Commands for the Voice Interface

Commands Actions Commands Actions

One Power on the syster Left Turn to the left

Up Move forward Right Turn to the right

Down Move back Halt Shut Down (Stops also engines

3.2.4.4 Smart Wheelchair Obstacle Avoidance Embedded System

This work focuses on creating a smart wheelchair that provides collision avoidance at a low cost
with minimal modifications to the environment or current wheelchair, so specifically for this syste
and will be realized using ultrasonic sensors (e.g-3R04 ultrasonic sensor, because it is the most
accessible on the market). This smart wheelchair used a combination of different types of senso
such as IR sensors, sonars, bumpers, and stereoscopic cameras, and these sensors play the ro
perceiving tle surroundings of the wheelchair system. The major challenge of achieving wheelch.
obstacle avoidance is finding the correct sensors combinations that will properly cover the
wheelchair surrounding areas. The sensors to be selected must possessfitetumasn need to be
light in weight, small, low power consumption, inexpensive, accurate, and be robust, and resistal
to every environmental condition. There is no single sensor that have been found to meet all of t
features, hence the reason fag tombination of different types of sensors to obtain more
information around the wheelchair environment. According to the above features, this wheelchai
obstacle avoidance system was developed as an embedded device, due to an embedded systel

be easy mounted on the wheelchair, it does not modify the structure of the wheelchair, system
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programming can be performed in different operating systems, and obstacle avoidance system \

distributed in modules.

Subsystem Sensors Location and DistributionSersors were placed in created modules with a
different number of sensors in each module, to cover the largest possible environmental area as
in Figure 3. 15, these modules are placed as follows: two of these sensor modules, which conta
four sensorsrad cover sixty degrees, were placed at the front and the rear side of the smart
wheelchair. But another set of four modules each containing three sensors placed at different ar
to detect obstacles and specific floor irregularities such as holes osteitanges above the floor,
covering 45 degrees per module, were placed at the upper left, upper right, lower left, lower righ
corners of the wheelchair. Similarly, in the sides of the wheelchair, four sensors each covering 1

degrees per sensor and separated from each other, were placed per side.

Ultrasonic Sensor

Figure 3. 15: The Distribution of Ultrasonic Sensors, for Obstacle Detection and Avoidance on

Smart Wheelchair System.
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Here, to enable this wheelchair prototype detect and avoid collisions, it was desigoeer a total
of 300 degrees with the modules that are on the front and the rear of the wheelchair, while on th
other hand, three sensors were placed on the sides of the chair to detect obstacles if it is moving

sideways.

Finally, a total otwenty-six ultrasonic sensors were used on this prototype as show in Figure 3.1¢

The collision avoidance smart wheelchair system was designed to fit nicely into the multimodal
smart home interface, and the system works by using different input commashdsytdized most

of the inputs and outputs of the microcontroller. The system structure allows constant
communication with the sensor, which monitor the environment for potential obstacles, and senc
the information received by sensors to the microctietr. Primarily, this developed wheelchair has
four possible methods of control that works, and are only interrupted by the presence of an obst:
and the actions performed by this wheelchair were programmed into the system microcontroller
the circut board. Finally, the system sensing and wiring diagram of the complete smart wheelche
system is shown (in Figures 3. 16 & 3.17), and it includes input devices, which provide signals tc
drive the wheelchair, and the connections of the tweight ultrasnic sensors that were used as

well as the battery and gearboxes engines coupled to the microcontroller circuit.
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Figure 3. 16: The Smart Wheelchair Sensing Hardware Diagram
The entire subsystem architecture is shown on Figure 3.17, observe from timg si@atrol
paradigm that this system accepts velocity commands from a user interface and ultimately outpt
desired velocities for the Iodevel motor controller. The systeAssistive DriveBlock (ADB) in
between, modifies, the given velocity commandsriable obstacle avoidance, that is made possible
by the costmap that holds the latest information about all the detected obstacles, and the CIiff
detector in addition constantly monitors cliff sensor data to detect a possible increase in the dete
rangewhich would mean a cliff or a staircase being right under the robot footplate. This makes th
system to send an interrupt stop command to the motor controller, thus preventing the wheelcha
from a tipping over. On the diagram of Figure 3.17, the autonemavigatiorblock that is not used
for steering control is shown faded. The movement task of smart wheelchair system was simulat
with a graphical user interface (GUI), using actual wheelchair speed as a variable and computer
multimodal interface (@rdware), in order to teach users how to use the system properly and
intuitively. The programming environment that was used for the graphical interface is an open

source programming |l anguage named AProcessiI
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Another reason why it was decided to develop a software simulation, it is because the programn

environment "Arduino” is based on processing
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Figure 3.17: The Simulated Tasks of Obstacle Avoidance System

Furthermore, the programming of the tasksludtacle avoidance system that was simulated works

as follows.

1. When the ultrasonic sensors perceive an obstruction, the microcontroller disables command
directions that are leading to the obstacle, but kept enabled only commands in which the se

have not detected obstacle.

2. When the sensors detect several obstacles, the microcontroller acts in the same way as
but when an obstacle sensed is too close, the microcontroller in addition triggers alarm to

the user.

When the obstacléetected is within a close range of about 3 cm from the sensors, the
microcontroller sends a signal to activate an alarm, indicating that there was an obstacle. Figure
shows the algorithmic flowchart of the obstacle detection and collision avoidemtzihe digital

robotic wheelchair collision avoidance movements are shown in table 3.2.

119



Titialize Sensor
LD=0: Ls=0

R5= DFE 0

Set 5&115015 Status

ON
(Take Input)

Figure 3.18: The Robotic Wheelchair Collision Detection and Avoidance Flowchart

Table 3.3: The Digitalized Robotic Wheelchair Collision Avoidance Truth Table

0 0 1 1 Moves Forward
_ N EE
B o ! 1 0  Moves Right
1 0 0 1 0
0 1 0 0 1 Moves Left
0 1 1 0 1
0 0 1 0 0 Stop



3.245 SoftwareDesign

The software required for running the smart home system is designed in this section. The waterf
software development approach was used for design, programming, and modelling. The flowche
diagrams used in this design present the-Btegtep pocedures for the implementation of software
programs used in both system design and program implementation achieved by converting the

system specifications into executable software.

3.2.4.6 The System Software Architecture
The software design consists odtapby-step design of the subsystems of the software system

architecture shown in the architectural block diagram of Figure 3.19.
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Figure 3.19: The software architecture of the smart home

Each subsystem is linked only through a physical wireless cbhones described in the hardware

design, and an illustration of the design flow is seen in Figure 3.19. The flow of data goes throug
the wireless link between the subsystems. The software in the VAS collects and processes the r
voice analogue input aBgital data which is sent out to either of the ECS or the RoOWS dependent

the active system. The software for the ECS receives input data, processes it and performs a
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corresponding action that actuates an AC or a DC appliance. Similarly, the softwaee RoWS

receives input data, processes it and performs a navigation action that corresponding to its input

3.2.4.7 The System Software Design Requirements

In addition to the overall system requirements, the system software is required to meetwagfollo

criteria:
a) The software should ensure data reception from voice recognition.
b) The software should analyze the data received to communicate with the application device
C) The software must be able to perform accurately.
d) The software should further procehse commands and map them to an output.

e) The software should execute the corresponding operations assigned to each event.

3.2.4.8 Software Design of the subsystems

3.2.4.8.(a) The Voiceactivated subsystem

An effective voice recognition requires thgstem to detect and allow commands from the specific
user designed for. This requires training the VAS adequately to detect only the voice of the user
Hence, the VAS is capable of operating in two modes the training mode and the normal mode, tl

seenin Figure 3.20.
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Voice-activated subsystem: Phase 1 [Training Mode]
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Figure 3.20: The software architecture of the VAS

The two modes of the VAS is seen in Figure 3.20. The training mode of the VAS is necessary fo
the system to operate as intended. It takes in the analogue voice input from the @sts, axtr
converts it to digital format to be stored using quantization method, and the digitally processed

signals known as command words, are stored, and these command words then form the preset

124



commands of the smart home system during normal operaterg, tthe training files are prepared
by the user, and the voice files are recorded from the microphone and the MFCC features are
extracted from the input file, and are then stored. The collection of these training files is called
database. The user theaitrs the system using the files in the database, and it is called training

phase or prgrocessing. Figure 3.21 shows the flow chart of the step of training phase.

¥

/ Voice Signal Acquisition /

i.  Voice Signal Processing
ii.  Voice Feature Extraction

was the Voice Feature
Extracted?
Yes

Reference Template

Figure 3.21: Flow Chart of the step of Training Phase

The normal mode of the VASperates such that there are reception and verification of the voice
signals with the stored voice commands of the user. When the VAS has been trained and is in n
mode, analogue voice input is sent into the VAS and converted to a format that cafidsewitin

the predefined voice input stored during training. Once verification is successful, the commands
map to the predefined voice input are selected to enable the system to perform a particular funct

This process of testing phase is illustdhby the flowchart in figure 3.22.

125



* +—

/Voice SignalAcquisition/ ‘T’

i. Voice Signal Processing
ii. Voice Feature Extraction

was the Voice Feature
Extracted?
Yes

Match the Feature

Does the Feacture
Matched?
+ Yes

Select Command Word

Figure 3.22: Flowchart of the step of Testing Phase

Microsoft Access Databasee two databases designed using Microsoft Access 2007, and they

Afuserl do and AhomeDBO. T he A umfermdtiehowhidhais usdo a s
by the administration to identify and manir
stores all home command words rel ated dat a,
Afdat eRego tabl es, wdioragehwhigicate essential teetime prograaniflow. The
database has a login password which allows access. Figures 3.23 & 3.24 are the flow diagrams

fuserl do database and AhomeDBo0O dat abase.
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Figure 3.23userld database

The smart home systemiterface is made up of the login part, to make the system more secure as
users have to login first before having access to the main interface, and the main interface part.
folder of the design project i s nameamgiafdidAF

i's in ADebugodo folder within the project fol

Programming the software for the VAS would require following the flowchart in Figure 3.25. The

program flow is implemented by the contraiituof the VAS.
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Figure 3.24: The flowchart diagram of the VAS
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3.2.4.8. (b) The Electrical Control Subsystem

The control unit of the ECU holds the software for the working of this subsystem. It controls the
flow of data into the subsystem and activateyg action corresponding to the input received. As see
in Figure 3.25, the ECU processes data through Data Reception, Command Verification, and

Command implementation.

Electrical Control Subsystem

Command
Reception via
Wireless link

Command
Verification

Selection of
Switching unit

Control of
Switching unit

Figure 3.25: The software architecture diagram of the ECU

The ECU receives incomirapta through its wireless link with the VAS. Its control unit manages th

flow of data into the subsystem through the device used for communication. On reception, the in
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data is decoded and is passed to the control unit for verification. Its softvdies\the input data
from the wireless link and activates a corresponding action. If an invalid data is sent, then no act
is performed. Since the control unit interfaces the communication unit with the rest of the circuitr
switching block and thenglpoints, it handles all processes and the selection of the endpoint to be
activated. Its software directs the flow of data between the interfaced units, hence the flowchart

diagram in Figure 3.26.
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Figure 3.26: The flowchart diagram of the ECU

3.2.4.8.(c) The Robotic Wheelchair Subsystem

The software for the RoWS works similarly to that of the ECU. The control unit of the RoOWS alsc
manages the flow of data into the subsystem and activates any action corresponding to the inpu
received. It also processeéata through Data Reception, Command Verification, and Command

implementation as seen in the software architecture of the smart home system shown in Figure .

Robotic Wheelchair Subsystem

% r—/=ﬂ\
Command

Reception via
Wireless link

S

Command
Verification

7 L
Wheelchair

Navigation
Control based
on Commands

N—

Figure 3.27: The flowchart diagram of the RoWS
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The RoWS receives incoming data throughwit®less link with the VAS. Its control unit manages
the flow of data into the subsystem through the device used for communication. On reception, th
input data is decoded and is passed to the control unit for verification. Its software verifies the in|
data from the wireless link and activates a corresponding action for navigating the wheelchair. S
the control unit interfaces the communication unit with the rest of the cireufieydrivetrain for

the wheelchair, it coordinates the movement efwineelchair. Its software directs the flow of data

between the interfaced units, hence the flowchart diagram shown in Figure 3.28.
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Figure 3.28: The flowchart diagram of the RoOWS

3.2.5 Design Analysis
The schematic diagram shows the {@wvel descriptia of the design wherein complete details about

the unit components and their integrational connections are presénéeBligure 3.29 shows the
schematic design of the multimodal input control smart home technologies for the aged persons
Voice Control Sysgm. This schematic diagram is separated based on its two major units which al
Smart Home Transmission unit and Smart Home Receiving unit. The Transmission unit is a syst
that allows system interactions such as data input, recognition, interpretatisenalig of control
signal to the remote output, while Receiving unit, interprets the received control signal and use it
switch smart home appliances. The schematic diagram of the Transmission unit and the Receivi
unit are illustrated by Figure 3. ZBhe smart home remote input controller is composed of the
following subdiagrams for data inputs namely the voice recognition input module, the joystick inf
module and the push button GSM input module. The control activities of transmission system art
done by the Microcontroller Unit. However, the smart home remote application controller is
composed of the following sufliagrams for smart home output application control devices such as
the window unit, the door unit, the fan unit, the electrical appéisnmit, and the smart wheelchair
unit. Receiving unit uses both wireless Bluetooth and RF transmission as the medium of
communicating with these output devices.

The Maincontroller Unit consists of a VoiceGP module, an electrets microphone, aimliedors

for voicerecognition. The VoiceGP module is an-tfe-shelf voicemodule and microcontroller,
which is responsible for voice command recognition and control signal distribution. It acts as the
heart of the voic@ctivated home Control System Desigwery time the VoiceGP module
recognizes a certain voice command, it performs certain actions such as playing .wav files and

sending signals to its 10 ports.
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Figure 3.29: The SystenSchematic Diagram
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The electret condenser microphone connected to the VoiceGP (refer to Figure 3.30) serves as
input for the voice command. The gain resistor in series with the positive pin of the electret

mi crophone has a computed vafl3metersof 1. 237 k)

12V O Neutral —
Ve Live

A
—
D1 il —
1N4001 $ |

Appliance

a1
225)14 3300 _qT
GND
3 IP31A

Figure 3.30: Relay Driver Circuit (Rommer et al, 201}

The formula for gain resistance was obtained from the VoiceGP datasheet. The formula and

computations are shown below:
Rs=1Xx 1(53-sensitivity/20 (3_1)

Where: G = overall system gain
Sensitivity = sensitivity rating of the microphone in term$ a@i.
| = impedance rating of the microphone

Rs = microphone source resistor

The Lightemitting Diodes (LED) connected to the 10 ports of the Voicetdule (LED1, LED2,
and LED3) pertains to the led indicators for voice command recognition. These led indicators ar

lighted and represents a specific operation of the module. LED1 signifies that the voice module i
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ready and waiting for the trigger wotal be uttered. LED2 signifies that voice module accepts the
trigger word and is waiting for the specific voice command to be uttered. LED3 signifies that the

voice command was rejected.

Both Lights and Fan units contain relay drivers for controlling thepA®er used by the Lights,

Fan, and Fridge. The relay driver circuit shown in Figure 3.30, consists of a TIP31lr&f3istor,
330Y resistor, 12V relay and 1N4001 diode.
current pass through the basmitter junction. The transistor serves as a circuit that controls the st
of the relay. The diode serves as a protection for the relay and the relay controls the flow of AC

power in the AC sockets which in turn control the Lights and Fan.

When a 3.3V psitive volt was applied at the base of the transistor, the colentiter junction
connects together. Thus, the 12V power flows through the inductor part of the relay which then
energizes the switch inside the relay. The state of the switch deteifiiree&C power flow to the

AC socket. The reverdaiased diode serves as a voltage protection for the inductor part of the relz
such that no current will pass through when the transistor is not active. If ever no positive voltag
applied to the basd the transistor, the transistor will not be in active state and the AC power is

disconnected to the AC socket.

The Led Indicators Unit under the Smart Home Assistive Controller unit consists of three LEDs
(LEDA4, LEDS5, and LEDG6) which correspond to the leoservices provisions (wheelchair control
services, door/window control services, and emergency call services) respectively. When a spec
service was invoked by the user, the led indicator will be lighted indicating that, that particular
service was laached. When a service was accepted, by means-gitB@ace, the led indicator

will be unlighted indicating that the service was already recognized.

Every microcontroller is taken to be a terminal of its own and must be matched to one access

terminal. TheN4001 diodes used in this work are all signal diodes, and are used for directing
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signals. The resistor used in biasing these diodesvisdgCause the ATEL80C51 microcontroller
has a maximum allowable pin current of 5mA standard.

SoV=IR (3.2

where V = required input voltage, | = Pin current, and R = biasing Resistor

ButV =5V, and | = 5mA

Therefore, R=V /| (3.3)

R =5/0.005,

1000Y = 1K Y.

A pull-up packed resistor is connected to the port O of each of the microcoritrotiake the port O
which, initially is actively low to be actively high to enable the microcontroller to be used. It takes
each microcontroller a default maximum time of 2mS to set up for operation from-ppvweown

as a reset time that enable microcolir set for internal operation. The RC circuit also known as
reset circuit, is connected to pin 9 of each microcontroller, and this RC circuit generates the rese

time, T for the microcontroller, and this reset circuit is shown in Figure 3.31.

sB0C51

- 1C|'|._LF

®* po

R=10K

Figure 3.31: Reset circuit connection
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The reset pin 9 of this microcontroller 80C51 has a capacitor, C and a resistor, R. where C = 10j

and R = 10KY as shown in Figure 3.31.

The reset time known as the period, T = 1.1 RC, then T = 1.1 x 0.00001 x4000®S. So, these
values of R and C are accepted, but since the value of T is less than 2mS, the AT806kip1 on
oscillator requires external clock to run it. The essence of using crystal oscillator is connected to
19 (inputs XTAL 1) and pin 18 (XTAL) of the microcontroller is to control the speed of the
microcontroller refers to as the maximum oscillator frequency connected in between XTAL 1 anc

XTAL 2, and a crystal oscillator with 12MHz frequency is used.

At the robotic wheelchair side, anlbtidge is designed with four switches such that when the
switches Swl and Sw4 are closed, and Sw2 and Sw3 are open a positive voltage will be appliec
across the motor. By opening S1 and S4 switches and closing Sw2 and Sw3 switches, this volta
reversed, atiwing reverse operation of the motor. The robotic wheelchair is operated with DC
motor and drivers with the4Bridge switching conditions. Two-4Bridge is needed, and each of the
H-Bridge has four transistors for motor operation switch is shown in F&j82e The four

conditions on which the motor movements based are shown in Table 3.4, while the wheelchair

direction that is based on the direction of the motors are shown in Table 3.5

i~

¥

F 3

Motor Driver

L293D

Swg L

1
Y

Figure 3.32: The HBridge Motor Operation Switch
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Table 3.4: Switching Binary Conditions

S1 S2 S3 S4 Output Resultant Effect
1 0 0 1 Motor moves Right

0 1 1 0 Motor moves Left

0 0 0 0 Motor Halt

0 1 0 1 Motor moves Up

1 0 1 0 Motor moves Down

The method for binary signals generation, which has two signal p€higdtisand low) is known as
Pulse width modulation (PWM) in which the width (W) of each pulse varies between 0 and the
period (T). The power control principle here is by varying the duty cycle, whereby the conductior
time to the motor is controlled, by vang tnor T of the duty cycle from 0 to 1 as shown in Figure
3.33. By controlling the duty cycle results to change in the average output voltagetween 0

and M, thus, controlling the power flow. Hence, the various logic states of the motor sadiche

to the duty cycle variations are shown in table 3. 5, while the motor direction in each of this
variation are shown in Table 3.6

T
] -

on

Figure 3.33: The Binary Signals Generation

Table 3.5: The Logical States of the Switches
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Switch Logic States of the Switches | Output | Output Effect
Combinations

Swl| Sw2 Sw3 Sw4
Swl, Sw2 1 1 0 0 1100 | Right Movement
Swil, Sw3 1 0 1 0 1010 | Up Movement
Swi, Sw4 1 0 0 1 1001 | Halt
Sw2, Sw3 0 1 1 0 0110 | Halt
Sw2, Sw4 0 1 0 1 0101 | Down Movement
Sw3, Sw4 0 0 1 1 0011 | Left Movement

Table 3.6: The Wheelchair Direction with Respect to that of Motors

Direction Motorl Motor2
Forward Up Up
Backward Down Down
Left Down Up
Right Up Down

The system command wordge shown in Table 3.7.

Command Words

Light on
Light off

Fan on

Output String values

Digital
0001
1110

0010
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Table 3.7: The System Command Words

Description

switch on the bulb
switch off the bulb

switch on the fan




Fan off 1101 switch offthe fan

Door open 0100 open the door

Door close 1011 close the door

Window open 0111 open the window

Window close 1000 close the window

Robot left 0011 robot moves in left direction.

Robot right 1100 robot moves in right direction.

Robot up 1010 robot moves in forward direction

Robot down 0101 robot moves in backward
direction

Robot halt 0110 robotic wheelchair stops its
movement.

3.2.5.1 Smart home technology system programme and algorithms

The smart home technologieperational programs are shown in Figure 3.34

Commands =[Light ON, Light OFF, Fan ON, Fan OFF, Door OPEN, Door CLOSE, Window OPEN, Window Keys:

CLOSE, Rabiot LEFT, Robiot RIGHT, Robot FORWARD, Robot BACKWARD, Robot STOP]
Lighton=1 switch on the bulb

=0
‘ Light off=3 switch off the bulb

d =input(‘Enter a command number:’);

Fanon=5 switch on the fan
Responses={Turning light on’, Turning light off’, Turning fan on’, Tuming fan off,, “Opening doar’,...
N o o , e o Fanoff=7 switch off the fan
(losing door’, "Opening window', ‘Close window’, ‘Turning robot left’, “Turning robot right’, ...
"Maving robot forward', ‘Moving robot backward', *Stop robat’} Door open=8 open the door
fori=1:length (commands) Doorclose=10  close the door
if d==commands i Window open =12 open the window
c=d; Window close =14 close the window
implement{Respanses ) Robotleft=16  roboticwheelchair turns and move in left direction.
end Robotright=18  robotic wheelchair turns and move in right direction,
d
. Robot forward=20  robot moves in forward direction
ifc==0

Robot backward = 30 robot moves in backward direction

implement (INVALID COMMAND')
Robotstop=40  robot halts its movement.
end

Figure 3. 34: The Smart home Operational Programme
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3.2.6 Design Implementation of the Smart home system Technologies

As discussed in the preceding sections, the smart home system designed and subsequently
implemented is a controllable smart home system where a control input is used to activated diffe
equipment in the house. The system hardware and software design processes involving the syst
architecture with detailed interactions of different-paipheral hardware and software components
were implemented. The VAS was implemented following the proposed design with the control ur
being primarily one that reacts to the voice of the user. The RoOWS was implemented with a
prototype of a robotic car wittoice commands from the VAS controlling the movement adequatel
The ECU was implemented to turn on/off endpoints on the reception of voice input. The endpoin
consisted of DC loads such as electrical motors for controlling the opening and closing wandows

doors, and AC loads for turning on/off light points, etc.

The implemented prototype is shown in Figure 3.35. The voice input, which is converted into dig
signals, are sent to the robotic car and the ECS to decide whether to trigger an alemt, grerfo

action or otherwise.
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Figure 3.35: The full smart home system showing the VAS, ECU and the RoOWS
Design Implementation Choices

3.26.1



Developing a prototype for the smart home system required making appropriate design choices
the system whileonsidering factors such as cost and functionality. The following choices were
made for the smart home system:

Voice input device The voice input device selected for the prototype development is the populz
Voice Recognition Module V3 made by Elechousés a compact and easpntrol speaking
recognition board. This product is a speattependent voice recognition module. It supports up to
eighty (80) voice commands in all with a maximum of seven (7) commands working at the same
time. The module has tme trained to recognize the voice of the user before normal operation. Jus
about any sound could be trained as a command. The module offers two means of control: Seric
Port (full function) and General Input Pins (part of function). Hence, it suits gddsmd our design
implementation as it could connect serially to the control unit to send data and has an accuracy

99% under ideal conditions.

The device works at an input voltage range.6f ¥\sand will draw a current less thanmB. The
choice of micophone and the noise in the environment plays a vital role in affecting the
performance of the module. It is better to choose a microphone with good sensitivity and try to
reduce the noise in the background while giving commands to get the maximum paderout of

the module.

Control device: The Intel 8051 microcontroller (MCU) is the controller of choice for the control
unit of each subsystem due to its robustness and ease of programming. bis mrcBocontroller,
built with 40 pins DIP (dual intie package), 4KB of ROM storage and 128 bytes of RAM storage,
two 16-bit timers. It consists of four parallelt8t ports, which are programmable as well as
addressable as per the requirement, a bit as well astigtessable RAM area of 16 bytes, four 8

bit ports, 16bit program counter and data pointer. Aclup crystal oscillator is integrated with the
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microcontroller having a crystal frequency of 12 MHz. A-put diagram of this device is seen in

appendix A. It sits at the heart of the control umieach subsystem of the smart home system.

Power: The selection of a suitable power supply for the components of the smart home system |
paramount for proper operation of the system. A suitable power has to be selected for each

subsystem and this selecgtidepends majorly on the mobility of the subsystem.

The VAS is a mobile subsystem of the smart home system. It is required to be as close to the us
possible, hence, the need to utilise a battery as its power source. It is combined with a suitable
voltage regulator (LM7805) for better performance. The RoWS is also mobile; hence, it also nee
battery as its source. This battery source should be of a rating suitable enough to power the driv
motors of the ROWS. The ECS is immobile, hence, it cancedts power from an AC source, since
it also requires AC supply. A suitable power supply unit for conversion to DC can be implemente

as shown in Figure 3.36.
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Figure 3.36: Power supply conversion for the ECS

Drivers:

a) Relay Driver: The relay driver B mechanism that controls a switch using a low voltage contr
signal. In this design,a?® r el ay, 330Y Resistor, 1N40O:

Is used. The resistor is connected to the positive signal coming from a GPIO pin of the &
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b)

MCU. The other end of the resistor is connected to the base pin of TIP31 which serve a:

triggering signal for the transistor. The emitter pin of TIP31 is connected to the GND pin.

DC Motor Driver: The L293D is a quadruple Hridge motor driver, as the namaggests it
used to drive the DC motors. This IC works based on the concepBrfdge, which is a circuit
that allows the voltage in either direction to control the motor direction. There are four input
for L293D, but Motors directions depend dretlogic inputs applied at these pins and making

sure that EN1 and EN2 are made high to drive the two DC motors.

Communication: Three communication modules were selected for this prototype implementatio

for a specific function. The communication modudes Bluetooth, RF, and GSM modules for the

VAS-to-RoWS, VASto-ECS and VASo-Emergency.

a)

b)

VAS-to-RoWS: A Bluetooth Module was best suited for this interface. This is due to t
necessity of closeness between the VAS and the RoWS as the VAS is desigrtbdtstichon

the RoWS. The H@5 Bluetooth module was chosen for this prototype implementation.

VAS-to-ECS: RF Modules are most suitable for remote control applications where distance
locality is required. It allows the user to control the appliamg®ut getting in touch with them
(due to various reasons like convenience, safety, handicapped, and so on). NaangjgoRF
module wireless control applications were chosen for this application such as an ASK
TransmitterReceiver Module of frequenat33 MHz. They are quite compact and cheap.
VAS-to-Emergency: The GSM Module was best suited for this communication due to the n
to reach an emergency contact in such cases. It allows a variety of communicaagn
messaging, voice call and intermeinnectivity. It serves as the gateway to the outside world i

cases of emergency. The SIM900 GSM Module was chosen for this prototype implementati
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3.2.6.2 Subsystems Implementation.
The prototype implementation for this voicentrolled smart homgystem has two main sections;

the remote hantield microphone embedded pathe VAS- and the relay embedded endpoint
control part the ECS. Based on the user requirements, the system needs to be designed and
implemented to make the system a workabtdesy, therefore, this section describes the prototype

implementation phase of the system.

3.2.6.2.(a) Voice-activated subsystem

As described in the Hardware Design section, the VAS consists: the Power Supply Unit, the Voi
processing unit, the Manual injpunit, the Output display unit, the control unit and the

Communication unit. Each unit was implemented according to the design requirements.

The power supply unit consists of a 12V Lithium Polymer battery connected through a voltage
regulator to supply #required voltage level for the subsystem. The voltage regulator used is the
LM7805 used in common applications for regulating voltages to 5V. It receives supply from the
battery source and provides regulated output to the Transmitter, Control, Voitenmglule, and

other parts of the circuitry. It is capable of supplying up.5&\ 1o the VAS.

The voice processing unit was implemented using the Voice Recognition Module V3 shown in
Figure 3.33. It comprises a microphone, the HM2007 IC which is the dfeag module and other
interfaces for control and it is responsible for voice analysis and recognition. The module is first
trained to receive and recognize voice input from the user through voice matetiage the voice
input is received and verifie@n normal operation, it communicates with the control unit via serial

interface- UART - for command selection.

For manual input, a series of buttons were used to initiate control for each outputHOBtROWS

and the Emergency activation. The emergency activation required the use of a dedicated button
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activation and dedicated communication through a GSM module. The communication to other
subsystems was implemented using Bluetooth and radio technologpe fleoWS and ECS

respectively.

The control unit was implemented using the Intel 8051 microcontroller. Its serial interfaces allow
to link with other units of the VAS for controlling and allocating resources where necessary. The
code is written in C using Microcontroller Development Environment and following the flowchart

illustrated for the VAS in Figure 3.24.

The schematic design for the VAS was carried out using the Schematic designer in the Proteus
Software suite. Figure 3.37 shows voice activatdsygstem and electrical control subsystem

extensive design.
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Figure 3.37: The schematic design of the VAS and ECS
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This diagram represents the schematic modules of voice activated subsystem and electri
control subsystem. The unused pins of the micraotlat here, will be utilized during the

integration of new appliances in the home.

3.2.6.2.(b) Robotic Wheelchair subsystem

According to the hardware design section, the ROWS has the power supply unit, the receiver uni
control unit, and the actuaf] unit. This subsystem was implemented as a mini robotic car
controllable through the voice input from the VAS. The power supply unit was implemented usin
similar approach as the VAS, however, the voltage outputs Wekd BV for the receiver and

contol units and the actuating unit respectively. The receiver unit was implemented using a
Bluetooth link via the HED5 Bluetooth module. The control unit was also implemented using the
8051 microcontrollers with its program written according to the flowahdftgure 3.26. The
actuating unit required using two L293D motor driver and four DC motors to drive the wheels. Ee¢
motor driver drives a pair of DC motors. The motor drivers were driven by the commands from tf

VAS having been translated by the 805Tmcontrollers.

The schematic design for the RoOWS was carried in the Proteus Software suite. Figure 3.38 shov

this design extensively.
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Figure 3.38: The schematic design of the RoOWS

3.2.6.2.(c) Electrical Control Subsystem

151



The ECS comprises the powepsgly unit, the communication unit, the control unit, the switching
unit, and the endpoints. The prototype for the subsystem was implemented according to the
hardware and software design for its units with a model for a door and window used as DC

endpointsand AC light bulbs used as AC endpoints.

The power supply unit for the ECS is the most complicated of the entire system. It is responsible
supplying AC and DC power output to other units of the ECS. AC power was linked directly to A
endpoints througkhe switching unit, and DC power was obtained having been converted through

the regulated power supply circuit.

The control unit was implemented using the 8051 microcontrollers with its program written
according to the flowchart in Figure 3.28. Tih&rocontroller interfaces with the switching unit,
sending commands that actuate an endpoint. It verifies the received commands from the

communication unit and sends to the switching unit.

The communication and switching unit served as the input andithetf the control unitthe

8051 MCU. To cover a wide range, the communication unit was implemented using Radio
Frequency (RF) Module. This allowed the ECS to be placed at any location within the range of tl
RF module. The switching unit comprisesaye and drivers for controlling the switching of the

appliances and the opening and closing of the doors and windows through connected motors.

The endpoints comprise DC and AC endpoints. To emulate a house, a prototype for the door an
window were constried. These are opening and closing mechanical system driven by DC motor
emulate the opening and closing of a door and a window. Two DC motors were used for each of
outputs and were driven by commands from the 8051 MCU through motor drivers. Auigs

were used as AC endpoints for the system. They are connected and controlled by the switching

through relays.

152



The schematic design for the ECS was carried out using the Schematic designer in the Proteus

Software suite. Figure 3.39 shows thisiga extensively.

LIGHT A s LIGHT C
FANA

Figure 3.39: The schematic design of the ECS
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3.2.6.3 Computer Simulation of the smart home system

The computer simulation of the smart home system is shown in this section. It was carried out w
software tools on a Laptop computehelsimulation saw an implementation of the hardware and
software design carried out in the previous section. The VAS comprises the inbuilt microphone c
the computer (or a headset microphone for better reception), a computer program for processing
voice input that is linked to an Electronic Design Automation (EDA) software where the ECS and

the ROWS are designed for simulation.

3.2.6.4 Simulation of the smart home system

For the transmission section, otherwise known as the VAS, Proteus 8 Profesdtorsabsoas used

to build the voice processing and recognition, with the incorporation of C#, which is a programmi
language written in the Microsoft visual studio Integrated Development Environment (IDE)) codir
After recognition, the corresponding caritcharacters are sent through the RF transceivers to the
control unit in Proteus. The microcontroller in the control unit will select and communicate throug
the Bluetooth transceiver to the required device according to the input voice command. Albb, a C
module for emergency services is associated with the control unit. Figure 3.29 shows the simula

on Proteus

When commands are given through voice inputs to the microphone, the C# program listens for
command reception. On reception, it validates thmrnand and notifies the user on its interface,
and then sends the command via a serial UART port to the contrelth@iArduino MCU in the
Proteus simulation softwaravhich carries out an action based on the given command as shown i

Figure 3.40.
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3.2.7 System Operational Testing

The smart home technologies system was satagour 2bedroom flats of oné story building, at
Ugwulangwu in Ohaozara, Ebonyi State, Nigeria. Theftrgb floor flats with 2bedroom

apartments with two environments were used, one is a dead home apartment, and the other is &
home apartment. The dead home apartment here is defined as a home apartment with heavy c
curtains, carpet, an asondtioner, and the usual appliances of a living home. while a live home
apartment is the same as the dead home apartment but with television on, people talking with
background music coming from a stereo, and the curtains are open so external noise outside ca
somehow affect the testing. The tests carriedvaue to ascertain the level of systems operational
effectiveness were carried out. The system setup is shown in screenshot of Figure 3.41, and the

training and testing phase screenshot is shown in F&jdge
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Figure 3.41: C# Software for the VAS for taking voice input
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Figure 3.42: Screenshot for Training phase

There are two ways of testing, namely: real time and offline, but in this system, voice signal is te

in real time, in which the speesignal is recorded from microphone when C# record button is

connected, after the settings of Comm Port and Baud Rate of COM100 and 9600 respectively w
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done as shown in Figure 3. 42. In the ComPort Setup, the virtual Port Pair of COM100 and CON

with errulate baud rate selected as shown in Figure 3.43 is setup.
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This section discussed the various experimental tests conducted during the course of achieving
objective of this research. The experimental testmenced immediately after the voice commands
of the aged beneficiaries were encoded into the system through the processes known as Systen

Training. The tests that were carried out after the system training were to:
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a) Test to determine the distance of thwce input device effectiveness from the user that is th
input device (Microphone) sensitivity test;

b) Test to find the level of response and accuracy of this designed smart home system;

C) Test to determine the performance evaluation of the system by ciaigutet average response
time of the system; and

d) Test to evaluate the system performance by calculating the error percentage of the syste
determine whether the command transmitted is the command executed, within the elapsed s
response time.

The first test was executed on four aged persons (aged 60 years and above), 2 males and 2 fem

with different voice pitches and two of these aged persons (a male and a female) are smart

wheelchair users. Furthermore, the test was carried out in a flatvoflzetiroom apartment. Here,

two home environment areas were used for the test: a dead home and a live home. A dead hom

is a home environment with heavy curtains closed, smoothly-ter@d an assisted motorized

wheelchair, an aiconditioner, andhte usual electronic gadgets (light bulbs, fans, fridges, doors an

windows) of a home. A live home, on the other hand, has just the same content as the dead rool

with a television on, people talking with background music coming from a stereo. Curéaiens

open and external noise outside the home were experienced during the test period.

3.2.7.1 Voice Input Device (Microphone) Distance Sensitivity Test
The purpose of this test is to determine the effective distance in which the response of the syste
microphone module is most effective. The test requirements and procedures followed in conduct

this test are as follows:

1 Four aged persons of 60 years and above were selected (two males and two females)
different voice pitches and two of them (a nard a woman) are smart wheelchair user, tc

execute the test, each tester had four trials respectively.
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| The first experiment was done in a dead home, but the second experiment was done in
home which is more preferable because, this design is imtdadkve home.

| Set up the device and necessary equipment needed in testing the design.

1 A meter tape was used to measure the distances between each interval.

| The distances used were480.5,1,1.5,2.0,2.5,3.0,3.5,4.0,4.5, and5.0) meters

1 The first testewas placed at the farthest point from the system microphone sensor.
1 The tester uttered trigger command wéréMART four times, representing four trials.
1 For every system (VoiceGP) response, letter P was recorded on the table for the V

Command Detected

1 For the system non response, letter X was recorded on the table for Voice Command
Detected.

1 The same tester was positioned on each of the required distances and steps 5 to 7 were re
respectively.

1 The Ps were recorded on the table for eachmistéghat the voice commands were detectec

and Xs were recorded for each distance that the voice commands were Not Detected, f
trials from all testers.

i The analysis based on the results was done and the distance in which the module is
responsivavas used for thd Speech Recognition Test.

NOTE: When two distances were of the same total number of voice detected, the one of the lon;

distance was used.

The keys used are as follows:

P - Voice Command Detected; XVoice Command Not Detected; TTrial 1; T2- Trial 2; T3-

Trial 3; T4- Trial 4
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3.2.7.2 Voice Command Recognition Test
The objective of this test is to check whether the VoiceGP module will respond correctly accordit
to the voice command spoken by the user. This test was used in bddathand live room so as to

compare their results. The Table 3.6 shows the set of commands acceptable by the system.

The steps in conducting the test are as follows:
a) Four aged persons of 60 years and above were selected (two males and two females)
different voice pitches and two of them (a man and a woman) are smart wheelchair use

execute the test, each tester had four trials respectively.

b) The first experiment was down in a dead home, but the second experiment was down in ¢

home which is rare preferable because, this design is intended for live home.

C) Using Microphone Distance Sensitivity Test result, the distance wherein the microphon
most sensitive for the module to response was selected would be used, in this casad¢hber1.5

rangeused.

d) The tester was positioned 1.5 meter from the device.

e) The first tester utters each command five times representing the five trials, the system co

or incorrect response were recorded.
f) The rest of the testers were then tested respectively, arsdséeql5 were repeated.

s)] The results of tests were tabulated, and the percent error of each trial was computed, usir

formula(Rommer et al, 2001

P
% Error = abs (T) - 100% (3.4)

Where, P is the accepted value, in this case it is nine (9) since there are 9 comrbands to

considered; V is the experimental value which is the result from the test conducted. It is the num
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of commands where the system responded correctly (Rommer et al, 2011). There should be a 2

error, all in all.

8.

10.

11.

12.

13.

After getting the percent error of each trial from each tester, next is to compute for their ave

per tester using the formul®korafor Godfrey Nwaji, et al 2018)

Ty +To+ Ty + Ty
4 (3.5)

whereTy, Tz, T3, and Tare percent errors obtained from the previous step.

Four average percent error must be obtained, then compute for the effectiveness of the s\

for that environment using the formyl@korafor Godfrey Nwaji, et al 2018)

100 — (Avel + Aves 1— Aves + Av&;)

Tally all the results in a table.

(3.6)

Repeat steps 4 to 10, but this time ause a live room.

When results have been gathered from both dead and live room, analysis and comparison

carried out.

Make conclusions based on the results obtained from the tests conducted.

KEYS for Tables 3 and 4: PThe system respondedrrectly; X- The system responded incorrectly

T1-Trial 1; T2-Trial 2; T3-Trial 3; T4-Trial 4; T5-Trial 5

3.2.7.3 Test Summary

The various tests are summarized in Table 3.8.

162



Table 3.8: Test Summary

TESTING METHODS TESTING FACTORS DEVICE RESPONSE
AMPLITUDE OF VOICE |Normal conversation 60dB | Device responds 3 out of 4 times
Whisper 35dB Device responds 1 out of 4 times
NUMBER OF WORDS |Minimum 3 words Device responds accurately 3 out of 3 times
Maximum 4 words Device responds accuratelygt of 4 times
DISTANCE FROM Lesser distance 0.25m Accurate response 4 out of 4 times
MICROPHONE
Greater Distance 5m Accurate response 2 out of 4 times
ENVIRONMENTS Quite Accurate response 3 out of 4 times
Noise Accurate response 1 out of 4 times
MULTIPLE SPEAKERS | Multiple speakers Device responds accurately 2 out of 4 times
Individual speaker Device responds accurately 3 out of 4 times
ROOM SIZE Dead Rooms Accurate response 3 out of 4 times
Live Rooms Accurate response 2 out of 4 times
3.2.8 The System Evaluation
3.28.1 The System Performance Evaluation

This is done to determine the performance evaluation of the system by calculating the average
response time of the system. The essence of this test is to calculate the response tisystehihe
which is the time elapsed once the control signal has been activated and the corresponding ope

has been executed.
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This text records the time difference between the control signal being sent and the correspondin
operation being executed. #aords the response time for 4 sets of all 5 commands (20 command:
sent to the smart wheelchair and calculates the average response time of the system. The respc
time remains the same for all applications since it is the system that delays thearahtrot the

application. The smart wheelchair application is being used to calculate the response time since

visually possible to record the response time of commands forward, backward, left, right or halt.

Steps Carried Out: The following are the sps of execution to calculate the average response time

of the system:

a) Setup the system for the smart wheelchair Navigation program and keep a millisec
stopwatch unit beside.

b)  Activate any command by moving the joystick and start the stopwatakitaneously.

C) Stop the stopwatch once the command takes action.

d) Repeat Step-3 for 16 different commands.

e) Tabulate the individual response time and plot the results to calculate the average respons:
of the system.

The commands sent in this experithare as shown below:

Forward- F Backward B Right- R Left- L Stop- H

3.2.8.2 Evaluate the System Performance by Calculating the Error Percentage of the

System

This is to evaluate the system performance by calculating the error percentage okthne ldgse,
determines whether the command transmitted is the command executed, within the elapsed sys

response time.
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The test transmits 25 commands consecutively which are recorded as the transmitted command
after the response time elapses, the camihsent is cross checked with the command executed. If
they are the same then no error is registered and if the command executed is not same as the s
command, then the system registers an error. Thus, the error for 25 commands is recorded in or

determine the average system error percentage.

The following are the sequential steps carried out to calculate the average error percentage of tf

system:

a. Setup the system for the smart wheelchair Navigation program and keep a millisec
stopwatch unit bege.

b. Activate any command by moving the joystick and start the stopwatch simultaneously.

C. Note the command executed after the system response time has elapsed.

d. Reset the stopwatch and repeat Stepf@ 25 different commands.

e. Tabulate the individual err@nd plot the results to calculate the error percentage of the syste
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3.2.9 Material Cost
The detailed units and total material costs of the smart home system for the disabled aged persc
are given in Table 3.9.

Table 3.9: Detailed cost of material

Materials Quan.tities Unijt pricg C}ost .
(Units) 000 (inNaira) | 000 (in Naira)

VoiceGP DKT2SI 1 3.4 3.4

Proteus 8 Professional 1 4.5 4.5

MATLAB 1 4.5 4.5

MYSQL 1 1.2 1.2

Microsoft Visual Studio 2010 1 1.2 1.2

C# Program 1 1.2 1.2

.Net Framework 4.0 1 1.1 1.1
TOTAL 17.1
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Chapter 4

RESULTS AND DI SCUSSI ONS

This chapter presents the results of various experimental tests conducted during the course of
achieving the objective of this research and the discussions are based on the interpretations of t

results obtained from the tests.

4.1 Test Results Presentations
The followings are the results obtained from various experimental tests carried the out in the cot

of implementing the objectives of this work:

1. Microphone Sensitivity Result The outcome of the process of determining dfiective

distance of voice input device (Microphone) from the user.

2. The System Level of Response and Accuracy Reésthie result obtained from the process of

evaluate the designed smart home system level of response and accuracy.

3. The System Performancevéluation Resulti this is the results gotten by calculating the

average response time of the system, and the system error percentage.

4.1.1 Voice input device (Microphone) Distance Sensitivity Test Results
The results obtained from voice input deviogcrophone) distance sensitivity tests are shown in

Table 4.1 for a live home environment, and Table 4.2 for a dead home environment respectively
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Table 4.1:Voice input device (Microphone) Distance Sensitivity TedResults in a Live Home

Environment.
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Table 4.2:Voice input device (Microphone) Distance Sensitivity TedResults in a Dead Home

Environment.
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4.1.2 The System Level of Response and Accuracy Result

The tables below are the respective resquitsraying the level of system responsiveness and
accuracy to the users spoken voice command. This result was obtained from both the dead hom
(Table 4.3) and live home (Table 4.4) and the overall effectiveness results is shown in Table 4.5

the resulcomparison is shown in Figure 4.1.

Table 4.3: The System Voice Recognition Commands Response in a Dead Home
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TABLE 4.4:  The System response in a Live home
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