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Abstract
While a lot of efforts have been on outdoor intelligent systems, internal living

environment system that suits the occupancy’s behaviour has not received much
attention. The intelligent living environment designed in this study has three
components; the physical world (environment), the database and the decision maker.
The study sought to design a model that senses ever changing home conditions such
as lights, doors and windows. Other variables that were looked at include, but not
limited to the number of people in the room and inside thermodynamics and human
activity. Global information such as temperature, gas or electricity usage and time of
the day will also be received by the system through various sensing facilities. The
information will be sent to a rules engine for a decision on an appropriate action to be
taken. The action may include just turning off the lights, in the case of a mild
abnormality or a high alert to an emergency response unit in a most severe case. The
study proposes a context aware and proactive neural networks control system to
control a living environment with a main focus on the aged citizens living alone. The
proposed living environment was not developed to an actual or “mock” building
containing a representation of subset of sensors, actuators and controllers as used in
the actual systems due to lack of funding. However, the study will report on the
modelling and simulation of the home system variables based on the chosen Artificial
Intelligent technique using MATLAB/SIMULINK. These results indicate a possibility of

implementing the designed living environment to increase the resident’s security.
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CHAPTER ONE

INTRODUCTION

1.1 Introduction

A significant number of residents in South Africa are rapidly ageing. According to the
Actuary Society of South Africa (ASSA) 2002 AIDS and Demographic Model, it is
anticipated that by 2025, older South Africans (60 years or older), will rise to 10.5%
[38]], the challenges of ageing confront this category of citizens, with little support
being received from the younger citizens. Assistive technologies, Artificial Intelligence
(Al), in particular, will have to complement the human care giving that the older citizens
will get [32].

The assistive technologies need to guarantee a high degree of security and autonomy
of the intelligent living environment. Safety and security can therefore, be enhanced

through the monitoring of the residents’ activities.

On the other hand, South Africa’s energy consumption in relation to the Gross
Domestic Product (GDP) is very high when compared to developed countries such as
USA and UK. Eskom continues to ask residential and commercial users to save
energy. The residential sector provides a great potential to save energy by
incorporating artificial intelligence. Currently, the Minister of Minerals and energy hope
to have energy efficiency improvement of 12% by 2014. Intelligent lighting systems
contribute to the saving of energy. Energy efficiency is therefore, one of the incentives

to have an intelligent home system.

1.2 Research questions

This research falls within the smart living environment studies. Particular attention will

be given to smart assistive homes for the elderly and disabled citizens.

The main research question is:

“Can a home environment be made smart using an autonomous intelligent system?
The study sought to answer the question posed below:

1.2.1 Which devices should be controlled by the system?

1



1.2.2 Which sensors would be most appropriate to measure variables

parameters for a typical smart home?
1.2.3 How can the sensor data be synthesised for decision making?
The researcher hoped to answer the questions above by:

0] Designing a model of a living environment that studies and adapt to the
house’s general energy consumption patterns of the occupant(s). The
model should allow the user to override the decisions made by the Al
technique(s). However, the system should be able to work as autonomous

as possible.

(i) Modelling the dynamic behaviour of a smart home environment using one
or more of the Al techniques, that is, ANN, Fuzzy logic, Adaptive Network
based Fuzzy Inference System, Data Mining and Genetic Algorithm.

1.3 Scope of the Study

The researcher would have wanted to look at all the areas of Al around a home
environment, but for the purpose of this study, the researcher will give a general
attention to smart living environment, with particular focus on the elderly and disabled

citizens. The system will also incorporate an energy saving lighting system.

1.4 Limitations

Each individual case is different from the other users’, hence, it is anticipated that it
will not be easy to come up with a one size fit all approach to Artificial Intelligence
assistive technologies. Some of the technology that may be used in Artificial
Intelligence assistive technologies, such as video, audio or speech may not work well

with the elderly, who have disabilities in the areas mentioned above [26].

The researcher will not have a substantial amount of financial resources to do all the
tests and experiments he may wish to carry out. Barriers to the promotion of intelligent
assistive technologies include the lack of financial resources to carry out new and
‘uncontested’ technologies [22]. Not many people are using intelligent assistive

technologies in South Africa.



Movement assistive equipment such as wheel chairs exoskeletons are also not include

in the scope of this research.

The study will be limited to an intelligent living environment for an older citizen, who

lives alone as he/she does not have any kids around.

1.5 Contribution

The system proposed by the researcher will greatly improve the security and reduce
the unnecessary wastage of energy in a living environment. It will also help the
disabled and senior citizens who have limitations as far as mobility is concerned in as
far as increasing the safety and security levels. The system should be able to add
value to their life style. Most smart homes use systems that are sensor-based. These
systems have one weakness that they cannot adapt the ever-changing human
behaviour. This limits the extent to which they can save energy. This study hopes to
use the Al techniques in designing a system that will adapt and be aware of the
environment and take an appropriate action. The switching of the corresponding
devices will therefore take place accordingly.

1.6 Research Approach

This study falls under the Design Science (DS) research. Design Science process

includes six steps namely [31]:
e Problem identification and motivation;
e Definition of the objectives for a solution;
e Design and development;
e Demonstration;
e Evaluation; and
e Communication.

The design science research methodology (DSRM) for this research will therefore be

consistent with the above six principles, practices and procedures expected in carrying



out a design science (DS) research. The results of this research will not however lead

to a completed artefact but, a blueprint for its development.

This research is carried out on the background that South Africa’s energy consumption
when compared to its Gross Domestic Product (GDP) is very high, compared to
developed countries. It should also be notes here, that South Africa’s old age category
(60 years or older) continues to rise each year. The overall objective of this research
is therefore, to design an intelligent living environment that is very secure and adapts
to ever-changing circumstances of the occupancy, and make decisions as
autonomously as possible. The researcher hopes, to design a more efficient
architecture of an intelligent living environment system that saves energy, safer and
comfortable. Virtual data will be generated randomly using IBM SPSS Statistics
application. Thereafter, modelling of the dynamic behaviour of a smart living
environment using Artificial Neural Network will be done. This will be followed by
finding an algorithm that adapts the designed model to changing home environment.
The dynamic behaviour of an intelligent living system will be represented by a
collection of mathematical equations. The model should be able to accept external
information and process it to produce one output. The designed model will be solved
by simulation on a computer with MATLA/Simulink programming environment. As part
of the Evaluation stage of the DSRM, three stages of simulation will be followed, that
is, Initialisation, Iteration and Termination. Lastly, simulation results will then be

analysed, conclusions drawn and communicated the publication of the dissertation.

1.7 Thesis organisation

In order to answer the research questions of the study, the thesis has been structured

as depicted in Figure 1 and explained as follows:

Abstract

The abstract gives answers to the following questions:

What was done in the research (objectives of the research);
How the research was done (method of investigation);

Why this research was done (motivation of the research); and

What the outcomes were (results and conclusion).

4



Abstract

\ 4
Chapter 1

Introduction

X

Chapter 2
Literature Review

Environment

Intelligent Human living Intelligent

Algorithms

Devices to be controlled
by the system

Figure 1 shows the layout of the dissertation. Three main areas were investigated in

Chapter 2. These areas are the Intelligent Human Living Environment, Intelligent

¥
Chapter 3

Proposed Home System
Design Structure

Chapter 4
Modelling and Simulation of
the Intelligent Home System

¥

Chapter 5
Conclusions and Recommendations
for Future Works

Figure 1 Dissertation layout

Algorithms and Devices controlled by the system.

Chapter 1: Introduction

In this chapter, the introduction, statement of the problem, research questions,

contribution, approach and the thesis organisation have been outlined.




Chapter 2: Literature Review

This chapter gives an overview of a typical intelligent living environment and its related

equipment.
Chapter 3: Proposed Intelligent Home System Design Structure
A proposed intelligent home design structure is outlined in this chapter.

Chapter 4: Modelling and simulation of the Intelligent Home System variables

based on the chosen Al technique using MATLAB/Simulink

This chapter gives an overview of the neural model, architecture, and transfer
functions and modelling of an intelligent smart home. Variable input parameters are
used in the implementation of the training function of the Neural Network Fitting Tool
GUI to model an intelligent smart home. The simulation plots, testing of the designed
intelligent home environment Neural Network model output will be carried out to verify

performance of the predicted output.
Chapter 5: Conclusions and Recommendations for Future Works

This chapter comes up with conclusions of the thesis and the future works that could
be carried out in the field of neural networks and with regards to an intelligent home
environment. Recommendations are also proposed for future research in the

intelligent home environment designs.



2 CHAPTER TWO

LITERATURE REVIEW

2.1 Introduction

This chapter reviews the related literature on intelligent living environment. Intelligent
home systems’ equipment and functions used and intelligent sensors will also be
discussed in this chapter. Artificial intelligence will also be discussed, with an
emphasis on Neural Networks and the corresponding transfer functions which scale

the output of the neural network into suitable ranges.

2.2 Intelligent home

An intelligent home, which is commonly referred to as a smart home has attracted

many definitions from various authors. A smart home is defined as:

....... A residence equipped with a wide scope of computing and information
technology which anticipates and responds to the needs of the occupants,
working to promote their comfort, convenience, security and entertainment
in many ways through the management of technology within the home and

connections to the world beyond [20].

Three main components of an intelligent home can be deduced from the definition
above namely, environment, database and decision maker. The environment is the
home that is equipped with various types of technologies such as sensors, which are
responsible for gathering data on the usage and activities in this area. The database
stores the gathered and arranged data of the intelligent system such as collection of
various rules. The decision maker handles the gathered data. It is responsible for the
system’s reaction and it also interacts with the environment in order to fulfil the needs
of the user. The representation of the main components of an intelligent home are

shown in Figure 2.



Environment

e Movement

e Thermostate

e Smoke detector

e Pressure pad

¢ On/off switch sensor
* Phone

t Interaction with
the environment

Intelligent home system

Database Decision maker

Figure 2 Representation of main components of an intelligent home

2.3 Abnormal Pattern Detection Alarm Systems

2.3.1 Alarm categories

Pattern detection alarm systems are classified into a four-tier system. The first tier
alarm system is called Mild Abnormality. Mild abnormality occurs when there is a slight
change in the normal behaviour pattern such as an omission to take a shower. In this
instance, human intervention is optional. The second tier alarm system which is more
serious than the mild abnormality is the Caution. For an example, the stove is left on
for a longer than usual time. This requires a human intervention. The third tier which
is more serious than the Caution tier is the High Alert. Here many parameters from
different sensors indicate that the occupant is in some danger which requires
activating a high alert. The last and more sever, is called Emergency. This could be a
very hard fall of an occupant presence of fire and requires an emergency response
[15].



2.3.2 Alarm priority

Alarms can also be classified according to how quickly the problem needs to be solved.
Alarm priorities are classified [10] as shown in Figure 3. A very urgent alarm can have
a higher priority than a non-urgent alarm with a higher importance. It also means that

a very important alarm has a higher priority than an unimportant but urgent alarm.

Priority
Door-bell ring / 4
X » X Fire Alarm

s

' 4
Ve

/
X Garage light turned off , 7

due to timecut X Window openad
7 while A/C running

'd
v

b Washing;r@chine X Window open
shed {nobody present)

X Swimming pool filter needs cleaning

o
Importance
Figure 3  Alarm priority [10]

2.4 Intelligent home system sensors

The main purpose of sensors is to provide interface between the physical world and
the digital world. Sensors are the eyes and ears of the home network [21]. A variety of
sensors are used to effectively manage an intelligent system. Sensors are needed to
detect temperature and light level, movement of occupancy, gas or smoke detection.
Some of the less commonly used sensors are the status sensors, which give

information on the status of household appliances such as windows.

An intelligent home also relies on sensors to effect changes, for example, if it gets too
cold, the thermostat will activate the heater and likewise, if it gets too hot, it will activate

the fan.



Sensors that were incorporated into the research done by Technology Assisted
Friendly Environment for the Third Age (TAFETA) for a prototype apartment at the
Elisabeth Bruyere Health Centre of the SCO Health Services in Canada included the
Magnetic switches, thermistors, Accelerometers, Radio Frequency Identification
(RFID), Infrared Motion Sensors, Microphone Arrays, Smart grab Bars, Pressure

sensitive Mats and Electronics Noses.

Examples of individual sensors that may be used in an intelligent home system are
described in detail in the following sections.

2.4.1 Location sensors

There are two main types of location sensors namely, Outdoors and Indoors location

sensors as describesin 2.4.1.1 and 2.4.1.2.

2.4.1.1 Outdoors location sensors

Global Positioning System (GPS) is often used for fine-grained sensing, but coarse
location information available from cellular network infrastructure such as the Global

System for mobile communication (GSM) is also used [37].

2.4.1.2 Indoors location sensors

Indoors location sensors are typically embedded in the home environment [37].
Examples of indoor location technologies include infrared, ultrasonic, RFID and floor

sensor/pressure sensor.

2.4.2 Passive Infra-Red (PIR) sensors (Motion sensors)

Passive Infra-Red (PIR) sensors are used to detect movements made by the
residents. The sensors register the infrared emissions from the objects such as human
and vehicles. If there are a network of PIR sensors in the environment, it can be
possible to learn the movement patterns of the residents [30]. They are considered
very efficient when mounted on stationary devices, as compared to mobile devices,

because the movement of the device itself is detected as well. However, when
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selecting these sensors, one must be aware of the fact that the passive IR sensors
have a directed input, usually any angle between 30° and 180° [37]. Figure 4 illustrates

the principle of operation of a PIR sensor.

PINS 1-2 on a hohizontal plane

\
Fresnel Leus

Detecting Area

Heat Source .\l{n\ ement Output Signal
~E} D o »\[\ a

Figure 4 Principle of operation of a PIR sensor

2.4.3 Ultrasonic sensors/Transducers

Ultrasonic sensors use the ultrasonic technology. Ultrasonic systems emit short, high-
frequency sound pulses at regular intervals. These pulses move in the air at the
velocity of sound. If they strike an object, then they are reflected back as echo signals
to the sensor, which itself calculates the distance to the target based on the time-span
between emitting the signal and receiving the echo [28].

2.4.4 Radio-Frequency ldentification (RFID) sensors

RFID allows both sensing of the object’s proximity and identification [30]. RFID
technology uses communication through radio waves to exchange data between a
reader and an electronic tag. Tags respond with a unique identifier as well as
information stored in the memory when interrogated by an RFID reader [9]. The two
main components of the RFID system (RFID reader and RFID tag) are shown in Figure
5.
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Figure 5 The main components of RFID system [13]

There are two types of RFID tags namely, Passive tags and Active tags. Passive tags
do not need any power source and are attached to an object to detect the use-object
interaction, while active tags have batteries and can provide greater range. Figure 6
shows the two types of RFID tags.

Figure 6APassive RFID tag Figure 6B Active RFID tag

Figure 6 Types of RFID tags [6]

RFID UHF bands with frequencies varying between 860 MHz and 960 MHz (EPC
global standard) are used. The most significant RFID system performance
characteristics is the tag range — the maximum distance at which RFID reader can

either read or write information to the tag [29].

RFID technology’s strength lies in the ability of RFID tags to be placed out of sight and
track multiple objects. However, the technology has a limited reliability and stability
when reading through liquids or metals [9].
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2.4.5 Falls detection sensors

Hall effect-based position sensors are the most commonly used sensors to detect the
position of a resident(s) in [3] simple sensors, single or dual-element sensors such as
PIR sensors have been found to provide fairly crude data that is complicated to
interrupt. Devices that can be worn by the residents have a weakness of relying on the

resident’s ability to wear the sensor.

A network of cameras may complement wearable accelerometers in detecting falls.
Cameras are triggered when there is a detection of a fall based on the signals from
the accelerometer. However, Cameras appear to be intrusive and also require a great
deal of monitoring. Interpretation of camera images is also complicated [9]. However,
Infrared Integrated Systems (IRISYS) thermal-imaging sensors significantly help to
overcome these limitations. This sensor is not worn by the resident, but mounted on
the wall [37].

2.4.6 Bed sensors

Bed sensors may be used to provide information such as bed times and sleep patterns,

especially keeping track of sleepless nights [17].

2.4.7 Fire detection sensors

Fire detection in the early phase is the primary function of fire detectors. However,
while sensitive fire detectors reduce the response time to alarm, this has been found
to be at the cost of creating false alarms. Sources of CO such as cigarette smoke,
diesel engines and disco-fog particles have been found to cause false alarms and

nuisance alarms [15]. Figure 7 shows an example of a ceiling-mounted fire detector.
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Figure 7 Fire detector [4]

2.4.8 Gas leakage sensors

Gas leakage sensors are used to detect any gas leakage in a home. However, most
of these sensors need to be heated often around 1W for about a minute before a

reading can be taken [37].

2.4.9 Stove sensors

The stove sensors monitor stove usage and may alert the owner, if say, the stove is
left on [17].

2.4.10 Video cameras

Video cameras may provide rich sources of information for human observation and
also for computer interpretation. However, video cameras pose some challenges as

far as storage requirements, information extraction and privacy are concerned [9].

Figure 8 shows examples of a Closed-Circuit Television (CCTV) cameras that may be

used in intelligent homes.
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Figure 8 CCTV cameras examples [36]

2.4.11 Motion sensors

Mercury switches, angular sensors and accelerometers are used to provide

information on motion, inclination and acceleration of a device [37].

2.4.12 Temperature sensors

Temperature sensors are normally made of inexpensive semi-conductor-baes
thermistors [3]. Most of temperature sensors are also easy to use and can provide
information on the resident’s house and body temperatures. An example of a

temperature sensor used to detect ambient air temperature is shown in Figure 9.

input voltage: Ground
2.7~8.57

analog voltage out
e

Figure 9 Temperature sensor [36]
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2.4.13 Light-level sensors

Light sensors ensure that the correct amount of light, when and where you want light.
Lights can be turned off when not required or dimming them to save energy and costs.
Single optical sensors such as photodiode, Infrared (IR) and Ultra-Violet (UV) sensors
can provide information on the light intensity, density, reflection and the type of light
[37]. When natural light fades away, the house lights can be set to automatically come
back again. Lights could be by default dimmed, but when sensors detect that someone
has entered, the lights that correspond to the location in which the person is detected

can have their intensity brightened, so as to provide sufficient illumination [9].

2.4.14 Humidity sensors

Humidity sensors use a variety of transduction principles, such as the change of

capacitance of a polymer film relative to humidity [3].

2.4.15 Front door sensors

Front doors for intelligent homes may incorporate an RFID tag for keyless entrance to
residents and other authorised personnel. In addition, the occupants may
communicate with and admit visitors using a camera, microphone, automatic door

opener, electric latch and speakers [17].

2.4.16 Window sensors

Automated blinds can be incorporated to the windows. The blinds can be pre-set or

adjusted to control lights and also provide privacy [17].

2.4.17 Swimming pool sensors (Floating/wave sensors)

The floating/wave sensors fall sensing alarm system triggers a powerful siren at the
poolside and the house if it senses that an object weighing more than a given threshold

accidentally falls into the pool. A typical pool alarm is shown in Figure 10.
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Figure 10 Pool alarm [23]

2.4.18 Torque sensors

Torque sensors are used in the case where torque has to be measured on rotating

components such as motors [3].

2.4.19 Bio sensors

Bio sensors use a biological component such as skin resistance and blood pressure
with a physicochemical detector. With further processing, an awareness of the
emotional state of the resident may be obtained [37]. A bio sensor such as the one

shown in Figure 11 can be used to stop snoring whilst the resident is asleep.

Figure 11 Anti-snoring bio sensor watch [26]
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2.5 The Controller

A controller is the computer system which acts as the brain behind the living
environment’s automation system [7]. The controller collects information through
various sensors and receives commands through remote controlled devices. The
controller acts based on commands or a set of pre-set rules using actuators. For a
living environment, a typical controller is an always-on standalone or embedded
Linux/Windows/OS-XPC. Higher end residential and industrial buildings normally use
dedicated high availability, redundant controller systems with uninterrupted power
supplies (UPS).

2.6 Intelligent home system actuators

Actuators are the hands of the intelligent home [7]. They provide the means of how
the intelligent home system can do things in the physical world. An actuator changes
the state of the physical world. Appliance actuators can be classified as power
relays/triacs, limited mechanical motion devices such as solenoids for door latches
and complex motion devices such as motors [3]. Figure 12 shows circuits for six types
of a Solid State Relay (SSR). A solid-state relay is an ON-OFF control device in which

the load current is conducted by one or more semiconductors [42].

Figure 12A Hybrid SSR

SBATRE ———
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Figure 12B Transformer-Coupled SSR
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Figure 12F SSR using SCR switch

Figure 12 Solid State Relays (SSR) [42]
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2.7 Control Networks

Control networks provide the required connectivity between the devices under control,
sensors and actuators on one hand and the controller along with remote control
devices on the other hand as illustrated by the researcher in Figure 13. There are three
main options for an intelligent living environment automation control networks namely

powerline communication, Wireless Transmission and Wireline Transmission [7].

Devices under control

—1 Control Networks

S

—

Actuators

Figure 13 Control networks function

2.8 Wireless Sensor Network (WSN)

In order to monitor a large area such as a house, it is necessary to have a network of
sensors to collect data to a central system that fuses the different information coming
from the sensors. Technologies and protocols used to build sensor networks

infrastructures, differ in many aspects [43] as shown in Table 1.
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Table 1 Characteristics of various technologies for Wireless Sensor Networks

(WSN) [43]
ZigBee Wi-Fi uwB
IEEE spec. 802.15.04 802.11 a/b/g/n 802.11.4a
Frequency 868/915 MHz; 2.4 | 2.4 GHz; 5 GHz 3.1-10.6 GHz
GHz
Data Rate Low, 250kbps High, up to 100+ Mbps | Medium, 1 Mbit/s
for 802.11n mandatory and up to 27

Mbps for 802.11.4a

Transmission distance Short, < 30 metres Long, up to 100 metres | Short, < 30 metres

Location accuracy Low, several metres Low, several metres High, < 50cm

Power consumption Low, 20mW — 40mwW High, 500mwW — 1W Low, 30mwW

Multipath performance Poor Poor Good

Interference resilience Low Medium High with Interference

Low/Medium/High resilience with high
complexity receivers, low
with simplest receivers

Interference  to  other | High High Low

systems

Complexity and cost Low High Low-medium-high are
possible

2.9 Artificial intelligence

The word “Intelligent” is derived from Latin words: Inter and legere [42]. The word
“intelligence” is defined as the processes which involve sensing, information gathering
and decision making [42]. Some of the Atrtificial Intelligence techniques include ANN,
Fuzzy Logic (FL), Adaptive Network based Fuzzy Inference System (ANFIS) and Data
Mining (DM).

2.9.1 Artificial Neural Network (ANN)

The researcher’s interest is on the application of Artificial Neural Network (ANN).

Artificial Neural Networks are the preferred artificial intelligence techniques for process
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control, because they can build predictive models of the process from
multidimensional data routinely collected from the sensors [19]. In this study, relevant
literature on intelligent systems, controllers and sensors will be reviewed at in order to
come up with a sound model. Modelled artificial neurons consist of inputs, which are
multiplied by weight. When the signals received surpass a threshold, the artificial
neuron is activated. The Neural Network is adjusted after consideration is given to the
comparison between the output and the desired target. This adjustment is made until
the network’s output has matched the desired target [19]. The basic principle of

operation of ANN illustrated in Figure 14.

Neural Network

— including connections
between neurons

Figure 14 Basic principle of Artificial Neural Network (ANN)

ANN has successfully been applied in the areas of function approximation, pattern
association and pattern recognition, associative memories and generation of new

meaningful patterns [19].

2.9.2 Back-propagation

One of the frequently applied supervised neural network (NN) model is the back-
propagation network. This network also uses the back-propagation learning algorithm
[34]. Back-propagation can be described as the generalisation of the Widrow-Hoff
learning rule to multiple-layer networks and non-linear differentiable transfer functions
[8]. A network can be trained until it can approximate a function by using input vectors

with the corresponding target vectors. Back-propagation method can be described as
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adaptive neural network (NN) [35]. The initialisation of the system is accomplished by
the use of chosen small arbitrary weights. Learning is done through successively
adjusting the weights based on a set of input patterns and the corresponding set of
desired/target output patterns.

The equations that govern Rumelhart’s back-propagation method are as follows [35]:

If an input pattern p is applied to the network, the activation of each input can be

determined using the following logistic activation function:

1
1+exp{2i Wji+¢9j}

0 ’ 2.1

pj —

Where 0pj is the activation of unit j as a result of the application of pattern p, Wji =
the weight from unit ; to unit; and € = the bias for unit ;.

Back-propagation is then invoked to update all of the weights in the network using the

following rule:

AVVji(Tl + 1) = 1. 5}9} + o AVVN (n) 2.2

Where n is the presentation number, n is the learning rate, 5pj is the error signal for

unit jand o is the momentum factor. The error signal 5pj for an output unit j is then

calculated from the difference between the target value and the actual value for that

unit:
Spj = (tpj = 0pj)- Opj- (1 = Op)) 2.3

The error signal 5pj for a hidden unit; is a function of the error signals of those units

in the next higher layer connected to unitjand the weights of those connections:

Spj = 0pj. (1= 0p;). T Sp W 2.4
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2.9.3 Feed-forward Neural Networks (FNN)
Feed-forward neural networks (FNN) allow signals to move in one way only, that is,
from input to output as shown in Figure 15. There are no feedbacks (loops) in the feed-
forward networks. FNN tend to be straight forward networks that associate inputs with

outputs, that is, the output of a layer will not affect the same layer [8].

Figure 15 A simple feed-forward neural network
2.10 Neuron Model

A general neuron model [8], has inputs and the general neuron, with Pr inputs,
weighted with a scalar weight, o, thereby forming the product wp, which is again a

scalar quantity as shown in Figure 16.
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Input Neuron with vector input

2

) ) a= f(Wp+h)
R = number of elements in input vector

Figure 16 A neuron with a Single R-element vector input

The neuron output is determined by the following equation:

A=f(W.p+D) 2.5)

A bias, b, is formed with the weighted inputs thereby forming the net input, n, is the

argument of the transfer function, f, defined as:

n= ol 1pl+ wl2p2+ -+ @1,RpR + b (2.6)

2.11 Transfer functions

A large number of neural networks pass the output of their layers through activation or
transfer functions, which scale the output of the neural network into suitable ranges
[25]. Three types of transfer functions that are commonly used in back-propagation

multi-layer neural networks are the log-sigmoid (logsig.) transfer function, tan-sigmoid
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(tansig.) transfer function and the linear (purelin.) transfer function. For each layer of

the neural network, different activation functions can be used.

2.11.1 Log-sigmoid transfer function (logsig.)

The transfer function is usually implemented in back-propagation networks, partly,
because it is differentiable. It takes the input, which can be any value between plus
and minus infinity, and presses the output into the range 0 to 1 [8]. Figure 17depicts a

log-sigmoid transfer function.

Figure 17 Log-sigmoid transfer function

The sigmoid function can be expressed mathematically as:

fx) =

1
1+e—*

(2.7)

while, the log-sigmoid transfer function can be expressed as follows:
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a = logsig(n) (2.8)

2.11.2 Tan-sigmoid transfer (tansig.)

Multilayer networks can also use the tan-sigmoid function. Figure 18 shows a tan-

sigmoid transfer function.

Figure 18 Tan-sigmoid transfer function

The function can be expressed mathematically as:

e?¥-1
f&) = = (2.9)
while, the transfer function is expressed as:
a = tansig(n) (2.10)

2.11.3 Linear transfer function (purelin.)

A linear neuron uses a linear transfer function [24]. The transfer function determines
the neuron’s output by returning the value passed to it [8]. Figure 19 depicts a linear

transfer function.

27



Figure 19 Linear transfer function

The linear function can be expressed mathematically as:

f(x)=x (2.11)
while, the transfer function as:

a = purelin(n) = purelin(Wp +b) =Wp+b (2.12)

2.12 Fuzzy logic

Fuzzy logic is based on two factors; namely uncertainty and impression. This is
attributed this to the fact that human beings normally make decisions based on
connected observations [40]. Fuzzy logic system go through four stages of teaching,
which are gathering data, fuzzification of data, filtering and updating the rule base.

Figure 20 shows a Fuzzy Logic System.
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Outputs

Figure 20 Fuzzy Logic System (FLS) [24]

2.13 Simulation with Fuzzy Logic Toolbox

Fuzzy Logic Toolbox™ provided functions, applications and a Simulink® block for
analysing, designing, and simulating systems based on fuzzy logic. The toolbox allows
you to model complex system behaviours using simple logic rules and then implement
these rules, in a fuzzy inference system. You can use it as a standalone fuzzy
inference engine. Alternatively, you can use fuzzy inference blocks in Simulink and
simulate the fuzzy systems within a comprehensive model of the entire dynamic
system. Figure 21 depicts the interpretation of the fuzzy inference. The flow proceeds
up from the inputs in the lower left, then across each row, or rule, and then down the
rule outputs to finish in the lower right. This compact flows shows everything at once,
from linguistic variable fuzzification all the way through defuzzification of the aggregate

output. The study applied the Fuzzy Logic to decide the security levels 1 to 10.
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Figure 21 Interpreting the Fuzzy Inference [18]

Fuzzy inference interprets the values in the input vector and, based on user-defined
rules, assigns values to the output vector. Using the editors and viewers in the Fuzzy
Logic Toolbox, you can build the rules set, define the membership function, and

analyse the behaviour of a fuzzy inference system (FIS).
The following editors and viewers are provided:
FIS Editor - Displays general information about a fuzzy inference system;

Membership Function Editor — Allows you to display and edit the membership

functions associated with the input and output variables of the FIS;

Rule Editor — Allows you to view and edit fuzzy rules using one of three formats: full

English —like syntax, concise symbolic notation, or an indexed notation;

Rule Viewer — Allows you to view detailed behaviour of an FIS to help diagnose the

behaviour of specific rules or study the effect of changing input variables; and

Surface Viewer — It generates a 3-D surface from two input variables and the output
of an FIS.

The five components of the Fuzzy Inference System (FIS) are shown in Figure 22.
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Figure 22 Main components of an FIS [18]
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3 CHAPTER THREE

PROPOSED INTELLIGENT HOME SYSTEM DESIGN
STRUCTURE

3.1 Introduction

The proposed intelligent home system design structure will be outlined in this chapter.
Three main components of the system have been identified namely, Physical world,

Interface and Software. Each component will also be described in detalil.

3.2 Intelligent home system architecture

Figure 23 shows an overview of the proposed home system architecture with three
main components namely, Physical world, Interface and Software. The Physical world
is made up of the home environment and the Interface is composed of the controller

circuit. The Software comprises the GUI, Reader, Rules engine and the Sender.

Physical world

Software
|

Interface

L

Interface

& 2 @
> ! ey !
B 300
2 ¥ R Alarms/Sirens
o P | - Fire alarm SMs
- Pool siren
Database

Figure 23 Intelligent home system architecture
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A change in status of a controlled device such as a window opening is communicated
via a controller circuit to a bearer agnostic platform such as Beachcomber. A
controller’s purpose is to act as an interface between the Physical world and virtual
world. The controller will include sensors and actuators. A Beachcomber is one
example of a platform that facilitates easy communication between people and
physical objects [7]. The agnostic platform then forwards the engine. The rules engine
will then make a decision and reply it with a request to switch an appliance on or off.
The owner of the home environment may also track what is happening in the intelligent
home through a phone. The owner may override any decisions made by the rules

engine using an electronic control board.

Each component of the proposed intelligent home system architecture is described in
detail in the following sections.

3.2.1 Home environment

In designing this intelligent home system, the researcher made the following key

assumptions:

The resident is an older citizen, who lives alone as he/she does not have any kids

around; and

The following sensors were used:
e Stove sensor;
e Falls detection sensor;
e Fire detection sensor;
e Light sensor;
¢ Humidity sensor;
e Door sensor;
e Swimming pool sensor;
e Temperature sensor;
e Location sensor; and
e Bed sensor
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The operational parameters for the sensors mentioned are set out in Table 1.

less than 120
degree, within 7
metres

o Delay time:
Adjustable (0.3 -
>5min)

Table 2  Sensors’ operational parameters
Sensor-type Sensor Unite of Range Resolution / Operating | Image
— measured measurement Sensitivity current
variable
Temperature — | Network of LM35 Degrees -40°Cto | e 10mV per °C 60pA .
Ambient sensor Celsius (°C) 150°C « Self-heating
temperature National causes less than
Semiconductor 0.1°C temperature
(1959) rise in still air
Light intensity Network of TAOS | Lux 0 to 255 137mV W/cm?)at | 1.1- .
TSL 250R light 635nm 1.7mA \
sensors p
Pressure — Pressure Pascal (Pa) 0-1KPa e Accuracy — 1mA
Pressure transducer
P +2.5%
within an area | (sensor pad)
Model P-5-22
Bed/Floor Sensor
Pad
Stove Electromagnetic Degrees e -40°C o Self-heating 60mA
temperature stove temperature | Celsius (°C) to 300°C | causes less than
sensor 0.1°C temperature
rise in still air
Humidity OB3E module % 0-100% e <5 sec. to 90% of | Input |
(Relative) RH final value power — \
e Temperature il/gé at12
operation range
-50°C to +50°C
e Accuracy —
+ 2.0% from 0-
100% humidity
Door status TX-1010-01- Open/close Open/clo | e Operating temp. - | 25uA
model se 10°C to 60°C
e Up to 90 metres
indoor
Swimming Model FS400A Open/close Open/clo | e Water flow 500 pA
pool net se resistance max.
position <1.2MPA
Object FIBARO motion Presence Presenc | e Low operating 65mA
Location — sensor FGMS- /Absence of e temp. Limit
Motion 001Vv2.4 an object IAbsence | 5co- 0 6500
detection of an
object e Sensing range:
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e Recommended
installation height
2.4m

Smoke & Fire Ever spring Z- Presence Upto 30 | e908.42 MHz (EU)
detection Wave Smoke & /Absence of metres / 869 MHz
Fire Detector smoke or fire (RU/HSP02-A)

o 10 — 85% relative e!
humidity

e Operating
temperature 0°C -
49°C

A plan view of the proposed intelligent house is shown in Figure 24. One bed sensor
is used to detect whether the resident is on the bed and presumably sleeping. Two fire
detectors are used, one placed between the lounge and dining area and another one
in the bedroom. Intentionally, there is no fire detector in the kitchen and bathroom.
This is to avoid false alarms being raised by fumes in the kitchen and steam from the
bathroom water. However, temperature probes are placed in each room to detect any
falling that may be detected. Conventionally, the humidity sensor is placed in the
lounge/dining room and the bedroom to measure relative humidity. One active IR
detector is mounted on the front door mounting to determine whether the person is
entering or leaving the house. One swimming pool sensor is placed on the swimming
pool net. This will detect whether the swimming pool is covered or not. Security risk is
higher when the swimming pool is not covered and the resident is outside the house.
Light level sensors are placed on all the windows such that when there is enough light
outside, the room lights are switched off, in order to save electricity. Blinds can also
be used to open wider enough to allow more light to get into the house. Location
sensors are placed at convenient corners of each room to detect the presence of the
resident inside that room. IEEE 802.11 RADAR, a Radio Frequency (RF) based

system is used for locating and tracking the resident inside the house.
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Figure 24 Proposed plan view of the intelligent house

The system has to detect the level of security on a scale 0 — 10. The system arrives

at a security level after detecting the following pre-defined home situations as shown

in Table 3.

Table 3  Security levels

Security level description Scale Main category
No danger 0 No danger
Mild abnormality 1

Abnormal 2 Abnormal
High abnormality 3

Mild Caution 4

Caution 5 Caution
High Caution 6

Mild Alert 7

Alert 8 Alert

High Alert 9

Emergency 10 Emergency

3.2.2 Controller circuit

An Arduino Controller Circuit (ACoCi) is used in the design. An Ethernet ‘shield’ allows

communication between ACoCi and the rest of the Living environment system [2].

Custom-developed embedded program may execute on an Arduino Mega, an open
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hardware design. The embedded program is written in a high-level language similar
to the C programming language and cross-compiled for AT mega 2560
microprocessor which is at the core operation principle of ACoCi. HTTP protocol is
used to communicate between ACoCi and the rest of an intelligent living environment.

Figure 25 shows an Arduino controller [2].

LA A A A A A A

I"""
"mn

Figure 25 Arduino controller [2]

The summary of the overview of the Arduino controller as shown in Table 4.
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Table 4

Arduino controller overview summary [2]

Microcontroller ATmega328

Operating voltage 5V

Input voltage 7-12V

(recommended)

Input voltage (limits) 6-20V

Digital 1/0 pins 14 (of which 6 provide PWM output)

Analog input pins 6

DC current per 1/O pin 40mA

DC current for 3.3V pin 50mA

Flash memory 32 KB (ATmega 328) of which 0.5KB used by
bootloader

SRAM 2KB (ATmega 328)

EEPROM 1KB (ATmega 328)

Clock speed 16 MHz

Figure 26 shows pin mapping for the ATmega 328 Arduino controller. One should

avoid impedance on pins 11, 12 and 13 when using the ICSP header.

Arduino function Arduino function
aset (PCINT14RESET) Pee] 26] ] PC5 (ADCS/SCLPCINT13) anakog inpat ¢
(PCINT18/RXD) PDO (] 2rf7] PC4 (ADC4/SDAPCINT 12) analog inp
(PCINT17/TXD) PD1 [} 2471 PC3 (ADCI/PCINT 1) snalog nput 3
in 2 {PCINT 18/NTO) PD2(] 2§ PC2 (ADC2/PCINT10) analog input 2
(PWK)  (PCINT18/0C2ZBANT1) PD3[]s ] PC1 (ADC1/PCINTS) anaiog input 1
(PCINT20/XCK/TO) PD4 []e ] PCO (ADCOPCINTS)

dgdai pan 0 (RX)

adaipn 1 (1 X)

analog input 0

veeQ 1 GND

GND{] 2] AREF
(PCINT&/XTAL 1/TOSC1) PB6 (] [ AVCC Vo
(PCINT7/XTAL2/TOSC2) PB7 ] #) PB5 (SCK/PCINTS) digital pin 13
(PCINT21/0008/T1) PDS[] "] PB4 (MISO/PTINT4) dighal pin 12
figital pin 6 (PN} (PCINT22/0COAZAING) PDE ] 1] PB3 (MOSIOC2A/PCINT3) degital pen 11(PWM
ligntal pin 7 (PCINT23/AIN1) PD7 ] ef ] PB2 (SSIOCIBPCINT2)  digial pin 10 (PWM)
igstal pin B (PCINTO/CLKOACF1) PBO ] s{] PB1 {(OC1APCINT1) dhgital pin § (PWM)

Figure 26 ATmega 328 Pin Mapping

3.2.3 Sensor and actuator access and control

Sensor/actuator control stage layers will have to be employed on the ATmega 328

Arduino Controller. The flow chart representing the establishment between the
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ATmega 3285 Arduino Controller and the Internet plus the configuration stage up to

the sensoring and Actuator controlling stages are also shown in Figure 27.

Sensor and actuator control Stage

)
Decode command
Idle Mode string

~——

Configuration Stage

Static Internet Take an action

Protocol (IP)

Address ——
Wait f
attor Measure Data from
command from Control actuators
N Sensor
Establish user

connection
with Local Area
Network (LAN)

n Command
Connection .
received
successful Execute command
YES

Figure 27 Flow chart for the connection with the Internet

As shown in Figure 27, sensors and actuators are can actually communicate with each
other or they can be controlled directly by an intelligent controller circuit as shown in
Figure 23. Sensors will from time to time send values that will be interpreted by the
controller and displayed on the system interface. The controller is then employed to

automate tasks such as switching off the stove, lights and air conditioner.

3.2.4 Graphic User (GUI)

The Graphic User Interface (GUI) for an intelligent living environment will allow
interaction between the system and the resident. The researcher recommends that
the GUI should be user-centred and designed on simple semantic principles. In other
words, the GUI should be self-explanatory, efficient and user-friendly. The interface
for the intelligent living environment may be available on one or more monitors in the
living room. It may also be made accessible through a mobile dashboard. A typical
GUI for an intelligent living environment’s lighting designed by Crestron is shown in
Figure 28.
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Figure 28 GUI for lighting status [7]

3.2.5 Messaging

Some wireless technologies that back remote data transfer, sensing and controlling

include among others, the following:
e Bluetooth;
e Wi-Fi;
e Radio-Frequency ldentification (RFID); and

e Cellular networks.

Beachcomber bearer agnostic platform provides communication between the
intelligent living environment and the resident/user through Java Message Service
(JMS). Beachcomber is a Java Enterprise Edition (JEE) application which runs with
the mobicents communication framework [2]. The typical configuration of

Beachcomber for a living environment application is summarised in Figure 29.
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Intelligent Environment

Beachcomber

Hyper Text Transfer eXtensible
Protocol Messaging and
Response Adapters || Presence Adaptors Service (JMS)
(HTTP RA) (XMPP RA)

Twitter RA Java Message

Figure 29 Beachcomber configuration [7]

In this design, communication with Rules Engine is done using JMS while,
communication with Android cell phone is done using XMPP and communication with
the living environment via the Arduino board using HTTP. Provision for communication
with Twitter has not been considered in this design due to the perceived lower number

of twitter use-clients at old age.

Figure 30 shows how the Simulink Support Package for ATmega 328 Arduino
controller hardware can be used to send TCP/IP or UDP messages to a remote host
and to receive TCP/IP or UDP messages from a remote host using an with a ATmega
328 Arduino controller and a WiFi Shield.
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Figure 30 Receiving TCP/IP data with ATmega 328 Arduino controller and Wi-Fi

This proposed innovative architecture has a low cost but flexible home control and
monitoring system using Android-based Smart phone. The aim was that any Android-
based Smart phone that has an embedded function for Wi-Fi can be used by an elder
citizen to access and control the devices at home. As is the current scenario, when
the Wi-Fi is not available, mobile cellular networks such as 3G will be used to control

the system as well.

Recently, the use of Web services, simple object access protocol (SOAP) and
representational state transfer (REST) as an interoperable application layer to

remotely access home automation systems have also been recommended.

3.3 Decision making (Reasoning) using Fuzzy Logic

In the designed architecture, data received is evaluated and condensed using logical
observation in order to identify situations. The following observations have been
identified:

e Person X is inside the house;
Person is outside the house;
e Person X is sleeping;

e Person X has fallen down;
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e Person X has not responded;
e The door is open;
The door is closed;
e The window(s) are open;
The window(s) are closed;
e The stove is off;
The stove is on;
e Fire is detected,
Fire is not detected;
e The light level in the house is below the threshold;
The light level in the house is above the threshold;
e The swimming pool is covered; and
The swimming pool is not covered.

The following user-cases were assumed by the researcher in order to come up with

sets of rules for the security of the resident of intelligent home system:

e All the room appliances such as the stove must be switched off, when the

location detector detects the resident leaving the house;

e The air conditioner must be switched off if the front door and any of the windows

are open,

e If the resident is inside in any of the rooms, the front door and all the windows

are closed, then the temperature is set at 25°C;

¢ All the lights will switch off at most 30 minutes after the bed sensor has detected

the presence of the resident on the bed.
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3.3.1.1 Fire detection

The fire detector has a combination of Carbon Monoxide (CO) and Carbon dioxide

(CO2) sensors, since these two gases are found in most fires.

3.3.1.2 Door and window sensors

Magnetic sensors are placed in the front door and protrude on the windows. If the
opening, either on the door or any of the eight windows is detected, the contact is “1”

and “0” in case of the closing of the door and all the windows.

3.4 Conclusion

This section has highlighted a design model overview of an intelligent home
environment. Sensor units are used to detect temperature and light-levels, occupancy
movements and gas or smoke presence, status of the windows and doors, falling
people, among other variables in the house. Rules are predefined for the
corresponding appliance to either turn on or off in predefined intervals. Five-tier pattern
detection alarm systems are created based on the rules that will have been violated.
The alarm system ranges from no danger, when the system does not record any
difference between the environment measurement and the expected or target
measurement, to the most severe case, referred to as emergency. The rules engine,
through the Bearer agnostic communication, may then send messages to the

caregivers, owner or the responds unit in emergency cases.
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4 CHAPTER FOUR

MODELLING AND SIMULATION OF THE INTELLIGENT LIVING
ENVIRONMENT VARIABLES BASED ON THE CHOSEN Al
TECHNIQUE USING MATLAB/SIMULINK

4.1 Introduction

This chapter presents the modelling and simulation for an intelligent home system.
Generating of random variable data was done using IBM SPSS, modelling was done
through Fuzzy rules and the results simulated using the back-propagation neural
networks. An overview of the intelligent home system modelling and simulation will be

outlined and discussed in this chapter.

4.2 Neural Network design process

According to Kaligirou (2000), there are seven primary steps in the general neural
network design process namely collecting data, creating the network, configuring the
network, initialising the weights and biases, training the network, validating the network
and using the network. The work flow for the design process is shown in Figure 31. In
this study step (collecting data) happened outside the framework of Neural Network
Toolbox software. Data representing 10 sensors were randomly created (not collected)
using a statistical software called IBM SPSS 22. The two steps namely Configuration
of the network and initialising the weights and biases was combined in this study into
Building the network. Due to the lack of funding, the researcher did not construct the

physical model.
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Figure 31 Workflow for the general Neural Network design process [19]

The simplified design process with 4 steps as used in this study is shown in Figure 32.
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Figure 32 Work flow for the Neural Network design process used in this study

4.3 Modelling a Fuzzy System

In modelling a fuzzy system as indicated in Figure 33, the following steps were

followed:
- Step 1: Input and output variables were chosen;
- Step 2: Determined the linguistic terms associated with each variable;
and

- Step 3: Designed a collection of fuzzy if-then rules.
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Figure 33 Fuzzy Steps

Input variables were represented by the ten sensors while the output was represented
by the level of security. Random input data was generated using IBM SPSS and the

output data using the fuzzy rules as shown by a snap shot of appendix A in Figure 34.
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Figure 34 Snap shot of Appendix A
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The following Fuzzy Rules were considered for this design:
Emergency situation(s)

Several situations are combined in logical expressions, resulting in the new

emergency situations such as the following:

o (Person X is inside the house) —» (Fire has been detected) —»

(Trigger the Fire alarm) — (Issue Emergency call to the responds unit)

The security level is categorised with a number “10”.

Alert situation(s)

o (Person X has not responded within S seconds) — (Fire has been
detected) —> (Care giver has not responded to call for S seconds)

— (Issue Emergency call to the responds unit)
o (Person X is outside the house) — (Swimming pool is not covered)
— (Notify the caregiver)

o (Person X is inside the house) — (Person X has fallen)

———— (Notify the caregiver)

The security level ranges between “7” and “9”.

Caution situation(s)

o (Person X is inside the house) — (Person X has fallen down)

——— (Notify the caregiver) —— (Caregiver responds within S seconds)

The security level ranges between “4” and “6”.

Abnormal situation(s)

o (Person X is outside the house) — (The stove is switched on for longer

than S seconds) —> (Switch off the stove)

o (Person X is inside the house) — (Temperature higher than the pre-set)

— (Switch on the fan)
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o (Person X is inside the house) —(Swimming pool is not covered)

— (Alert the person X)

The security level ranges between “1” and “3”.

e On danger situation

In this situation, the system does not record any difference between the environment
measurement and the expected or target measurement. No action is taken. The

security level is “0”.

4.4 Designed Intelligent Home System Structural Layout with Back-

Propagation Neural Network

The input layer consist of the ten sensors that are used in the intelligent living

environment:
e Motion sensor
e Stove temperature sensor
e Falls/pressure sensor
e Light intensity sensor
e Humidity sensor
e Door sensor
e Swimming pool net sensor
e Bed sensor
e Ambient temperature sensor

The input to the neuron model is taken as either O (off) or 1 (on). One hidden layer
was used in the model. A sigmoid and linear transfer functions were used. The target
vector for the neuron is the security level from 0 to 10. Back-propagation learning
algorithm was used in the modelling of the neuron. Figure 35 shows the designed

intelligent home system Neural Network Model’s structural layout.
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Figure 35 Designed Intelligent Home System Neural Network Model Structural
Layout

4.5 Simulation of the smart home system using MATLAB/Simulink

Input vectors for the 10 sensors were randomly generated using a statistical
application IBM SPSS 22. The intelligent home design model will be simulated by the
Neural Network Fitting Tool (nftool) GUI and Neural Network Tool (NNtool) GUI.

4.5.1 Generating the data

IBM SPSS 22 was used to create random variable names using the corresponding 10
sensors and the output variable called Target vector (security level) shown in Figure
35. The input was defined as scale, since numeric values were used as shown in
Figure 36 under the heading Measure. To create a random number, new variable
names with a suffix _RandomNumber had to be added to all the names of the sensors
as indicated by name numbers 11 — 20 as shown in Figure 36. Therefore, the 10

random variable names (11-20) were used as inputs to the system.
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2 Living Environment random generated sensor 2 data.sav [DataSet1] - IBM SPSS Statistics Data Editor
File  Edit View Data Transform  Analyze  DirectMarketing  Graphs  Utiliies  Extensions  Window  Help

*H
Type Width | Decimals Label Values Missing Columns Align Measure
Motion_sensor Numeric Mone Mone & Scale

Stove_sensor MNumeric Hone Mone i & Scale
Falls_sensor MNumeric Hone Mone i & Scale
Fire_sensor Numeric Mone Mone & Scale
Light_sensor MNumeric MNone Maone i & Scale
Humidity_sensor Numeric MNone MNone i & Scale
Door_sensor Numeric Mone Mone = @9 Scale

Swimmingpool_sensor Numeric None None = Ri & Scale

%
2
3
4
5
6
7
8
g

Bed_sensor MNumeric Hone Mone i & Scale

=]

Temperature_sensor Numeric None Mone & Scale

=

Motion_RandomMNumber Numeric MNone Mone i & Scale

X1

Stove_RandomMNumber MNumeric Hone Mone i & Scale

w

Falls_RandomMumber Numeric Mone Mone 39 Scale

B

Fire_RandomNumber Numeric Mone Mone i & Scale
Light_RandoemMumber Numeric MNone Mone i & Scale
Humidity_RandomMumber Numeric MNone MNone i & Scale

| &@||m

Door_RandomNumber Numeric Mone None =] & Scale

@

Swimming_RandomMNumber Numeric None Mone = Ri & Scale
Bed_RandomMNumber Numeric None Mone =Ri & Scale

Temperature_RandomMumber ~ Numeric Mone MNone = & Scale

m || =
S|

Figure 36 Computing variable names

Figure 37 shows how random numbers were generated. Input vectors for temperature
sensor, humidity sensor and light sensor were given a continuous data ranging 0-1.
For the motion sensor, stove sensor, fire sensor, door sensor, swimming pool sensor
and bed sensor, a binary data was used with “0” representing the “off” status of the
sensor while, “1” represents the “on” status. Target vectors were given a range of 0-
10. The target represented the 10 levels of security. Target vectors were manually

entered using rules framework for the proposed intelligent living environment.

The size of training data was determined by the number of weights. The total number

of input data (Random Intervals — RI) was thus given by the formula:

For a fully connected neural network for this design with (i) inputs, (h) hidden nodes,

and (o) outputs:

N = (5~10) * (i * h + h*0)
= (5~10) * (10*20+20*1)
=1100~2200

The randomly generated RI for each sensor was 2000 using SPSS 22 as shown in

Figure 37. All the RI values are shown in appendix A.
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=) *Living Environment random generated sensor 2 data.sav [DataSet1] - IBM SPSS Statistics Daf
File Edit View Data Transform  Analyze  DirectMarketing  Graphs  Utiliies  Exensions  Window  Help

SHE B e~ FhLAR N GY BoE 10%
|

Mation_ Stove_Ran Falls_Ran Fire_Ran Light_Ran|  Humidity | Door_Ran Swimming_Ra Bed_Ran Temperature

Random|¢” domMNumbe|¢” domNum | ¢ domNum |¢® domMNum |¢” RandomM|&® domNum ndomNumber | ¢ domNum f_RandomNu
Number r ber ber ber umber ber ber mber

1 . 25 B3

.66 .95

.69 19

.36 .98

0 . .20 29

Compute Variable B5

22

Target Variable: Numeric Expression: 98

RV.UNIFORM(D,1) 3

it |

1
0
1
0

[ Type & Label_ | 89
15

93

-
jury

f Motion_sensor
f Stove_sensor . :

& Falls_sensor Function group: 39
& Fire_sensar Date Creation 16
& ngh_l sensor Date Extraction -48
& Humidity_sensor In.\aerse DF E
4 Door_sensor Miscellaneous 9

& Swimmingpool Missing Values 05
- PDF & Noncentral PDF
f Bed_sensor 13
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Figure 37 Generating random numbers using SPSS 22

The randomly generated input data was imported in MATLAB as shown in Figure 38.
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Impaort - C\Users\Staff\Documents\2016\M-Tech\Randomly generated inputs and ta

IMPORT

) ’Ai i [ Replace ~ |unimportable cells with ~ |NaM
Batayd Ad M Eﬂ MNumeric Matrix
v

Variable Names Row: 5 = Cell Array

FH Taki-
SELECTION IMPORTED DATA UNIMPORTABLE CELLS
| Randomly generated inputs and target vectors (Imported Data) xlsx

A B T D E F G H |
VarName1 Motion Stove Falls Fire Light Humidity Door SwP Bed Temperature
* Number * Number * Number * Number *Cell ~Cell + Number + Number + Number - Cell b
RANDOM S...
Motion Stove Falls Fire Humidity Door SwP Bed Temperature
1 0 5

1 0 0 AE 66

69
1 0 0 0].67 36

87

Figure 38 Imported Input Datain MATLAB

4.5.2 Building the Neural Network

The designed Intelligent Home System Neural Network model structure is composed
of 20 neurons in one hidden layer and one output neuron, since there is only one target
value for the security level, associated with ten input vectors. The Neural Network Tool
(NNtool) Graphical User Interface (GUI) was utilised for simulating the Intelligent

Home System Neural Network model. Activation was done by clicking on:

Start—> Neural Network—>NNTool as shown in Figure 39. Training of the data
entry in the MATLAB environment after transposing the randomly generated “input”

data from statistical software application called IBM SPSS 22.
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Figure 39 Activating NNTool GUI

Figure 40 shows the structure of the Artificial Neural Network with the input and output
parameters created using NNTool GUI. There are 10 inputs representing the following

10 sensors:
e Motion sensor
e Stove temperature sensor
e Falls/pressure sensor
e Light intensity sensor
e Humidity sensor
e Door sensor
e Swimming pool net sensor
e Bed sensor

e Ambient temperature sensor
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20 neurons were in the hidden layer and there is only one input vector. By experiment,
the model showed that as the number of neurons increased, the neural network
slowed down. By trial and error method, the performance of this Artificial Neural
Network model was optimal at 20 neurons in the hidden layer.

Network: network1

View | Train | Simulate | Adapt | Reinitialize Weights | View/Edit Weights

ol =e-

Figure 40 Neural Network window

4.6 Training the Network

As mentioned earlier in this chapter, randomly generated data was used. The data

used in the experiment was classified as following:
e Training data
e Testing data
e Validation data

70% of the data set was assigned as the training set, 15%for validation while the
remaining 15% was assigned for testing the performance of the Artificial Neural
Network predictions. The input vectors with their ten variables and their target vectors
with ten variables in the training set were presented to the network for training.

The training set of each of the 2000 sample set size, 10 inputs and 1 output pairs,
corresponding to 70% of the data set containing results as shown in Figure 40. The
training process was terminated either when the performance goal was met or when
the maximum number of epochs was exceeded. Eventually, the input vectors from the

test data set were presented to the trained network and the network predictions were
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compared with the experimental outputs for the performance measurement. The test
data set comprised of 10 input, 1 output pairs for each sensor which corresponds to
15% of the data set.

The MATLAB environment was used for training and measuring the model's
performance. The training algorithm (optimisation) called Lavenberg-Marquardt
(trainlm) was employed during the training step because it takes a shorter time to get

a solution [8].

The optimal activation function used in this study for the hidden and output layers was
the hyperbolic tangent sigmoid function as shown in Figure 40. Three transfer
functions were investigated in Chapter 2. Three transfer functions, which are built in
the MATLAB software are:

e Log-Sigmoid transfer function (logsig);
e Hyperbolic tangent Sigmoid transfer function (tansig); and
e Linear transfer function (purelin).

The graphical and mathematical expressions for the three transfer functions as
mentioned above have been dealt with in detail in section 2.11 of this dissertation.
Figure 41 shows the snapshot of the experiment’s Training Network Data window. It

shows that data was randomly divided up to 2000 samples.
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Validation and Test Data
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Select Percentages

Neural Fitting (nftool)
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. ) Randomly divide up the 2000 samples: & Three Kinds of Samples:

' Training: 70% 1400 samples ° Training:

@ valideti 300 samsles These are presented to the network during training, and the network is
Validation: 15% v P adjusted according to its error,
@ Testing: 15% v 300 samples
@ Validation:
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when generalization stops improving,

W Testing:

These have no effect on training and so provide an independent measure of
network performance during and after training.

Restore Defaults

ﬁ} Change percentages if desired, then dick [Next] to continue.

& Neural Network Start K4 Welcome ® Nedt @ Cancel

Figure 41 Train Network Data window

The training stopped when the validation error increased for seven iterations, which
occurred at iteration 13. After clicking on Performance in the training window, a plot

of the training errors, validation errors, and test errors appeared, as shown Figure 42
and Figure 43.
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Figure 43 Simulated Best Validity Performance Characteristics
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The result can be considered meaningful because of the following reasons:

e the final mean-square error is small (3.79), meaning that the desired outputs
and the Artificial Neural Network outputs for the training set have been close

enough;

e the test set error and the validation set error have similar characteristics as

shown in Figure 43; and

e there is no significant overfitting has occurred by iteration 13, where the best

validation performance has occurred.

4.7 Testing and Validating the network

The testing sought to test the network to see whether there was an optimal balance
between memorisation (accuracy) and generalisation. Evaluation of the network
sought to verify whether there was an underlying trend in the performance of the
Artificial Neural Network model. This involved conducting the statistical analysis of the
coefficient of determination (R?) and the root mean square (RMSE). An R value
measures the correlation between the unnormalised output and targets. An R value of
1 means a close relationship and 0 means a random relationship [8]. The root mean
square indicates information in the short term performance which is a measure of
predicted values around the measured data. It is important to note here that the lower
the value of RMSE, the more accurate is the estimation [34].

Linear progression performance between the random living environment model
outputs and the corresponding target (security) shows that the model’s output tracks
the targets very well for training and validation, with the R-value being 1 for the total
response as shown in Figure 44. The R-value of around 0.7 is indicating that there is

a very close relationship between the outputs and targets as predicted.
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Figure 44 Simulated Regression Characteristics

4.8 Conclusion

This chapter presented the modelling and simulation of an intelligent living
environment using the back-propagation neural networks. An overview of the neural
network model, architecture, and transfer functions was outlined and discussed. The
designed intelligent living environment Neural Network model architecture and its
defined neural network algorithm were described. The design model was modelled
using fuzzy rules and simulated by the Neural Network Fitting Tool GUI, using 2000
random samples. Random data was generated using IBM SPSS.

The classification of the security level has been performed with a Neural Network
consisting of an input layer with 10 neurons representing the ten sensors, one hidden
layer with 10 neurons, and output layer with 1 neuron. There are five categorised
possibilities of the security namely, no danger at all, mild abnormality, caution, high
alert and emergency. The learning algorithm employed was back-propagation. In this

study, the R-value is 0.7 for the total response.
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5 CHAPTER FIVE

CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE
WORKS

5.1 Summary

One area addressed by this thesis is the design of an intelligent living environment for
a resident who lives alone. Ten key sensors were identified for the designed living
environment. Appropriate devices to be controlled by the system were also identified.
Modelling and simulation of the intelligent living environment was motivated by the
designed system has been modelled by the ANN and simulated by both the ANN
artificial techniques. Neural Network Fitting tool (nftool) GUI and Neural Network tool

(NNtool) were used.

Optimal results were validated using randomly generated results using IBM SPSS
software and the produced results were considered acceptable. These results indicate
a possibility of implementing the designed living environment to increase the resident’s

security.
5.2 Future research

Several new areas for future research presented themselves to the researcher, while

the study was being carried out. These areas include:

e Designing an intelligent living environment for more than one occupant /

resident;
e Movement assistive equipment such as exoskeletons; and

e Other assistive technologies such as video, audio or speech for the elderly with

disabilities in the mentioned areas.
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APPENDIX A

RANDOMLY GENERATED INPUTS AND TARGETS VECTORS SAMPLES FOR A
TYPICAL LIVING ENVIRONMENT

Key
RI: Random Interval
SwP: Swimming Pool

Temp: Temperature

RANDOM SENSOR VARIABLES -

Motion | Stove | Falls | Fire | Light | Humidity | Door | SwP | Bed | Temp. Security level
RI1 1 1 0 1 .64 .25 0 1 0 .53 10
RI2 1 0 0 1 .14 .66 1 1 1 .95 10
RI3 0 1 1 0 .09 .69 0 1 0 .19 3
RI4 1 0 0 0 .67 .36 0 1 1 .98 3
RI5 0 0 1 0 .94 .20 1 1 0 .29 3
RI6 1 1 0 0 .94 .87 0 0 1 .65 3
RI7 0 0 1 0 .60 .16 1 1 1 .22 3
RI8 1 1 0 0 .24 .49 1 0 0 .98 3
RI9 0 0 0 1 5 .28 1 0 1 .34 10
RI10 0 0 0 0 .62 .83 0 1 1 .89 4
RI11 1 0 1 1 .67 42 0 1 0 .15 10
RI12 1 0 0 1 .36 .82 0 1 0 .93 10
RI13 0 0 1 0 .96 .03 1 1 1 .32 4
RI14 0 1 0 1 .48 .14 0 1 0 .16 10
RI15 0 0 0 0 .48 .07 0 0 1 .48 1
RI16 0 1 0 1 .90 .28 1 0 1 91 10
RI17 1 1 0 0 13 .25 1 1 1 .05 5
RI18 1 0 0 0 .48 .99 0 0 0 13 1
RI19 1 1 1 0 75 .67 1 0 0 .22 8
RI120 0 0 1 0 .99 .51 0 0 0 .90 2
RI21 0 1 1 1 .83 .49 1 1 0 1.00 10
RI22 1 0 0 0 .61 75 1 0 1 .38 3
RI23 0 0 1 0 43 .60 0 1 1 .62 7
RI24 1 1 1 1 .82 .35 0 1 0 .70 10
RI25 1 0 0 0 .82 .53 0 1 1 .40 9
RI26 0 1 1 1 .92 77 0 1 1 12 10
RI27 1 1 1 1 .98 .05 0 0 1 .08 10
RI128 0 0 0 1 .03 .30 1 1 1 .95 5
RI29 0 1 1 0 A7 31 0 1 0 .93 8
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