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Abstract
The aim of this project is to create home security system for the deaf and or blind. This will
be achieved by placing sensor modules in the home which interact with a main alarm

module which the home owner would carry with them.

If there were an intruder in the home when this system is in operation, the sensor would be
set off by the intruder’s movement. This would then signal the alarm module which, signal
the owner with vibrations. Vibrations are used as touch is a common sense that everyone
has. The alarm would vibrate to the tune of the specific module that has been triggered,
telling the home owner where exactly in the home the intruder is. This would give the home

owner time to decide on his/her strategy on how to deal with the situation.

Due to this project having to function as a viable option for the deaf and or blind the alarm
cannot simply be a sound or light alarm; also if sound and light were used it could potentially
alert the intruder to the alarm in certain situations, which would make the entire idea behind
this project redundant. Ifthe intruder was made aware of the alarm he/she would also be
aware of the home owner being in the vicinity, which would also make the intruder aware
that the home owner is deaf, or blind; which would give the intruder the option of taking
advantage of this. This would lead to the opposite to what the alarm was intended to do. So

as you can see, communication via vibrations is the only way forward.

The initial design will be based around a PIR sensor (infrared sensor) connected to a
programmable pic which would in turn communicate with another programmable pic, in the
alarm module, via a radio transceiver, and alert the clients via a vibration motor which is in

some way attached to the client of close enough for the client to feel the vibrations.
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Chapter 1.0

Introduction

For the last year of University at the University of Wales Trinity Saint David, the author was
required to create a project to achieve a degree in electrical and electronic engineering. To
this objective it would be to our benefit to create a project which covers a large electrical and
electronic base. To achieve this it is in the author's interest to create device for potential
clients to use in a house hold environment. To complete this project the author has been

given two years, to research, design, assemble, and test with results.

This project will aid author by further developing an understanding and an ability to create an
effective project using a range of electronic components, printed circuit boards designs, and
also better understand how and what the equipment the author is making to achieves its

goals.

1.1) Aims and vision

The aim of this project is to create a viable intruder alarm system for the home. This will be
achieved by: researching the idea, understanding what needs to be achieved in specific time
lines, creating a number of designs, and settling on a specific design. Then eventually

create the project and, present and conclude the findings.

The aim of this design is to place trip modules in strategic point's through-out the home and

connect to a main sensory alarm hub on the clients’ person.




1.2) Gantt chart
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The planning the planning stage when given a project and a deadline is of utmost

importance. It was obvious at the beginning of this project that the amount of tasks that

would require completion during the same time frame would be almost overwhelming for the

author. Due to the author working full time, alongside this project, the author would need

something that would highlight key dates, mile stones and tasks within the project to remain

on track.

Below is a Gantt chart; Gantt charts are commonly used in project management, and it is

one of the best ways of showing some one exactly what you plan on doing and achieving in

a set time frame. On the left of the chart is a to-do list of what you plan on doing, on the top

is a time scale, and on the right hand side there is a percentage column to show how much

of that area you have completed and further again to the right hand side there are bars to

represent the start date and duration and end of that section. For a more detailed Gantt chart

please see appendix.
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~ Project b sioeig ety oy " o
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Figure 1 Gant chart
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1.3) Outcome

This system would give the home owner time to react without alerting the intruder. The idea
behind this is to give the home owner time to call the police and or help from a closer source
to lead the intruder into a false sense of a security. This would allow the time needed for the
authorities to arrive and arrest the intruder. This system would eventually spread word to
people thinking about breaking into someone’s home and make them think twice about
carrying out the crime as they wouldn't know which home would have the system and which

home doesn't even if the home owner did not have sight and or hearing.

1.4) Variables and parameters required
To create a security system for the deaf and or blind the following variables and parameters

will be required in the design of the security system.

* Must be able to sense intruders

+ Must be able to alert client to presence of intruder

* Must be portable

* Must last at least a day without recharging or replacing battery

*» Must be able to differentiate between moving inanimate objects and life forms
+ Must be functional for the deaf and or blind

* Must be able to communicate with client from a distance

s Must be affordable

1.5) Scope
This project will contain research into the market (to find what different kinds or security

systems are out there), research into parts to find what pre-built parts are currently on the

(o]
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market, and research into programming software (to help programme the device to do what
we desire). Then progress to purchasing the relevant parts and assembling the device, after
which product testing will begin. Also through all this documentation is extremely important,

and will be kept in a project note book.

Chapter 2.0

Research

Below are the steps taken to accurately and clearly research what is required for this project

through the means of the research onion.

The research onion is a tool used to aid in deciding what research approach to take.
Research like an onion has many layers, the first layer is research philosophy where you can
decide on many different types of philosophies but in this case there is positivism, realism,
and interpretivist. Then going to the second layer there is the research approaches, which
consists of deductive and inductive approaches. The third layer is the research strategies,
this is where everything starts to take shape, where you have your experimental research,
surveys, case studies, action research and more. The fourth layer is time zones, as with
everything research has time limits. Which leaves us with the final layer or core of the
research onion, this is where you have almost finished what you set out to do, but conduct
further research on your final product before release to iron out any details. Using the
research onion, a clear method of research will be constructed to research the project from

start to end.

— ~Figure 2 Research onfon
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2.1) Research methodology

There are three different types of research methods which could be used to collect research

for this project: basic, Quantitative, and applied.

The basic research method is simply collecting information at random on the subject you're
interested in. Quantitative research is the investigation into specific information required
through statistical, mathematical, and computational techniques and applies them to create
theoretical models. Applied research is very much like basic research but in a more
structured fashion; which is the most used type of research for projects. Therefore the type

of research employed in this project will be applied research.

2.3) Design Software

Design software is an extremely important tool to use in any design project. Design software
can be used in a multitude of ways, from designing a circuit, programming a microcontroller,
to simulation. No modern day design engineer would refuse to use these types of software,

because it saves many hours of trial and error, which saves money.
1. Proteus

The Proteus Design Suite is a Windows application for schematic capture, simulation, and
PCE layout design. Proteus also supports C programming, which can also be used in the
PCEB design simulation. Proteus is widely used in industry and is currently in use at UWTSD

which makes it available to electrical and electronic engineering students.

(2]
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2. Easy PC

The Easy PC design Suite is a Windows application for schematic capture, simulation, and
PCEB layout design. Proteus is widely used in industry and is currently in use at UWNTSD

which makes it available to electrical and electronic engineering students.

3. CCS - Pic C compiler

CCS C Compiler is used by students to begging programming in C, at UWTSD. Key features
of this compiler include: easy to define, set up and manage interrupts, easy migration
between all microchip devices, and C++ style input and output steams with full data

formatting.
4. MPLAB X IDE

MPLAB X IDE is a software program that runs on a PC, in conjunction with a pickit3 to

programme microcontrollers.

2.4) Programming hardware
Programming hardware is as important as the software used to create designs and

programs, as what is the point in creating a program if you cannot implement and test it.

MPLAB PICkit 3

The MPLAB PICkit 3 allows debugging and programming of microcontrollers. The PICkit 3 is
connected to a PC using a USB interface and can be connected to a microchip with a bread

board and wires, as depicted below.

viesCLRRES [|1 = 28

] RBTACSP
mac []2 27[] RB&ICSP
RA1 [|2 26| | RBS
Raz []4 25[] RB4 Fan 1 Inducater
raz [|5 - = 24(7] RB3 o
| s M a1 Pin Descrption®™
RA4 []& =e 23[] RB2 » i
1 = 1 kA e
ras []v z 22 me1 L : b bl
vss [|8 & 5 21[] RBO i 2
rar [|o E o 20[] voo " g
ras 1o & 19[] vas
rco LM 183[] rRe7?
12 1
2

rc1 [
Figure 3 Pickit 3 connections
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2.5) Market Research

Market research shows how much of a market there is for your product, through successful
market research you will be able to find out if people would actually purchase your product.
Market research is also extremely important for understanding the type of market you're
competing in, finding out who will purchase your product and discovering your unique selling
point (U.S.P for short). Your U.S.P (unigue selling point) is what sets you out from the
competition, and it's something you can high light when advertising your product to attract

your customers and take away business from your competitors.

2.6) Target customers

As this project is a security alarm system for the deaf and blind home owner the target
customers will be deaf and or blind individuals from the age of eighteen and up, as this is the
age when people can begin deciding on whether to move out or not or leave for college or
university. Also from the age of eighteen and up there is more of a chance the individuals will
have a steady cash flow to purchase a product such as this as they should have a job or

funding for college or university.

Facts on hearing loss and blindness/partially sighted in the UK:-

* There are more than twelve million people in the UK with some form of
hearing loss.

* By the year two thousand and thirty five, it is estimated that there will be
sixteen million people with hearing loss in the UK.

+« Seventy percent of people over seventy years old and forty percent of people

over fifty years old have hearing loss.

(=]
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* There are around two hundred and fifty thousand people in the UK with both
hearing loss and sight loss.

* Around nine hundred thousand people in the UK are profoundly deaf.

* |n England there are around three hundred thousand people who are blind or
are partially sighted.

* |n Scotland there are around thirty five thousand people who are blind or are
partially sighted.

* |n Wales there are around sixteen thousand people who are blind or are
partially sighted.

* |n Northern Ireland there are around eight thousand people who are blind or

are partially sighted.

2.7) Online survey

Further to help the author make decisions on this project he has created an online survey
which was posted on social media websites such as Facebook. Below are sixteen questions
aimed as possible consumers, fifteen of those questions aid in this project. There is also one

control question which the survey creator requested be placed in the survey,




Question 1

Oliver Casey Ellement

The control question below was chosen from a list of suggestions by the website

surveymonkey.com. The author decided on this control question as he felt a question on

marmite might be in appropriate.

Should Britain leave the EU? Your In or Qut
Brexit vote

O tive Tence

Aol Chiates
es
Mo
On the fence

Tolw

Figure 4 Question 1

—
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25T
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Question 2

The first of these questions made by the author tried to get an idea on how many possible
clients would be taking part in the survey. Unfortunately as you can see from the results, no

clients did take part. Of course only seven people took part in the survey.

Are you deaf and or blind?

Anywer

"o_

0% 0% 0%  BO% 0%  SO%  BO% 0% BO% SO0% 100%
rswer Choces Resporses
Yes 000 o
Mo 100 .00

Figure 5 Question 2

—
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Question 3

Question three made by the author tried to get an idea on how many people know a deaf or
blind individual. Fortunately as you can see from the results, just over half the people who

took part in this survey did know some possible clients.

Do you know someone that is deaf and or
blind?

Mn_

% 10% 20% % 0% 50% 0% % 8% 0% 100%
Andwel Choices Responies
Yes 1.04% 4
Mo 43.06%
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Figure 6 Question 3
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Question 4

The fourth of the questions made by the author tried to get an idea on how many people
were above the age of eighteen. Eighteen years old is considered to be the age when
people usually start thinking of moving out, though this age is said to increase in the next few
years. As you can see from the results, everyone that took part in this survey was eighteen
years old or older. This is reinforced with the fact that the author knows many who took part
in the survey, and they all started either thinking about moving out or already moved out at
this age. This benefits this project by showing that if the project were a success then the age

range for clients would be from eighteen years old and up.




Are you 18 or older?

Anzwer Choices
Yes

No

Figure 7 Question 4

Question 5
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The fifth question made by the author tried to get an idea on how many people live alone.

Unfortunately as you can see from the results, no one that participated in the survey lives

alone. The author believes that if there were more participants then the results would show

that there are people that live alone.
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Do you live alone?

Answered: 7 Skipped: 0

HO_

% 10% 20% 30% 40% 50% 60% T0% 0% 0% 100%

Answer Choices Responses
Yes 0.00% 0
No 100.00% T
Total T

Figure & Question 5

Question 6

The sixth question made by the author tried to get an idea on how many people that
participated in the survey live in the UK, as the survey was available over social media then

it is of course world-wide.. Fortunately as you can see from the results, everyone that

participated in the survey was from the UK.
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Do you live in the UK?
s

Ho

Answer Choices Responzas
Yes 100.00%

M 000 )

Figure 9 Question &

Question 7

The seventh question made by the author tried to get an idea on how many people believe
they would benefit from the authors product. Fortunately as you can see from the results,

mare than half of the participants believed they would benefit from the authors product.

(2]
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Would you benefit from a device that
alerts you when someone has entered your
home?

Yeu

Arswer Choces
Yes

No

Resporses
1A%

28.5T%

Tota

Figure 10 Question 7

Question 8

The eighth question made by the author tried to get an idea on how many people believe
they could afford the finished product if it cost between twenty to fifty pounds. Fortunately as
you can see from the results, more than half of the participants believed they could afford

this. The author placed this price bracket on the finished product because one of the goals of
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this project is to make it affordable to the average person but not so much so that he would

not be making a profit.

Could you afford a gadget priced between
20 - 50 pounds?

Answer Choices Responses
Yes BETM%

No 14.29%

Figure 11 Question 8

Question 9

The ninth question made by the author tried to get an idea on how many people believe they
know someone that would benefit from the authors product. Fortunately as you can see from
the results, more than half of the participants believed they know someone that would benefit

from the authors product,

{ )




Do you know someone that could benefit
from such a device?
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Figure 12 Question 9

Question 10
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The tenth question made by the author, tried to get an idea on how many people know of

burglaries in their area and if it is a common occurrence. This would also benefit the author

as the finished product wouldn’t be exclusive to the deaf and or blind, for financial reasons
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the product would have to be available to everyone. Fortunately as you can see from the

results, more than half of the participants know of burglaries occurring in their area. This

means that because they know it happens in their area they will be more likely to look into

purchasing a security system.

Are there many break ins in your area?
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Figure 13 Question 10

Question 11

—

Fitpan b
WETH
AT

4206

261




Oliver Casey Ellement

The eleventh question made by the author tried to get an idea on how many people actually
own a security system. Fortunately as you can see from the results, more than half of the
participants do not possess a security system, which means there are definitely people out
there that might be looking into purchase one. Also this could mean they've been looking to

purchase one but could not due to financial reasons or the current systems on the market

aren't what they desire.
Do you currently own a home security
system?
¥ei
- _
¥ W0 % e 4% 0% B e B0% o 100%
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Wi 28.5T%
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Figure 14 Question 11
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Question 12

Question twelve made by the author tried to get an idea on how many people have a
security system and how much it cost if they have one. Unfortunately as you can see from
the results, more than half of the participants have said no which could mean they have a
security system that costs under fifty pounds. Also this question could of benifited with a N/A
option as after the author spoke to a few participants they told him they said no because

there wasn’t a N/A option, so this question isn’t exactly accurate.

Did your security system cost more than
£507
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Figure 15 Question 12
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Question 13

Question thirteen, made by the author tried to get an idea on how many people pay a
subscription for their security system. Fortunately as you can see from the results, there is a
percentage of people who do and there is a large percentage that do not have a security
system which backs up previous questions. As the author suspected there is also a large

percentage that do not pay subscription as not all systems to ask to pay subscription.

Do you pay a subscription for your security
system?
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Figure 16 Question 13
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The fourteenth question made by the author tried to get an idea on how many people have a

security system in plain sight, to witch an intruder might have the option of disabling it before

the alarm is heard. Fortunately as you can see from the results, more than half of the

participants chose the N/A option which backs up the previous question of do they actually

have a security system to which this means they do not. Also there is an even percentage of

people that have a security system in plain sight and of people who do not have one in plain

sight.

Is your security system in plain sight?
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Question 15

In question fifteen made by the author, tried to get an idea on how many people are happy
with their current security system. As you can see from the results, there isn't a percentage
of people who are not happy with their security system but this could be down to the lack of

participants, to get a more accurate reading there would have to be more participants.

Are you happy with your current security
system?

No
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Question 16

In the sixteenth question made by the author, he tried to get an idea on how many people
have friends or family who just knock and enter. This could be due to the fact that the home
owner did not hear the door-bell or the knock on numerous occasions’. So, friends or family
just decide to walk in. Though this isn’t a lethal type of intruder the author believes the home
owner would still like to welcome people they know into their home rather than them just
walking in. Also the authors' product fills this niche as there aren't many products on the

market readily available that can alert a home owner in such a way like this product.
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Do people just knock and enter your home
even if you don't hear them?

swared: T SHIpE

You

o 1 20% 0% 40% 50% §0% % 50% 0% 100%
Answer Choaces Resporses
Yeu 42.86% 3
No 57 A8% 4
Tata
Figure 19 Question 16

2.8) Target customer conclusion

The above data was gathered from the office of statistics website and if they're accurate this
would mean there are approximately twelve million one hundred and eighty four thousand
potential clients. The survey has also helped the author understand his clients and potential
clients a lot more than he would of otherwise, which will help in future products and

marketing.
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2.9) Competitors
[3][5]After an extensive google search under “security systems for the blind and or deaf”, the

following competitors were identified:-

1) Assistech special needs — central alert 360 wireless notification system.
2) The key to independent living — mini monitor (doorbell, car or burglar transmitter).

3) Maplin's - Wireless security beam alarm.

2.91) Competitor product evaluation

1. Assistech product

Although the Assistechs product is attractive at first glance with its many different functions
the Achilles heel to this product is that it has to be installed into the already established
alarm system in the home by a trained technician. Also this product doesn't work in just any
country, you would have to call up Assistech to check before ordering and it requires a wifi

netwark to operate, which | plan on not using with my product due to its unreliability.

2. The key to independent living — mini door, car, and burglar transmitter

Although the mini door, car, and burglar monitor product is attractive at first glance with its
many different functions the Achilles heel to this product is the price (prices start at $295)
and its operation is completely different to the proposed operation of the operation of the
project, which means it lacks in efficiency as it operated from a pre-installed standard

security system.
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3. Wireless security beam alarm by Maplin's

The wireless security beam alarm system by Maplin's is an attractive product as is works
well and cheaply. This alarm system consists of two units that project and receive an infrared
beam when blocked it activates the alarm. When the alarm is triggered it lets out either a
loud alarm or a chime depending on what the customer has set it to. This product is a good
purchase and a strong competitor against the authors’ product; but it will only work for those
people who are not hard of hearing, and since it is an audio alarm then the intruders have a

chance to find it and turn it off before the customer hears it.

Market research conclusion

After reviewing the statistics and competitors' products the author has come to the
conclusion that there is a large market available for this project, and also the competing
products will not satisfy the niche of which this project fits in. The niche being, a cheap,

portable, user friendly, alarm system for the deaf and or blind.

Chapter 3 Researched literature

3.1) Types of Sensors

To achieve the goals set out by the author for this project the use of specific sensors must
be used. As this project is in aid of home security, the finished product must be able to
detect the presence of a life form. Below are a few selected sensors and their descriptions to

aid in the author in deciding which sensor to use,

1. Infrared sensors
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[2]Pyroelectric devices (devices that would with heat), such as the PIR sensors, have
components made materials that generate charge when exposed to infrared energy. The
changes in the amount of infrared energy striking the PIR change the voltages generated,
which are measured by an amplifier. The device contains a lens, which focuses the infrared
signals onto the element. As the ambient infrared signals changes, the on-board amplifier
trips the output to indicate motion. The amount of radiation detected depends on the surface
temperature of the abject and of what’s in the surrounding area; objects around the home
such as a chair with have very low levels of infrared radiation coming from it if any, but
people are warm blooded so the amount of radiation coming from them is noticeable to a
sensor.

The sensor converts the resulting change in the incoming radiation into an output voltage.
Infrared sensors come in many different configurations for a huge variety of applications.
The most common PIR sensors have numerous mirror segments, an effective range of
about ten meters, and a sensing radius of up to 180 degrees, though you can get more
powerful sensors with longer range and a larger field of view. Some sensors can even be
programmed to let small infrared signals pass by and only outputting voltage for large
lifeforms, these sensors are passive sensors. “To calibrate a PIR Sensor, it requires a warm-
up time in order to function as it is supposed to. This is due to the settling time due to its new
environment. This warm up could take up to fifty seconds. During this warm up period, the
LEDs under the lens will be switched on.

2. Microwave sensors

Microwaves are electromagnetic waves with a wavelength, shorter than that of radio waves
but longer than waves produced by infrared radiation. Microwaves are used in radar,

communications, and heating in microwaves.

Microwave sensors send out pulses and measure what is reflected off moving objects. They
can cover more area than infrared sensors, but they can be vulnerable to electrical

interference such as mains electrical noise and they’re a lot more expensive.
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3. Ultrasonic

Ultrasonic waves are sound waves just like any other sound wave but a higher frequency

than what the average human can hear.

Ultrasonic sensors send out pulses of ultrasonic waves and measure what is reflected off

moving objects very much like the microwave sensor.
4. Vibration

Vibration sensors use a small mass on a lever, which is activated by a switch to an alarm

when it vibrates, but these sensors are extremely unreliable as anything could set them off.
5. Video

Video cameras combined with advanced signal processing. This creates recordable motion
sensors which start recording when there is motion in the surrounding area where the
camera is recording. These sensors can be very costly with memory however as if there is a
motion in the area it'll start recording and if for example there is a pet in the home then it'll

record almost constantly.

3.2) Sensor research conclusion

The author has read and understood the sensor research above and has come to the
conclusion that the use of PIR sensor would be the best match for this project. The author
has come to this conclusion due to the fact that they’re widely used in industry, there are
many different variations of PIR sensor, and some PIR sensors can even differentiate
between humans and small animals. Differentiating between animals and humans means
that a clients' cat would not set off the sensors, and this means that potential clients would
not be put off if they have some form of freely moving animal setting the system off

accidently.
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3.3) Types of Transmission

To achieve the goals set out by the author for this project the use of specific communication
devices must be used. As this project is in aid of home security system which alerts the deaf
or blind client via vibrations, the alarm cannot simply be sound or physically attached to the
sensor unit. Below are a few selected types of communication and their descriptions to aid in
the author in deciding which communication device to use. Although, to cover a range of
design concepts the author has also included a wired connection means of communication,

which could be used for the bed ridden client.

1. Radio transmission

[4]Radio transmissions use radio waves to carry information from video, to data or code.
This is done by modulating electromagnetic waves. When electromagnetic waves reach a
conductor it creates AC in the conductor then the information can be extrapolated and turned
back into its original format. A transceiver is a combination transmitter/receiver usually on a
single PCB. Radio transceivers are mostly used in communication systems such as mobile
phones and two way radios over a short distance. While transmitting, the receiver end of the
transceiver is shut down so there is no cross communication while transmitting. When
transmitting with a transceiver with this function, you can’t receive signals while transmitting
(this function is called half duplex). There are also transceivers out there designed to allow
reception of signals during transmission (this is known as full duplex). These transceivers
require the transmitter and receiver operate on different frequencies so the transmitted

signal does not interfere with the reception.

2. Blue-Tooth

Bluetooth exchanges data over short distances between devices. Blue-tooth uses a specific
radio frequency to transmit data, and creates a network. Blue-tooth can be very secure

although there has been some security issues in the past; and blue-tooth is a very flexible
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technology as it can be used anywhere at any time and can be used on a range of devices

from mobile phones, to cars.

3. WI-FI

Wi-Fi creates a wireless network in your home or office, where your computers can get
connected to your internet. WI-F| uses radio waves, like your phone or blue-tooth devices.
Devices called wireless transmitters receives the information from the internet via your
internet connection supplied usually but not always by your phone line. The transmitter
converts the information into a radio signal and sends it to be received by your phones,

computers or tablet devices.

4. Mains cable (wired connection)

Mains cable transmission is used in businesses, homes, and large projects such as smart
grids which uses the power line connectivity to provide an Internet signal, just like a DSL
service that uses an existing telephone line for the same purpose. This is achieved by
connecting a transmission device to your internet source and into a mains socket and a
second device where you require the internet to be broadcasted wirelessly or you can

connect to the second device via an Ethernet cable if you prefer.

5. Ultrasound

“Ultrasounds are sound waves with frequencies higher than the upper audible limit of human
hearing. Ultrasound is no different from 'normal' sound in its physical properties, except in
that humans cannot hear it. This varies from person to person and is around 20 kilohertz in
healthy, children and lowers considerably with age and exposure to loud noises. Ultrasound
is used in many applications, from checking the health of a unborn child, to measuring

distances.
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3.4) Transmission research conclusion

The author has read and understood the sensor research above and has come to the
conclusion that the use of radio transceivers would be the best match for this project. The
author has come to this conclusion due to the fact that they're widely used in industry; there

are many different variations of radio transceivers, and some can range for miles.

3.5) Types of motors

To achieve the goals set out by the author for this project the use of motors must be used.
As this project is in aid of home security system which alerts the deaf or blind client via
vibrations. The alarm unit must have a source of vibration and the only device for this goal is
a motor. Below are a few selected types motors and their descriptions to aid in the author in

deciding which motors to use.

A motor is an electrical machine that comes in various sizes that converts electrical
energy intoe mechanical energy. Motors are assembled using a coil of wire that is free to
rotate between two magnetic poles. When an electric current flows through the coil, the coil

induces a force which in turn rotates the shaft.

1. DC motor

A direct current motor is an electric motor that uses electricity, from batteries, and a
magnetic field to produce torque, which causes the shaft to rotate. DC motors require two
magnets of opposite polarity and two or more poles with copper coil wrapped around them,
which acts as an electromagnet. The repellent and attractive electromagnetic forces of the
magnets provide the torque that causes the motor to rotate the shaft. At one point how-ever

the polarities of the magnets are switched off, so no torque is produced, this is because if
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they were to remain on then it would cause the magnets to slow down due to the attractive

forces on the peak of the turns, and this could even cause the motor to stall.

2. AC motors

An AC motor is a motor driven by an alternating current typically from the mains. The AC

motor normally has two basic parts, an outside stationary stator having coils supplied with
alternating current to produce a rotating magnetic field, and an inside rotor attached to the
output shaft producing a second rotating magnetic field. The rotor magnetic field is usually

produced by permanent magnets.

3. Difference between AC & DC

While both A.C. and D.C. motors serve the same function of converting electrical energy into
mechanical movement, they are constructed and powered differently. The biggest difference
between these two motors is the power source. A.C. motors are powered from alternating
current usually mains; while D.C. motors are powered from direct current such as batteries

or an AC-to-DC power converter.

3.6) Motor conclusion

The author has read and understood the motor research above and has come to the
conclusion that the use of small direct current motors would be the best match for this
project. The author has come to this conclusion due to the fact that they're widely used in

industry; and they come in a range of shapes and sizes, with powerful vibrations.
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3.7) Communication between components

To achieve the goals set out by the author for this project the use of specific communication
devices must be used. These communication devices may require certain types of
connections and communication protocols, below are types of connections that are typically

used in general.
1. R§232

RS232 is a protocol that highlights how to transfer data serially between devices using a
wires or cables. RS232 uses a serial transmission method which bytes are outputted to a pin
on the microcontroller one bit at a time onto a single wire or cable.

Data can only be transmitted in one direction for each pin so for bi-directional communication
you need two pins hence RX (Receive) and TX (Transmit) the output signal is normally TX
and the input is usually RX on the average microcontroller. To create a two way
communication system a minimum of three wires are needed TX, RX and ground.

RS232 transfers a single byte of data over a serial cable having between three to twenty two
signals and can run at speeds from one hundred to twenty thousand baud. Common baud
rates used are two point four thousand, nine point six thousand, nine-teen point two
thousand; the cable length can be up to fifteen meters. Baud rate is the rate at which
information is transferred in a communication channel. A byte can be transmitted at any
time as long as the previous byte has already been transmitted. The transmitted byte is not
synchronized to the receiver - it is an asynchronous protocol which means there is no clock
signal. For this reason software at each end of the communication link must be set up

exactly the same so that each serial decoder can decode the data stream.

To make RS232 work over long cables high voltages are required from each transmitter due
to cable resistance the voltage reduces the further the signal has to travel. The output
voltage is usually from five volts to thirty volts.

At the receiver the input voltage is usually three volts, so to receive a logic zero the voltage
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must be greater than three volts and to receive a logic one the voltage must be smaller than
negative three volts. This takes into account for the losses as the signal travels down the

cable and cancels out the noise.

2. Serial port interface

Serial to Peripheral Interface is a hardware/firmware communications platform developed by

Motorola and then later adopted by many others in the electronics industry.

The Serial Peripheral Interface or SPI-bus is a simple four-wire serial communications
interface which is used by many companies that create microprocessors and

microcontrollers. SPI enables the controllers other devices to communicate with each other.

The SPI's are mostly used only in printed circuit board design, because there are a few
things, which prevent us from using it outside the PCB area. SP| was designed to transfer
data between various IC chips, at very high speeds. Due to this high-speed aspect, the bus
lines cannot be too long, because their reactance increases too much, and then becomes
unusable. It is possible to use the SPI on applications outside the PCB area, at low speeds,

but this is not practical for most applications.

In a computer or on a microcontroller, a serial peripheral interface or SPI is an interface that
enables the serial, serial meaning one bit at a time, exchange of data between two or more
devices, one called a master and one or more called the slave . An SPI operates in full
duplex mode (previously explained under radio transmission). This means that data can be
transferred bi-directionally. The SPI is most often employed in systems for communication
purposes between the central processing unit, otherwise known as a CPU,

and peripheral devices, and two or more microcontrollers. It is also possible to connect two
microprocessors by means of SPI. Serial interfaces have some advantages

over parallel interfaces. The most significant advantage is serial interfaces have simpler
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wiring. In addition, serial interface cables can be longer than a parallel interface, because

there is a lot less crosstalk among the conductors in the cable.

There are many types of devices on the market that can be controlled by an SPI, including,
sensors, displays, data converters, printers, data storage devices, registers, and

microprocessors.
An SPI protocol specifies 4 signal wires.

1. Master Out Slave In (MOSI) - MOSI signal is generated by Master, and is sent to the
Slave.

2. Master In Slave Out (MISQO) - Slaves generates MISO signals and is sent to the Master.
3. Serial Clock (SCLK or SCK) - SCLK signal is generated by the Master to synchronize the
data transfers between the master and the slave.

4, Slave Select (SS) from master to Chip Select (CS) of slave - SS signal is generated by

Master to select individual slave/peripheral devices..
Different types of SPI configurations:

1. Daisy-chained slaves also known as cascaded slaves
2. Parallel configuration also known as independent slaves

3. Queued Serial Peripheral Interface (QSPI)

Daisy-chained slave configuration:

In Daisy chained slave configuration, the clock lines (SCLK) are connected together. Also all
the chip select (CS) pins are connected together. The data outputs from the microcontroller,
through the peripherals, and back to the microcontroller. The data output of the next slave-

device is tied to the data input of the next, which forms a wider register. So the daisy chained
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slave-devices are looked at as one big device and receive there the same chip select signal.
This means, only a single SS line is required from the master, rather than a separate SS line

for each slave.

Independent slave configuration:

The normal mode of operation in SPI devices is the independent slave configuration. This
configuration, the MOSI pins are tied together and the all MISO pins are tied together while

each slave has an independent slave select connection to the master microcontroller.

Queued Serial Peripheral Interface

The queued serial peripheral interface or QSPI is another type of SPI controller.

The difference is that it uses a data queue with programmable queue pointers that allow data
transfers without a central processor unit intervention. It also has a wrap-around mode that
allows continuous transfers. This way the slaves appear to the central processing unit as

memory-mapped parallel devices.

Advantages of SPI

1. Full duplex communication.

2. Not limited to 8-bit words in the case of bit-transferring.

3. Simple hardware interfacing.

4. Typically lower power requirements than I2C due to less circuitry.

5. Slaves use the master's clock, and don't need precision oscillators.

Disadvantages of SPI

1. No hardware flow control
2. No in-band addressing.

3. No slave acknowledgment
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4. Only handles short distances compared to RS-232, or CAN.
3. USART

USART stands for Universal Synchronous Asynchronous Receiver Transmitter. A USART is
a microcontroller that has the option for communication through a computer's serial port
using the RS-232. A USART provides the computer with the interface necessary for
communication with modems and other devices. USART has the option of a

synchronous mode. Synchronous mode demands that each end of an exchange respond
without initiating a new communication. Asynchronous operation means that a process

operates independently.

4. UART

UART stands for Universal Asynchronous Receiver Transmitter. UART is a

microcontroller with programming that controls a computer's interface to its serial devices. it
provides the computer with the RS-232 data terminal equipment interface so that it can
exchange data with modems and other devices. Modern UARTSs provide some amount

of buffering some as high as sixteen bytes. This is so computers and other device data

streams remain organised.
5. USBs

USB stands for Universal Serial Bus. USB is a plug interface that allows a computer to
communicate with other devices. USB-connected devices are the most common devices on
the market. USB devices can be keyboards and mice, flash drives, Lights, and USBs are
used to charge devices.

USB 1.x is an external bus standard that supports data transfer rates of 12 Mbps and is
capable of supporting up to 127 peripheral devices.

USB 2.0, also known as hi-speed USB. Hi-speed USBs are capable of supporting a transfer

rate of up to or 0megabytes per second.
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USB 3.0, also known as SuperSpeed USB, USB 3.0 supports transfer rates up to
5.0 gigabits per second.

USB 3.1, also known as SuperSpeed supports transfer rates up to 10 Ghps.

6. 12C

12C is a bi-directional two-wire serial bus that provides communication between integrated
circuits or ICs. There are three data transfer speeds for the |12C bus: standard, fast, and
high-speed. Standard is 100 Kbps, fast is 400 Kbps, and high-speed can go up to speeds of
up to 3.4 Mbps. The 12C bus supports 7-bit and 10-bit devices and devices that operate

under different voltages.

3.8) Communication conclusion

The author has read and understood the motor research above and has come to the
conclusion that the use of SPI would be the best match for this project. This is due to
advantages such as; simple hardware interfacing and slaves use the master

microcontrollers’ clock, and don't need precision oscillators.

3.9) Programming
Programming is a vital part of this project and to this means the author has researched
different programming languages. Below are a few programming languages, with specific

individual descriptions.

7. C Programming

C programming is a fast language to use and isn't as object oriented compared to other
programming languages but not as powerful. C programming is also favoured among

students due to the fact it is very popular in the gaming industry.

8. C++ Programming
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C++ is more suited to large projects because it has an object-oriented structure. The object-

oriented structure also allows code to be reused, which shortens development time.

9. Assembly language

Assembly language is a low-level programming language used to interface with computer
hardware. Assembly language uses structured commands as substitutions for numbers

allowing humans to more easily read the code versus looking at binary.

10. Pseudo code

Pseudo-code is a detailed and readable description of what a computer program needs to do
Pseudo-code is usually shown in a natural language rather than in a programming language.
Pseudo-code is sometimes used as a detailed step in the process of developing a program.
Pseudo-code can be inspected by the team of designers and programmers as a way to
ensure that actual programming is likely to match design specifications as a cost saving

strategy.

3.91) Programming conclusion
The author has read and understood the programming research above and has come to the
conclusion that the use of C programming would be the best match for this project. This is

due to the fact that it is a powerful and fast language, which is favoured around beginners.

Chapter 4 Design and Implementation

4.1) Component selection Introduction
In this chapter the author selects between ranges of components and decides on which

components will be used in the project.




Oliver Casey Ellement

4.2) Microcontrollers
To select an appropriate microcontroller, the following information has been gathered and

placed in a table to achieve the goals of this project.

Micro-Controller & memory Selection Table
Function Scale Further information

Temperature 0-100 N/A

SPI 1 N/A

Power 0-5v N/A

Programmable memory 14-128KB N/A

RAM 256-40968B N/A

Program memory size | &-64Kwords N/A

Internal oscillator 16MHz, 32kHz N/A

watch dog timer N/A N/A

Table 1 microcontroller selection

4.3) Microcontroller sourcing

For this project the author used the search engine on the microchip website. After much
deliberation the author has chosen to use “PIC16F1516" as it meets all the requirements set
out in this project, and could even be used in upgraded versions of this project, as it exceeds

the required specifications.

4.4) Packages

Containment for the finished product will be designed in a way which would make it
impossible for an intruder to detect. This urban camouflage must be big enough to hold the
finished product and protect it from hazards which may come with the camouflage. For
instance if the project was fitted to the bottom of an umbrella stand then the project would
have to be water proof, to deal with the amount of rain water. When the product is out of the
prototype stage, the author will be able to adapt the design to fit in a range of house hold

products allowing the finished product to hide in plain sight.

{ =)
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4.5) Connector specification
Connectors are a vital requirement in any PCB build, they're used to connect and disconnect

PCBs from other PCBs or PCBs to an external connector.

Due to the way the author has designed this project there is no need for connectors as every
component will be soldered to its respective PCB. The only connectors that will be required
are: a nine volt PP3 battery connector and two crimped connections for the twelve volt
battery. At this point there has been no cost involving these connectors. As this project is

only on the prototype stage the author was able to find these connectors with no charge.

4.6) Power
The power supply for this assignment will have to be able to power the entire sensor and last
for at least a couple of days as specified in the requirements for this assignment. Below is a

table of the sensor and the power consumption to help determine how big of a battery is

Power supply table for alarm module
Devices Current MNumber of devices
Rf Tranciever 26uA 1 per module
Battery capacity (26uA)(1hr) 93.6mA
Battery over 24hrs (26uA)(24hr) 2246.4mA
Battery over 1 month | (26uA)(30days) 67392mA

67Ahrs = 1 month
134Ahr =2 months
201Ahr =3 months

Table 2 Power 1

required.
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Power supply table for sensor module
Devices Current Number of devices
Rf Tranciever 26uA 1 per module
PIR Sensor 3mA 2
Battery capacity (6mA)(1hr) 23.7A
Battery over 24hrs (26uA)(24hr) 520.6A
Battery over 1 month | (26uA)(30days) 15619.4A

Table 3 Power 2

4.6) Battery selection
The total estimated ampere hours required for the battery in this assignment for at least a

couple of days, so below is a battery that has been selected to supply this.

Sensor module battery selected: Horizon 12v 7.2Ah Sealed VRLA battery, which should last

a few days to a week.

Alarm module battery selected: Common brand 9v PP3 battery; which should last, in theory,

a month.

4.7) Infrared sensors

Though there were many options between sensors for detecting movement, the author has
decided that PIR sensors would be the best option for the project. Infrared sensors detect
changes in the amount of infrared radiation in the area around the sensor. The amount of
infrared radiation depends on the surface temperature of what's in the surrounding area;
objects around the home such as a chair with have very low levels of infrared radiation
coming from it if any, but people are warm blooded so the amount of radiation coming from
them is noticeable to a sensor. Below are a range of PIR sensors and their features, which

are found on the market and can be used in this project.
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1. Wide Angle PIR sensor module (Wide-angle) from RS components, RS Stock

No.843-0840

Features include: one hundred and eighty degree vision for wide area motion detection; a
detection range of ten meters; optional night-time mode for better detection after dark;
adjustable sensitivity; movement detected light emitting diode; optimised for infra-red
wavelength range from fifty five hundred to fourteen thousand newton meters; power
supplied is three to six volts with three milliamp current; Idle current for this device is one
hundred and fifty micro amps; and operating temperature range is from zero to fifty degrees

Celsius.

2. Dual Pyroelectric Infrared Sensor 45deg from RS components, RS Stock No.721-

4912

Features include: gold-plated pins for better continuity; seventy degree motion detection; a
detection range of ten meters; power supplied is two to fifteen volts; and operating

temperature range is from minus forty to seventy degrees Celsius.

3. PIR (Passive Infra-Red) sensor module from RS components, RS Stock No.781-3024

Features include: Motion detection up to ten meters away, or up to five meters in reduced
sensitivity mode; supply current up to twelve milliamps at three volts and twenty three
milliamps at five volts; on board light emitting diodes that light up the lens for visual feedback
when movement is detected; small size makes it easy to hide; easy interface to a
microcontroller; power requires three to six volts, one hundred at thirty micro amps idle
current and twenty three milliamps when activated; and operating temperature range is from

zero to fifty degrees Celsius.
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4. Gardtec PIR Motion Detector, White Light Inmunity, 12m Gardscan from RS

components, RS Stock No.493-1289

Features include: a one hundred and ten angle of coverage; range adjustment; three
selectable pulse counts; high quality low noise pyro sensor; white light filter; and motion

detection up to twelve meters away.

PIR Sensarselaction
Sensorname orstock number |Degree ofvison lengthofvision [Voltage |Amperage (ile urment Temperature range |Pulse count Dimensons. ~ [Bemusfeatures (ogt
R stook o 43 08 W Imo | 3| h | 1A | B WA | %08202nm Nighttime mode (8
Réstock Ko, 21812 i) NA M5 WA [ WA 0 NA | A7dm2dmm WA (s
RSstook o 71304 w Imo | 3 | 08| 104 050 WA (35805420 3o reduoed serstity mode &easy o interfae with microntrolles | €720
RS stonk Ho. 493 288 w B [958 NA | NA WA 4| YoSlaiBmm Tamper ook whitelightimmuniy, acjustable (06l

Table 4 PIR sensors

4.8) PIR Sensor selection conclusion

After gathering all the relevant information on the PIR Selection spread sheet above the
author concludes that the PIR sensor that is most suitable to this project is RS stock No.781-
3024. This is due to the fact that is has one of the highest degrees of vision, one of the
longest vision lengths, with one of the lowest power consumptions, and it is easy to interface

with microcontrollers.

4.9) Transceivers

Though there were many options between communication devices, the author has decided
that radio transceivers would be the best option for the project. A transceiveris a
combination transmitter/receiver usually on a single PCB. Radio transceivers are mostly
used in communication systems and two way radios over a short distance. Applications
include: Wireless PC Peripherals, Sports watches & sensors, RF remote controls for
consumer electronics, Home & commercial automation, Active RFID, and tracking systems.
Below are a range of radio transceivers and their features, which are found on the market

and can be used in this project.

(=)
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1. RFM12B-52 Wireless Transceiver - 915MHz from Robotshop.com

Features include: SPI compatible interface; a high data rate of up to one hundred and fifteen
killer bits per second, in digital mode; a wakeup timer; a two to three point eight volt power
supply; analogue and digital RSS| outputs; a differential antenna input; automatic antenna
tuning; sixteen-bit RX data FIFO; PLL and zero IF technology; high reseolution PLL with two
point five Killer Hertz step; programmable TX frequency deviation from fifteen to two hundred
and forty killer Hertz; programmable receiver bandwidth from sixty seven to four hundred
killer Hertz; analogue and digital signal strength indicator; internal data filtering and clock

recovery; and a ten Mega Hertz crystal for PLL timing.

2. MICROCHIP MRF24J40MA-I/RM RF MODULE, TXRX, 250KBPS, PCB ANT, from

Farnell, stock No.1630202

Features include: a data Rate Max of two hundred and fifty Killer bits per second; a
frequency of two point five Giga Hertz; supply voltage of two point five volts and a max
supply voltage of three point five volts; a supply current of twenty three milliamps; an
operating temperature Range of minus forty to eighty five degrees Celsius; frequency
Range of two point five gigahertz; an integrated 20 MHz and 32.768 kHz oscillator drive; low

current consumption; up to one hundred and twenty one meters range.

3. NRF24L01P-T, RF Transceiver 2.4 — 2.484GHz, GFSK, 1.9 — 3.6 V 20-Pin QFN -

EBay £3.95

Features include: a radio frequency range up to two point four gigahertz; radio frequency
power output of up to zero dBm; one to thirty two bytes dynamic payload length; packet
assembly and disassembly; address and CRC computation; auto ACK and retransmit; host
communication with serial SPI up to ten Mbps with Tx and Rx 32-byte FIFOs; Power Supply:

od two to three point five volts.
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4, eRICY, RF Transceiver 868 — 870 MHz, 902 — 928 MHz, FSK, MSK, Dual Band 2.4 —

6 V 24-Pin TXCVR from RS components, RS Stock No.786-9578

Features include: a CC430F5137 SoC, MSP430-core, thirty two KB Flash memory, four KB
RAM; an embedded eROS Operating System; a carrier Frequency of 868/915MHz ISM-
Band; max RF Output Power of seven dBm; receiver Sensitivity of minus one hundred and
ninety dBm at one thousand two hundred bps; max RF Data Rate of five hundred kbps; max
host data rate of one hundred and fifteen kbps; AES-128 data encryption/decryption; a
programmable user GPIO; a communication serial UART with RTS/CTS handshaking; on-
board temperature sensor; U.FL connector for an external antenna; on-board three point
three volt LDO voltage regulator; a power supply of two point four volts to six volts; and the

operating temperature range is minus forty to eighty five degrees Celsius.

4.91) Radio Transceiver selection conclusion

After gathering all the relevant information on the Radio transceiver selection spread sheet
above, the author concludes that the transceiver that is most suitable to this project is the
NRF24L01P-T transceiver. This is due to the fact that it has a good voltage range, with low
current consumption, auto packet handling, the longest range, it is the cheapest, and comes

highly recommended.

Table 5 Radio transceiver

Radio Transceiver Selection
Name of sensor or stock number [Voltage |Current [ldle cument [SPl interface |Frequency range |Low power operation Datarales'humpadethandeling Range | Cost
REMI12B-52 13-38v|%mA  |03uA yes 433/868/915MHz [yes 115.2kps |N,M N/A 488
Stock No.1630202 24-36v|8mA  |Jud no 2.4GH: yes Blkps  [N/A 61.8m |£6.40
NRF24L01P-T L9-36v|LmA [26ult yes 1.46Hz yes Blkps  yes 100m |£3.95
RS Stock No.786-9578 246v [15-33mA |L8uA no 015MHz no S00kps o NfA |£9.54
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4.92) Motors

Though there were many options in the way of alerting a deaf and or blind people such as
light emitting diodes and sounds recordings, the only universal way to alert such people is
via an electric motor. The author has decided that direct current motors would be the best

option for the project due to their simple and small structures.

1. Coin DC vibration motor — Flux workshop Ebay £2.29

This vibration motor is a simple, very small, and capable of producing a vibration somewhat

similar to a powerful mobile phone vibration.

Features include: a small compact coin shaped dc motor with one thousand two hundred

revolutions per minute, at a three volt input.

2. DC 3.7V 66000RPM 4 x 12mm Wired Micro Coreless Motor — Ebay £2.65

Features include: a cylindrical shape with a power supply of three point seven volt at sixty six

thousand revolutions per minute.

3. Pico Vibe 10mm Vibration Motor - 13mm Type, from Precision micro drives, model

number: 310-112

Features include: a cylindrical shape with a power supply of one point five volt at five

thousand revolutions per minute, and a typical operating current of thirty two milliamps.

4. Seeedstudio Grove Vibrating Motor by Robotshop.com, product code: RB-See-210

Features include: a cylindrical shape that is grove compatible, with low power consumption,

high reliability, and at the same time programmable.
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Motor selection
Name or stock number |RPM|Voltage|Current| Shape Dimensions |Weight| cost
Coin DCvibration motor |1200( 3v 90mA | circular 10x10x3mm | 2.68g |£2.29
DC micro coreless motor | 66k | 3.7v N/A |cylindrical | 3x0.7/4x12mm| 4g  |[£2.65
Pico vibe motor Sk 1.5v | 32mA |cylindrical 10x13 bg N/A
Seeedstudio Grove motor | N/A| 3-5v N/A |cylindrical| 20x20mm N/A | NfA

Table 6 Motors

4.,93) Motor selection conclusion

After gathering all the relevant information on the motor selection spread sheet above, the
author concludes that the motor that is most suitable to this project is the Coin DC vibration
motor. This is due to the fact that it has a good voltage and current consumption range, its

shape, dimensions and weight are perfect for the project, and it is the cheapest.

4.94) Table of components, costs, and quantities

Below is a table showing the list of components, products, & costs involved with assembling
this project as a prototype. After concluding the selection of the main components on
previous pages, the purchase of secondary components was needed to connect the primary
components together. These secondary components are included in the table below as well

as the primary components.
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Table of components, costs, and quantities

Components Number of packs|Quantity| Costs | VAT Retailer Stock number
Linear voltage regulator, L780SCV 5v 1.5 1 5 £160 | 20% RS Components No.298-8514
Reg standard lin fix pos 3.3v 0.5A 3-pin 1 5 | £298 | 20% RS Components | No.661-6737
MOSFET N-CH 0.23A 60v 3-Pin TO-92 1 25 | £540 | 20% RS Components | No.879-3274
MCU, PIC16F1516, 14KB Flash, 2.3v-5.5v 2 4 | 462 | 20% RS Components | No.737-7868
PIR (Passive infra-red) sensor module 1 4 £28.8 | 20% RS Components No.781-3024
Horizon 12v 7.2Ah sealed VRLA battery 2 2 | £2496 | NA | FluxWorkshop-Ebay NA
NRF24L01 + 2.4GHz anlenna, iransceiver 1 10 | £1315 | NA | FluxWorkshop-Ebay NA
3v Cain vibrator micro motor 10x3mm flat 2 4 | £458 | NIA | FluxWorkshop-Ebay NA
v PP3 Duracell battery 1 2 £985 | NA Tesco NA
Sv PP3 battery connector 1 1 £025 | MNA |Market merchant - Neath NA
Bourns 91 Series, Potenfiometer 10kQ 1 1 £5.26 | 20% RS Components | No.522-5210
Bread boards 0 4 0 0 UWTSD NA
10uf Capacitor 0 10 0 0 UWTSD NA
10k resistor 0 4 0 0 UWTSD NA

Total cost = 108.7115

Table 7 Costs

4.95) Table of components, costs, and quantities conclusion

The purchasing of these components was done solely by the author with no outside funding

or sponsors. This is due to the job position the author currently possess and the company

the author is currently employed, not requiring the author to complete a degree or needing

the author to design such a product.
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4.96) Flow charts

1. Software flow chart for sensor unit

Below is a prototype software design diagram created by the author for this projects finished
product. The program will start then wait for the sensors to be triggered; if a sensor is
triggered then a code will be transmitted, if the code is received on the other end the same
code will be transmitted back to the receiver of this device which tells us that the program is
working. If there are no problems then the code will proceed to buzz the motor, and then
repeat the program. There is also a handshake code which lets the devices communicate
with each other without triggering the direct current motor, this code tells the devices that
they're both working correctly; if this code isn't received every hour then an error code is

generated then the direct current motor is

Start Program
»{ Sensor 1 tripped? Sensor 2 tripped? » 1 hour timer
& ;
@ @ @ @ Transmit code 3
Y
Transmit code 1 Transmit code 2 Receive code?
Y Y z j @

Receieve code 17 Receieve code 27

Error code 2 loop 3 times then buzz motor

Error code 3, buzz motor

Repeat program

Figure 20 sensor unit diagram
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2. Structure flow chart for sensor unit

Below is a prototype structure design diagram created by the author for this projects finished
product. The structure will start with the power source, in this case a twelve volt battery, the
power supply will then be regulated down to three volts and then in turn power the
microcontroller. The microcontroller will then proceed to follow the program described on the
previous page and control the function of the sensor one, sensor two, the direct current

motor, and the radio transceiver.

12v Battery

v

3v regulator]

PIR Sensor #1

T ——
it

PIC16F1516 —>» DC motor

PIR Sensor #2 SPI communication
NRF24L01 Transceiver
RS232 Transmission to alarm unit RS232 Transmission from alarm unit

Figure 21 sensor unit structure

—

]
60 |
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3. Software flow chart for Alarm unit

Below is a prototype software design diagram created by the author for this projects finished
product. The program will start then wait for s code to be transmitted from the sensor device,
the code will then be received on the device before then it will repeat to code and transmit it
back to the sensor device to confirm operation. Depending on the code received the
program will then proceed to buzz the direct current motor, There is also a handshake code
which lets the devices communicate with each other without triggering the direct current
mator, this code tells the devices that they're both working correctly; if this code isn’t
received every hour then an error code is generated then the direct current moter is

triggered.

Start Program

& (=

| Transmit received code, camy on program |

|mmm1?,"lammom| Receive code 37

——h Y 0’\% i

Run molor for 2000ms, siop for 1000ms, run motor for 2000ms. ‘

Runrrmhthrzﬂmnl

Repaat program

Figure 22 alarm unit diagram

—

]
61 |
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4, Structure flow chart for Alarm unit

Below is a prototype structure design diagram created by the author for this projects finished
product. The structure will start with the power source, in this case a nine volt battery, the
power supply will then be regulated down to three volts and then in turn power the
microcontroller. The microcontroller will then proceed to follow the program described on the

previous page and control the function of the direct current motor, and the radio transceiver.

9v Battery

v

3v regulator

DC motor €————— PIC16F1516

SPI communication

NRF24L01 Transceiver

AN

RS232 Transmission to sensor unit RS232 Transmission from sensor unit

Figure 23 alarm unit structure diagram
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4.97) Proteus design of sensory unit

Below is a Proteus design of the authors' sensory unit. This unit is designed to pick up
motion via the PIR sensors, the PIR sensors would then trigger a high output which the
microcontroller will pick up. The microcontroller will then proceed to send this data via the
radio transceiver to the alarm medule (alarm Proteus design found on next page). The below
sensory unit is powered by a twelve volt battery which is then regulated down to three point
three volts. The radio transceiver and the microcontroller are fitted with a ten micro farad
capacitor across its input voltage and ground to smooth out the noise in the circuit. In this
circuit you can also see that there are push button switches attached to the PIR sensor
connections; these switches are used to simulate the high output that the PIR sensors create
when motion is detected. Unfortunately Proteus does not possess PIR sensors in the
component register, this is why the switches are used. The code for this unit is described in
the software flow chart in previous pages named “Software flow chart for Alarm unit”. In SPI
terms the microcontreller in this circuit is the master microcontroller, and the microcontroller

in the alarm unit is the slave.
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Figure 24 Proteus sensor unit
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4.98) Proteus design of alarm unit

Below is a Proteus design of the authors' alarm unit. This unit is designed to pick up the
radio transmissions from the sensory unit (found on previous page) via the radio transceiver,
send the microcontroller will read the code that it has received and act on that code by
turning on the voltage to the direct current motor. In this circuit the power is supplied by a
nine volt battery which is regulated down to three point three volts. The code for this unit is
described in the software flow chart in previous pages named “Software flow chart for Alarm
unit”. In SPI terms the microcontroller in this circuit is the slave microcontroller, and the

microcontroller in the sensor unit is the master.
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Chapter 5

5.1) Conclusion

In the beginning of this project there were a few key aims and objectives that were stated.
Firstly the finished prototype must be able to sense intruders; this objective was
accomplished as after the author tested the components, the PIR sensors were shown to
have a high output after movement. Secondly the finished prototype must be able to alert the
client to the presence of an intruder; though the author hasn't been able to prove this before
the hand in date for this project, the parts the author has purchased do work. Thirdly the
device must be portable, after the author assembled the prototypes the author found that the
individual devices are portable, but the sensory unit depends on its urban camouflage and
this might affect its portability depending on what it is hiding within. Fourthly, the product
must last at least a day without needing recharging; the author has made sure in the design
stages that the power of both units should last at least a week without needing recharging.
Fifthly, the product must be able to differentiate between moving in animate objects and life
forms; the author has made this possible by using PIR sensors which work off infra-red
radiations so theoretically moving inanimate objects shouldn’t set off the alarm. Sixthly, the
finished product must function for the deaf and or blind; the author has achieved this by
using a direct current motor to vibrate which both the deaf and the blind will be able to feel.
Seventhly, the product must be able to communicate with the client over a distance; though
at this time the author cannot prove this, the NRF24L01 transceiver should be able to
communicate to over ten meters in doors according to the data sheet and online forums.
Eighthly and lastly, the product must be affordable; the author believes that if this product
was to be mass produced then parts would be bought in bulk which would lower the overall
cost per unit and since the cost of the prototype was one hundred and eight pounds then
even after further development and extra costs such as the urban camouflage and
packaging the cost per unit can be reasonably halved, which makes the product cheap

enough for the average person.

(&)
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The author concludes that though the research is correct, and the selected components are
correct, the finished prototype does not function at the time of the hand in of this report. This
was found by testing each component separately in both the sensory unit prototype and the
alarm unit prototype. The author believes that this is due to in sufficient knowledge into C
programming and it is the program that is preventing the project from functioning correctly.

The author hopes that this issue will be resolved by the last viva.

The authors’ project on creating a security system for the deaf and or blind will improve
people’s lives across the UK by providing them with a sense of security which they have lost
already or are losing gradually with time. This will be achieved by placing sensor modules in
the home in plain sight with the aid of its urban camouflage. This urban camouflage will
make the product invisible to potential intruders. These camouflaged sensory units will

interact with a main alarm unit which the client will carry with them within their home.

If there were an intruder in the home when this system is in operation, the sensor would be
triggered by the intruder's movement. This would then signal the alarm unit which will signal
the owner with vibrations. Vibrations are used as touch is a common sense that everyone
has. The alarm would vibrate to the tune of the specific module that has been triggered,
telling the home owner where exactly in the home the intruder is. This would give the home

owner time to decide on his/her strategy on how to deal with the situation.

Though this is an excellent goal for the future, the authors' lack of knowledge in C
programming will have to be acknowledged, acted upon, and overcome to make this goal

possible.
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5.2) Recommendations
In conclusion, the author is believes that it would work and achieve the goals set out in this
project. But he also believes if this product were to be produced it would benefit from certain

improvements.

Below are a few suggestions which could improve the design if found necessary:-

Longer battery life

If you were to increase the battery life, consumers would benefit from being able to use the

end product more than once without re-charging or replacing the battery.

Wireless sensors

If you were to make the end products sensors wireless; consumers would benefit from easier
installation of the end product, and reduce the time required to move the product from one

place to another.

Built in solar panel

Adding a solar panel to the system would enhance the battery life of the system and could
theoretically power the system so that it would not require recharging or replacing the

battery.

Incorporating a PC

If you were to incorporate a PC into the design, consumers would be able to look at the data
recordings throughout the day or night, and the data could be taken and presented without
taking out the circuit hub and taking it to a PC; Which would increase the over-all

attractiveness of the end product and give it more function-ability.
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Logging Data

Adding memory to the product would make it able to record movement as well as alert the
client, and if for some reason the alarm failed then the recordings would give a time and a

place of the movement for future use.

Size

Currently the sensor unit it rather sizeable due to the size of the battery. If a smaller battery
with the same out-put was used then it would be much easier to fit the unit into spaces and

urban camouflage.
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Chapter 6

Reflection
This project has supplied the author with a wealth of knowledge. It has shown the author
how to go about designing a project, what to do while designing a project, and what not to

do. It has also shown the author his strengths and weaknesses in designing a project.

The author has learn how to decide which components to select, how to place theminto a
circuit, and think outside the box when it comes to these circuits future possible problems,
such as cooling or water proofing. One of the most important lessons the author has learned
it how to properly source a microcontroller for the desired circuit, as the author ordered a
slightly over powered and more expensive microcontroller than he needed, as since the
author was funding this project the potential wasted funds due to this is not pleasing. The
author also realises that making a mistake like purchasing an overpriced component which

he did not need could potentially upset future employers.

The author has learnt the importance of accurate research, during the build of the final
prototype of this project the author over looked a crucial part in the communication between
the sensory unit and the alarm unit. The research the author has overlooked was SPI
communication and the programming of this with C language, and this could very well be the
cause of the lack of function with the finished prototypes. In future the author will do more
research and implementation into serial peripheral interfaces and C programming to assure

this problem will not reoccur.

The author believes that this project has also changed him as a person. During this project
the author admits that he has procrastinated profusely which has caused him to lose a large
amount of marks. In future project the author believes that he would have learnt from these

mistakes and keep on top of any future work, to achieve a higher quality of work.
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Chapter 7
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Appendix

1. Full size Gantt chart.
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Figure 26 Full size Gantt chart
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2. Program code for sensor unit

unsigned
1 Fnozt iat

T
15 wvoid TIHERL iar(weid)

17 oounter++;
18 suTpat_Taggle (PIN_BO) @

208 if [counter==_0d)

22 timerflag=1;
23 = P

-

a7
28  void main(}
2381

30

n unsigned
32 unsigned
33

.11 setup_timer
35
=1
17
3%

1T1_INTERNAL|T1_DIV_BY_#);

MASTER | SPI_H _TO L | SPI_CLE D
nterupte (INT_TIMERL);

SZZURTa (GLOBAL) ¢

=

Figure 27 Sensor unit code 1
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welld
2 eparle im
EL] cucpuc_C{0) )

41 wiile {TRUE}

/f check pin al if set, bhen et

]
B

¥
4

hiledfbyte_for_tx = data_in) & (cimeous<d))

€ apa_wrate| byse_fez_tm b
in = gpL_zemdd):
58 mummsmE s

£ auEpur_low(RIN_CE) ! s

&€ 12 (imput{PIN_AT)} A oe
Lal=] r

1] auEpur_kigh (FIN 062 /f set pin BI
[ hyte_for te=13
70 Timecat=0;
71 while( [byte for tx U= daca in} £ (timesut<d))
128 i

73 Fpi_wTite| DyTe_Ior_TE b

74 @ in = spi_readd():

78 Cimeous+sr

en=R s=r pin B3

Figure 29 Sensor unit code 2

] T1meout+4}
78 bugz_timeout ()’
73 ¥
TR
79 eloe
0B t
B cutput_low (FIN_Cé); Elear Pin BS
81 1
B3
1.1} iT(Timerciag)
LIS i
1] cutput_toggle (PIN_CE) 7
a7 timerflag=
o8 byte_for_tx—OxiA:
L1 while|(pyTe for Tx '™ 4aTa 1n) & (Timecus<d))
08 t
1 spi_write| byte for tx );
a2 data_in = spi_zead();
83 Timeout++:
24 buzz_timeout () ;
1] }
96 1
a7
E L)
29
i8e /S Eransmit
101 if (byte_for |
1w02E i
103 printe| LByTe_for TX);
04 }
105 delay == (100) 7
106
107
108
105
110
111 weid buzz_

12280 ¢
m

imegut (void}

Figure 28 Sensor unit code 3
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109

1io

111 wold buzz_timeout (void)
1128 {

113 while (true)

114 & (

115 output_toggle (FIN_A1);
1is delay_ms(500):
117

118 b

1159

120 1

“l i 1

Figure 30 Sensor unit code 4

anel] | manh ) ]
1 Hinclude <16F1516.h>
2  #device ADC-LO
3
4 POT //Foyer Up Timayr
[ Clear pin used for I/0
L]
7
-] 8 NOCLEOUT
g IESD mode anablad
10 i
11
i
13
14
is
16 ¢r B5(PIC1E) used for I/C
17
a8 delay al=18MHz)
19 a3z (b 9600, parity
20 apt (MASTER, SPIl, MODE=
21

Figure 31 Fuses for sensor unit
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3. Program code for Alarm unit

manc B

include <main.n>

TRUE

20 cutput_high(FIN_BO);

23 commana=getch ()
0 Lf (commandss )

118 {

AR
3 princt{ » CoOmmand) ;
35 sutput_high (PIN_Al);
36 delay ms ’

1 output_low (PIN_AL) :

Figure 32 Alarm code 1
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anc
29 commangTgeTen ()
n if (command== ]
ng L
a3 F/ eode §
n /# bazr motor ¢
EL] pELsss| » GoEmand) §
EH] sutpus_high (FIH_A1)
36 delay ms|50);
£} suepue_low(PIN_AL):
£ L]
39 1
40 Af (oommandes"1)
LHec] i
EH -
L] B cor 3
4 prineg( » cummand)
[H sutpur_high (FIN_X
L1 delay_ma |50
7 suTpue_low(PIN_Al):
4 delay ma(100):
45 cutput_high (FIR A1)
50 delay ms|50) 7
5 sutput lew(PIN_Al):
a2 1
53 if {ccamand== ]
4B {
55
56
57
Ll
59 }
&0 ]
61 }
L
&
&4 1
{11
Figure 33 Alarm code 2

manhEd |

include <16F1516.h>
$device RDC=10

#FUSES PUT

i

2

3

4 S/Powar Up Timer
5 4FUSES

&

7

B

L]

HOMCLR AfMaster Clear pin usad for I/0
#FUSES WOFROTECT /Code not pro od from
BROWNOUT //Resst when brownout det
HOCLEOUT A/I/0 function on O5C2E
IESO rnal Sritch Over mode enabled

g SfFa1l=safe clock monitor enabled

11 //Program mamory Dot Write protactesd

12 FVCAP pin disabled

i3 Si5tack full/u rflov will cause reset

11 A/ /Brovnout reset at 2.5V

15 #/fLov-Pover Browvnout reset is enabled

is F/¥e lev veltage prg=ing, B3(FICIE) or BE(FICLE)
17

B

1§ fuse reai2bwm
200 duse api ([MAS

Figure 34 Fuses for alarm unit code
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4. PDFs

All PDFs on components will follow this document in electronic format on a USB.
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