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Situation

They say that necessity is the mother of all creation. Well my 
chosen project was thought of when I saw a need that would 
benefit from its creation.

I was travelling on holiday and I saw the “induction loop” 
symbol for people with a hearing aid, one of its functions 
was to make the overhead audio announcements clearer and 
to remind all people when flights are boarding. What if you 
were totally deaf, and especially if you were travelling on 
your own? Would that mean that you just had to sit and 
watch the departures board? Then I thought what if there 
was a fire alarm, how would that be noticed?    

Project Brief

My project is to create a system or device to deliver notices 
that would normally not be heard by deaf people, such as 
airport announcements, or emergency warnings. 

Initial Specification

•Messages must be received quickly, reliably and in real time.
•Messages must be easy to understand.
•The system needs to be easy to use and install.
•Any cost need to be kept low to make it more available.
•It needs to be portable.
•The system needs to draw attention without sound.
•It needs to be hard wearing for everyday use.
•The final design must be ergonomic and aesthetically pleasing.   
•Messages need to be received wirelessly.
•It needs to warn of emergency situations like fire.
•A memory will used to save past messages.
•A simple user interface needs to be developed.



Nottingham High School

Design and Technology:

Systems and control 

Hussam EL-Sheikh Page 2

Production of 
initial project brief 
and specification

Background 
Research

Writing of Project 
progress 

Research into 
project

Prototyping 
individual circuit

Final specification

Case designing

Quality control 

Build completed 
prototype 
breadboard 

PCB production Testing Circuitry  

Assembly   

Final Testing and 
evaluation

Pert chart

I have produced this pert chart as a guide to the path I will take on this project
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Induction loop system

If you are a service provider and you fail to make adequate provision for 
the hard of hearing, you could face prosecution, as the new legislation 
came into force with effect from 1st October 2004.

The induction loop system is installed in many places to aid the hard of 
hearing

How does it work?

By strategically placing a small microphone and transmitter (i.e. on the 
counter or in the ceiling) all sounds are picked up and re-transmitted 
instantly via a boosted radio signal locally into the room.

Any person wearing a hearing aid has the option to switch to the 'T' 
position enabling them to receive the boosted sounds via their earpiece.

Other services

Many of the main UK airports offer 
services to aid hard of hearing 
passengers. Heathrow, Stansted, 
Glasgow all have a help points and have 
payphones that are specially adapted 
for hearing aids. However Birmingham 
airport as well as the induction loops 
system they have radio alert devices for 
fire alarms. 

Background Research

What is available in terms of systems or products for the deaf or hard of 
hearing?  

Hearing aids

All parts of the hearing aid work 
together to amplify sound. The 
microphone changes sound waves to 
electrical or, in some instruments 
digital signals. These signals pass 
through the amplifier of the aid and 
are made louder. The amplified 
electrical signals are changed back 
into sound waves by the receiver and 
are channelled into the ear.

Heathrow Help point

Hearing aids

Conclusions

In my background research I have found no similar system or product 
to my intended project. The induction loop system and hearing aids 
provide excellent systems for the partially deaf, but unfortunately 
does nothing for the totally deaf. 

Birmingham international airport however have a radio alert for fire 
alarms. Unlike my system though it‟s only local to that airport, I 
intend on a universal system and a signal unit to receive such 
messages.  
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Wireless communications

SMS; mobile phones

The mobile network has expanded tremendously over the past 10 years, there is now a comprehensive network 
covering the whole world. 

The network is already set up and the mobile phone is already set up to sent messages across that network. A 
substantial number of people own a mobile phone and so they would be familiar with the messaging facilities and be 
comfortable using it. There is also the advantage of addressing each message to a specific person using their mobile 
phone number.

However there are major problems, the SMS service does not operate in real time so a reminder about a flight may 
not be received or more importantly a fire alarm. The network also is not free, mobile phone companies pay to use the 
network and then the cost comes down to the customer. Some people may pay for a once a year reminder for flights, 
however for a deaf person who will use it to help them would not expect to pay for such a service. 

Bluetooth and Zigbee

Bluetooth and Zigbee are both forms of short range 
radio based systems. They were both designed to 
create a free short range network for electronic 
devices to communicate with each other. The better 
established version is Bluetooth which has been 
around for a few years now and is used in a wide 
range of application such as wireless keyboards and 
data transfer between mobile phones. Zigbee is a 
newer arrival and was developed by a coalition of 
companies who wanted to also create a free short 
range network between electronic devices. The 
advantage of Zigbee over Bluetooth is that it uses 
less power and also is smaller in size. 

Zigbee

On device that provides Zigbee communication is the Xbee 
radio module by Maxstream. It operates a 2.4 GHz frequency 
and the pro version has a range of 100m. The Xbee can be 
programmed through a serial interface circuit by a computer. 
It is compatible with the popular microprocessor series 
PICAXE; this allows a wide verity of functions to be preformed 
with it. 

The Xbee module is very easy to use especially in conjunction 
with a PICAXE system. The Xbee can be programmed with its 
own number for identification allowing it to select which 
messages are intended for it, in a similar way to Ethernet.     

Bluetooth

Bluetooth modules are available to buy one such model 
by LINKMATIK. It has a fast data rate of 50Kbits/s and a 
large range of 100m. It is self running and needs no 
commands to run; it can pair up with other Bluetooth 
devices such as PDA‟s or mobile phones. It has data 
encryption and PIN for secure data transfer.

However it is significantly more expensive that the Xbee 
system.   

LINKMATIK Bluetooth module

This is the Xbee starter development pack from Revolution education one of the PICAXE system suppliers. This kit 
provides everything for a total novice to learn and understand how to use the Xbee system. It‟s coupled with the 
PICAXE system providing basic demonstrations of the use and functionality of the system. 

The PICAXE program compiler also has an “Xbee wizard” function which allows the settings of the Xbee itself to be 
set easily.

Xbee development kit. 
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Radio Control

To the right is an AM transmitter and receiver, this transmitter has a range of 
50 meters, which a good distance. The signals can also be coded, that gives 
me many different signal combinations which I can use to control different 
things, such as the outputs. There is also an FM radio available. This is a lot 
simpler than the Xbee and Linkmatik and it has a very low data transfer rate 
and it would not be suited to carry a lot of information. 

This FM transmitter and receiver pair enables the simple implementation of a 
data link at distances up to 75 metres

In-building and 250 metres open ground.

One way of coding the radio 
signal is by using the HT-12 
series encoder chips. You set 
the code by switching the code 
pins high and low, and then 
you set the same code on the 
receiver. Once a correct code 
arrives at the receiver it will 
send out a high signal.

Screenshot of the Xbee wizard  

Conclusions 

The simpler AM and FM radios are cheap, very easy to use and I have worked with them in previous projects. However for this application they are out of their 
league, they have a very small data transfer capability and do not integrate well with any type of processor.

The Xbee and Bluetooth options are more appealing they have an impressive data transfer rate and they both would be compatible with a PICAXE processor. The 
Xbee has the upper hand though it is considerably less expensive than a Bluetooth system and defiantly easier to integrate, thanks to the PICAXE system.

Wireless communications
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The user interface of any system is a very 
important feature; it needs to be easy to use and 
quick to learn. In my project I will need to create 
two separate user interfaces for the receiving 
and transmitting units. The two systems require 
two very different user interface systems.

One option for getting a message trough is using text; it will provide specific information and is easy to 
understand. I can see two ways of doing this for my project, either using a selection system to choose each 
letter, like a text message, or using a standard PS2 computer keyboard to input the letters to be sent.

PS2 keyboards 

In all keyboards, each circuit is broken at a point below each key. When you press a key, it presses a switch, completing the circuit and allowing a tiny amount of current to 
flow through. When the processor finds a circuit that is closed, it compares the location of that circuit on the key matrix to the character map in its memory. A character 
map is like a lookup table. It tells the processor the position of each key in the matrix and what each keystroke or combination of keystrokes represents. E.g. the character 
map lets the processor know that pressing the “A” key by itself corresponds to a small letter a, but the Shift and a keys pressed together correspond to a capital A. 

The PICAXE microcontrollers are able to interface with these keyboards using the “keyin” command. When a key is pressed its value is stored in a variable “keyvalue” (a 
variable is somewhere where data is stored temporarily). However the value are in “Hexadecimal” a somewhat obscure code, but by using a lookup table I can see what the 
Hex code represents e.g. $66 = backspace. The Hex causes a problem because I don‟t want any user needing to consult a lookup table to find out what they are typing. 
There is a program that can be downloaded onto the chips permanent memory that acts like a lookup table, and it will translate the Hex into decimal, the regular letters 
and numbers we use.

The use of a PS2 keyboard is very promising because with some more programming I can output the letters onto a screen so the user can see what is being sent.    

This circuit shows how to connect the keyboard to 
the PICAXE. The data line is sending the raw Hex 
data to the PICAXE. The clock like is sending a clock 
pulse. A clock pulse synchronises two devices to 
exchange information, the clock tells the PICAXE 
when to accept an incoming data package.

A sample program

Keyin                         “Wait for data from keyboard
Read keyvalue, b0       “Read the keyvalue and store it in variable b0 

This is the basic function of the keyin command, from this it can be 
expanded and other features can be added. 

EEPROM $00,("?9?5312C?A864?'?")

EEPROM $10,("?????q1???zsaw2?")

EEPROM $20,("?cxde43?? vftr5?")

EEPROM $30,("?nbhgy6???mju78?")

EEPROM $40,("?,kio09??./l;p-?")

EEPROM $50,("??'?[=?????]????")

EEPROM $60,("?????????1?47???")

EEPROM $70,("0.2568??b+3-*9??")

This is the program code that can translate 
the Hex values into decimal. This is stored 
on the PICAXE‟s memory, the $xx symbols 
represent a space in the memory and are 
called the addresses. E.g. the letter “a” is 
typed this is a $1C in Hex, using the internal 
lookup table the Hex code is converted to a 
decimal “a”

Using a keyboard is a good solution, they are easy to use and 
many people all over the world know hoe to use it thanks to the 
computer revolution. The fact that the PICAXE will accept any PS2 
keyboard means that the customer can supply their own 
keyboard, bring down my costs and the customer can have choice 
in what type of keyboard they want. 

The only issue maybe the size the keyboard will add to the device 
but as it‟s designed to stay in one place this should be no large 
problem.   

User Interfaces 



The key matrix The microprocessor and controller circuitry of a keyboard

Nottingham High School

Design and Technology:

Systems and control 

Hussam EL-Sheikh Page 8

Like on mobile phones messages are typed by selecting each character to appear on screen. A similar 
system could b used on my project to type. All characters A-Z 0-9 would be stored in a PICAXE memory and 
would be selected by a user.

This method is very simple to use and understand, however the amount of time it would take is going to be 
too long.

Conclusions

For the transmission end the two most viable solutions are the computer keyboard and the character selection 
system. The keyboard is an existing technology that the public are comfortable with, it‟s easy to use and 
inexpensive. Character selection is again very easy to use but it will take a long time to enter a message by 
one letter at a time. 

As can be seen some keys have the letters on 
them and the letters are selected by pressing 
they keys a certain number of times.

User Interfaces
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In any system information and data is being transferred and translated and outputted. It is the job of the processing unit 
to handle the responsibility of making sure everything is doing what it is supposed to, orchestrating the whole system.

In my project there is potential for a lot of complex operation and multiple devices working together. The processor that could control all of this is a PICAXE. The PICAXE system 
was first released by revolution education, during the microchip revolution. This is a type of microcontroller, currently well established in industry it replaces the traditional CMOS 
and TTL integrated circuits like logic gates. 

Microcontrollers are new electronic „single chip computers‟ that are rapidly being introduced into industry and education. The „PICAXE‟ system is an extremely powerful, yet low 
cost, microcontroller programming system, and it is very easy to use and understand. 

The PICAXE is designed to bring microcontrollers into education; they are very easy to use and easy to understand. They demonstrate a very wide rage of operations; they have 
onboard memory which can be programmed via the free programming software and come in four sizes. Their specifications are shown in the table below.

Monostable 

The period of delay is created by the combination of 
C2 and variable resistor VR1. The output pin3 is 
being used to control a LED, but could be used on 
other output devices. The monostable is triggered by 
pin2 momentarily low, by closing the switch the 
circuit could be made to switch a vibration motor on.

Astable

The pulse is created on the output pin3 
which is connected to an LED, or it could 
be connected to any other output 
component. The frequency of the pulse is 
controlled by the values of VR1, R1 and 
C1. By altering these values we can 
change the frequency of the pulses.

The frequency in Hz =  1.45

R1+ (2xR2) xC1

This could be used to make LED‟s flash on 
the product.

555 Timer

The 555 is a timer chip it can be used 
in two types of circuit.

Monostable

This circuit is used to create a time 
delay.

Astable

This circuit is used to create a regular 
pulse.

MonostableAstable

Conclusions

The PICAXE system is very impressive. 
Relatively new in the microprocessor 
world it has so much to offer. It has a 
lot of features and is extremely easy 
to use and understand. The serial data 
capability is very appealing and would 
make sending messages easy. The 555 
timer is a classic circuit, perhaps 
dieing out but not useless. The pulse 
created could easily drive any lights or 
motors. The 555 on its own however 
would not be able to do much, but a 
combination of PICAXE and 555 timer 
is promising. 

Processing
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When a message is received it needs to be outputted to the user in an understandable 
form. There are different ways to do this which will depend on what method I choose to 
send the message in the first place. My options include

LCD (liquid crystal display), alpha-numerical

Seven segment display

LED‟s

LCD

An alpha-numerical LCD screen is able to display characters A-Z numbers 0-9 
and some special characters. There are many different types of LCD screens 
on the market, offering a similar product but require different methods to run. 

Serial LCD‟s are one option; they are controlled by serial data source and a 
firmware chip. The serial interface makes them easy to use and they are 
widely available in different sizes.

This is the DEM 20232 SYH-LY a 20X2 line serial LCD screen. It can be operated using a 
serial firmware chip and a PICAXE. The PICAXE generates the serial signal which is sent to 
the firmware and then an output appears on the LCD screen. This would be able to display 
any textual messages I send

P 

I

C

A

X

E

F

I

R
M

W

A
R

E

LCD

The command to send data to the firmware is the “serout” command
Syntax:
SEROUT pin,baudmode,({#}data,{#}data...) 
The serout command is used to transmit serial data from an output pin of the microcontroller.

E.g. serout 7,T2400, (254,128, “HELLO”)

Serout 7:      select pin 7 to output the serial data
T2400:         the baud rate is 2400baud
(254,:          254 is the prefix with all serial LCD screens
128,:           This selects the first line as where to start showing characters
“HELLO”:      The characters I wish to display, in speech marks to show they are ASCII characters.

LCD Screen

LCD Screens
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This system is being designed with deaf or partial deaf people in mind. My project needs to alert a user to any 
incoming messages with the absence of hearing only four other senses remain sight, touch, taste and smell. Taste and 
smell can also be ignored because the appeal of a system that alerted you with a foul smell would be limited at best.

Vibration

Vibration is a common form of alerting someone, it‟s most common uses are in mobile phones and pagers 
especially items that are worn on or close to the body where the effect can be felt. I have already seen products 
intended for deaf people that employ this stimuli, including a watch with a vibrating alarm. 

Light 

Lights are also a useful way to alert people. They are used on road traffic lights, warning lights and may other 
applications. Importantly any light source must be clear and strong to grab attention. The effect of light on the 
brain has been researched and it was found that a green/yellow light was the most stimulating to humans 
however many people feel they are most receptive to red light, a colour associated with danger.  

Vibration is created by a 
vibration motor. The motor 
spins an off-centre mass 
very quickly to generate 
tiny oscillating movements 
that can be felt by a user 
as vibrations. 

This watch uses vibration instead of sound to 
alert its wearer. 

LED‟s

An LED is a diode made up of specific atoms, when a current is passed through the 
diode light is emitted.

LED‟s are a very efficient light source; they combine high intensity with low voltage. 
They also come in arrange of colours shapes and sizes. However they do have a 
small viewing angle.

Filament bulbs

The bubs are an evacuated space with a 
conductive filament in the centre, when a current 
is passed through it light is emitted.

These provide a large amount of light with a very 
large viewing angle. But they do require a large 
voltage to drive them and are quite big.

Outputs
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Seven segment display

As the name suggests this display is made up of 7 segments that illuminate, depending on 
which are on the numbers 0-9 can be shown. Because of the seven segments each of them 
needs their own connection this could take up space on the circuit board and the processor 
outputs. There is a solution however, there are driver IC‟s that only need one serial interface 
line with the processor and will control all of the seven segments. 

This would not be able to display much information however, the best it could do is show a 
series of numbers and even that would require multiple displays and again will take up 
valuable space.

LED‟s

A very simple LED would light up when a message is 
received, to tell the user to go to a help point to 
collect some information such as boarding times.

Again this would not be able to carry any information 
at all, and especially in an airport where there could 
be a message every 5 minutes going back and fourth 
to a help desk defeats the object of my system.

Saving messages

As in my specification I want to be able to save past 
messages to be accessed at a later date by the user. 
Memory is a very complex area of electronics. 
Because of this there is only one option, serial 
EEPROM memory. EEPROM‟s use flash memory to 
store bits of data and it‟s retained when power is 
removed. The PICAXE system is compatible with 
EEPROM‟s via the i2c protocol 

Terms to understand

IC: integrated circuit or “chip”

Master: a microprocessor IC that controls the operation of a circuit

Slave: a slave IC does certain specialised tasks for the master

The I2C Bus Protocol

The I2C bus physically consists of 2 active wires and a ground connection. The active wires, called SDA and SCL, are both 
bi-directional. SDA is the Serial data line, and SCL is the Serial Clock line. 

Every device hooked up to the bus has its own unique address, no matter whether it is an MCU, LCD driver, memory, or 
ASIC. Each of these chips can act as a receiver and/or transmitter.

The I2C bus is a multi-master bus. This means that more than one IC capable of initiating a data transfer can be 
connected to it. The I2C protocol specification states that the IC that initiates a data transfer on the bus is considered the 
Bus Master. Consequently, at that time, all the other ICs are regarded to be Bus Slaves.

First, the Master will issue a START condition. This acts as an 'Attention' signal to all of the connected devices. All ICs on 
the bus will listen to the bus for incoming data.

Then the MCU sends the ADDRESS of the device it wants to access, along with an indication whether the access is a Read 
or Write operation. Having received the address, all IC's will compare it with their own address. If it doesn't match, they 
simply wait until the bus is released by the stop condition. If the address matches, however, the chip will produce a 
response called the ACKNOWLEDGE signal.

Once the MCU receives the acknowledgement, it can start transmitting or receiving data. When completed, the Master will 
issue the STOP condition. This is a signal that the bus has been released and that the connected ICs may expect another 
transmission to start any moment. 

Peripherals 
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Research Conclusions 

Wireless communications

From my research on wireless communication I have found a number of radio devices that can 
transmit information in the way I want it. 

From this them I will be taking the Xbee and 433 MHz AM radio modules onto a further 
development stage to experiment with them and decide which I will use ultimately.

The Xbee, despite being a new technology to me, it‟s very promising in its specifications and ease 
of use. The AM module has been tried and tested and has proven its value and versatility. When 
coupled with the HT12x series of encoders/decoders it can have many more applications.

Outputs

I will be using the vibration motor as an output on the device, it is a good way to alert someone 
and especially if they can‟t hear. The motors available are very small and only require about 3v to 
run.

For a visual output I have selected LED‟s over filament bulbs. This is because LED‟s are much 
smaller than the bulbs and require much less power to run. Although LED‟s have a smaller 
viewing angle than filament bulbs, the idea is to alert the user with a light not to illuminate the 
whole room. 

Processing

The final solution I choose will need different types of 
processor. The PICAXE system is well established and I 
am very familiar with it and can perform many complex 
tasks with it. However the 555 IC is still a valuable piece 
of electronics that has its uses. Depending on the final 
solution I will be taking both the PICAXE and 555 forward 
to continue experimenting with them, and then making an 
appropriate choice.   

User Interfaces

I think that using a computer keyboard as a user 
interface is a good choice, because it is familiar 
technology and it can be integrated with a PICAXE. Also 
for other interfaces a simple button system to select can 
be used.

LCD and Seven segment displays

Both LCD screens and 7-seg displays are useful, and can 
display information. For that reason I will continue to 
experiment with them both as a possible feature of the 
final solution. 

Saving messages 

If I want to save past messages that have been received in text then the only solution is an 
EEPROM IC. It has already been shown how it works and it can easily be integrated with a PICAXE 
to do this. The IC‟s themselves are relatively expensive £0.64 but have large memory from 24kb, 
not large by the standards of the new 80GB iPod, however bear in mind that each character is 1b 
so it can hold 24,000 characters. 

Conclusions 

The selections and comments made on this page allow me 
to keep a large number of options open in the production 
of my final solution so that I can comply with my 
specification and solve the problem in the best all round 
way. 

A look at industry 

In industry large companies there is a whole department dedicated to R&D (Research 
and development). The R&D team can spend years researching and exploring the 
development of a new product. Sometimes these have massive funding such as the 
new USAF air superiority fighter, F22 raptor a project that began in the 1970‟s with a 
budget into the billions, which has only recently been completed last year.  
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Solution 1

Overview

Using a 433 MHz AM radio system, when a 
message is received a light will flash and 
the device will vibrate. Alerting the user to 
a message such as a flight announcement, 
to which he/she goes to the nearest 
relevant source of information, i.e. flight 
information screens. 

The transmitter will simply be a switch that 
when pressed will send out the message. It 
can even be wired in to an automatic 
system so that it will transmit whenever an 
announcement is made.

Circuit diagram 

When a valid transmission is received pin17 on the HT12 IC goes 
high, this will then switch the transistor on and the 555 circuit 
will begin to work. By sending pin2 on the 555 low the timer is 
triggered, the output pin3 will go high for a period of time, and 
thus switching the vibration motor and LED on. 

The delay period is controlled by VR2 and C5.

Transmitter Receiver

The method of modelling I will be using is breadboards. They are very 
useful because they are just simply a patterned array of connected pins 
that components can just fit into for fast and easy circuit development. 
Unlike Vero board another way of prototyping circuitry, in which 
components have to be soldered into place and then tracks need to be cut 
so that you have the correct electric circuit track.

To the right are the 433 MHz radio modules on breadboard, in this setup 
when a valid transmission is received a buzzer is sounded.     

Pros

This will be a very small unit.
The cost will be low as components are minimal and 
inexpensive.
It‟s simple, the circuitry is easy to produce and it will be very 
easy to use, simply alerted when a message has arrived by a 
vibration and a LED. 

Cons

The system does not transfer much information, the user is only made 
aware that there is message or notice then he/she has to go and find it.

The lack of information then leads to inconvenience the user will be constantly 
getting up to go and find out what the message was about.
The specification called for a definite way of warring of emergency situations 
such as a fire alarm, this solution has no differential between a regular message 
and a fire alarm.
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Overview

Similar to idea1 a 433 MHz AM radio will again be 
used, when a message is received a light will flash 
and the device will vibrate. Alerting the user to a 
message such as a flight announcement, to which 
he/she goes to the nearest relevant source of 
information, i.e. flight information screens.

Also on this design there is a separate LED that 
indicates an emergency. 

The transmitter will simply be a switch that when 
pressed will send out the message. The fire alarm for 
example will be wired into the radio system so that if 
the fire alarm is triggered the users will be 
automatically alerted.

13

12

11

10

Transmitter Receiver

13

12

11

10

1

0

0

0

1

0

0

0

Again when a valid transmission is received pin17 will go high then triggering the monostable circuit 
and switching on the LED and vibration motor. However to work the emergency LED system another 
feature of the HT12 series IC‟s will be used. As shown in the diagram to the right, pins 10, 11, 12 
and 13 are data pins, their logic state can be set at the transmitter and then on the same pins on 
the receiver they will have the same logic state. This is being used to switch another transistor that 
controls an independent LED for alerting emergencies.  

Solution 2

Pros

This will be a very small unit.
The cost will be low as components are minimal and inexpensive.
It‟s simple, the circuitry is easy to produce and it will be very easy 
to use, simply alerted when a message has arrived by a vibration 
and a LED. 
There is a system in place that can show when there is an 
emergency alert.

Cons

The system still does not transfer much information, the user is only made 
aware that there is message or notice then he/she has to go and find it. 
And the same inconvenience will be caused. The final product must be a 
product that makes things easier for the user.
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Solution 3

Circuit diagram 

Transmitter

Receiver

Overview

This solution is more advanced and sophisticated than the 
previous two proposed solutions. It is designed to deliver 
the information directly and quickly to the user.

The Xbee system is going to be used to transmit serial 
data to and from a PICAXE. On the transmitter a standard 
PS2 computer keyboard is used to type the message on 
an LCD screen, once the message is typed out it is sent to 
the receiver which alerts the user with LED‟s and a 
vibration motor and then displays the textual message on 
its own LCD screen.

The messages will also be saved in an onboard memory 
IC that can be recalled by the user. There is also an ability 
to warn of an emergency such as fire alarm. The fire 
alarm of an area will be linked to the system and will 
automatically transmit the emergency message.  

The Xbee requires 3.3v to operate so its voltage is 
regulated with a 3.3v voltage regulator. In red on the 
receiver circuit diagrams an array of three switches are 
the user controls, to select or view a message. 

The EEPROM is shown in blue; this is where the past 
messages will be stored.

Pros

All the information that is required is displayed on 
the LCD screen.

It will warn of emergencies such as a fire alarm.
The PICAXE processor can do multiple tasks and is 
easily programmed to do so.
The user has a simple interface of three button 
switches.
The onboard memory is a useful feature to recall pass 
messages. Cons

The components especially the Xbee are relatively expensive.
The unit will have to be much larger to accommodate all the components and a battery.
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The Xbee development board (top left) is an excellent way to learn and understand how to use the Xbee module.

I wish to use the module to transmit information between two PICAXE‟s using the serial in/out commands so that it is 
effectively as if they are connected by a wire. So the first thing to do is to make sure that the PICAXE‟s can exchange 
information through a solid state connection before introducing the Xbee.

The PICAXE serial commands (in this case serout) have syntax a follows:

Serout pin, baud rate, (Data…)

The important part here is the baud rate. Baud rate is the speed at which telecommunicated data is transmitted, measured in 
bytes-per-second (BPS). Typical PICAXE baud rate is 2400, for the receiving PICAXE to correctly input the incoming data the 
serin command must also have the same baud rate, i.e. (baud rate is relevant whenever electronic devices are exchanging 
information

Serin pin, baud rate, {#} variable,{#}variable… 

Once the information is received it is inputted into the variables b0-b13 for use later. Also another feature of the serial 
commands are the use of qualifiers, qualifiers are used to make sure the correct data is inputted by the PICAXE so that any 
stray signals are not an issue. E.g. 

Serout 7, T2400, (“ABC”,” 1”)
Serin 7, T2400, (“ABC”), b1

A serial signal is transmitted from pin7 at a baud rate of 2400 with the qualifier “ABC” and it‟s sending 1 as data. Then the
serial is being received at pin7 at the same baud rate and once it receives the qualifier “ABC” it inputs value 1 into the variable 
b1. 

So when I introduced the Xbee I just replaced the wire connection with the data in and data out connections of 2 Xbee 
modules, and I was going to transmit information to be displayed on an LCD screen. However there was no success at first, 
there was random characters appearing on the screen. After investigating the problem I found out that the baud rate of the 
Xbee itself has to be configured, its default is 9600, so all I had to do is reprogram the Xbee via the development board and
supplies Max3232 IC to 2400, PICAXE baud rate. This solved the problem and my successful transmission can be seen bottom 
left.   

The Xbee requires 3.3v to run; my PICAXE and majority of the circuit will use 5v. So to achieve 
the 3.3v I will be using a voltage regulator.

Vin

Vout

Ground

Ideas: Xbee Development
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My project has many complex parts to it, what I did was to prototype 
individual circuits first to learn more about them and then everything 
would be combined together to work as one single unit. 

After I had understood and set up the radio system this gave me a solid 
platform to proceed with prototyping other circuits.

Here I was experimenting with the PS2 keyboard, PICAXE and LCD screen

1.

2.

3.

1. The PS2 keyboard plugs into the breadboard the data and cock lines are 
tied high with a 4K7 resistor. The data and clock lines then go into the PICAXE 
for processing.

2. The PICAXE has a reset switch on pin4 and the download cable is connected 
to it on the right side. The green wire goes to the LCD Firmware IC with the 
information to be displayed.

3. The Firmware inputs the serial data from the PICAXE on pin3. The Firmware 
has a blue 4MHz ceramic resonator to keep its clock speed accurate. The baud 
rate is 2400 and this must be the same for the PICAXE and Firmware to 
exchange data.

Ideas: Typing on screen

Program: This is the program that allows the typing to be seen on screen.

serout 7,T2400,(254,1)  „ LCD Screen is Cleared 
pause 50

main1:
dig0:
pause 60
let b0=" "
gosub display       „update display
keyin  „ wait for key to be pressed               
read keyvalue,b0    „ letter stored in b0

dig1:
pause 60
let b1=" "
gosub display     „update display
keyin
if keyvalue = $66 then dig0 „when backspace is pressed delete letter
read keyvalue,b1  „ letter stored in b1

Repeat the steps

display:
serout 7,T2400,(254,128,b1,b2,b3,b4,b5,b6,b7,b8,b9,b10,b11,b12)
return  
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The LCD Module has two operational modes: text and instruction. The default is text mode; Data received via 
the Serial line appears on the screen. To input instructions to the LCD module, such as clear screen, go to line 
2, etc., you must prefix the instruction with ASCII 254. The byte following ASCII 254 will be sent to the LCD as 
an instruction. For example, to clear the screen, send the instruction prefix (254) followed by the LCD clear-
screen code (1).

As outlined in my specification, my device 
needs to alert the user to any emergencies 
such as fire. The original idea to do this is to 
have a message transmitted to the device in 
the way a regular message would be sent and 
received. However this may not be 100% 
reliable, and for this function it must be 100% 
reliable. 

The reason for this is because of the serin 
command discussed earlier being used to input 
the incoming data. The nature of this command 
is that all other PICAXE operations halt because 
the PICAXE is constantly monitoring the input 
pin for serial data; once data is received then 
normal functions proceed. This therefore means 
that no other processes can be carried out in 
conjunction with the serin command, the 
problem then caused by this is that if the user 
is in another process checking past messages 
etc, when the emergency signal is transmitted 
it will not be inputted and not be alerted.

So a solution that I have thought of is to create 
an independent system that will always alert 
the user of an emergency regardless if the 
device is in another process.     

This new idea uses a PICAXE 08 and a 4016 quad bilateral switch. The 4016 contains four switches. Each switch has 
two input/output terminals, X and Y and an enable terminal, E. When E is LOW, the switch is open. When E is HIGH, 
the switch is closed.

The PICAXE 08 controls the 4016, which in turn is connected to the reset of the PICAXE 18X, also the 08 has two 
communication lines with the 18X. The important feature is that the 08 is also connected to the data out line of the 
Xbee so it is constantly monitoring what goes into the 18X. If the emergency transmission is sent then it “sees” this 
and then it triggers the 4016 to reset the 18X, and also send its communication line high. A reset has the effect of 
making the 18X go back to the beginning of its program. However at the beginning of its program there is a 
command to check the status of the 08 communication line, if the line is high then the 18x initiates the “Emergency 
Procedure” which is the vibrating motor and LED‟s.

The PICAXE 08 is also connected to the LCD firmware and it takes over the data line and transmits its own message 
warning of an emergency. Because this program is on the 08 it ensures that even if the 18X fails the user is still 
alerted to the emergency, therefore providing the 100% reliability required for this important function.

18X Reset LCD Data line

Data line

Xbee

18X comm lines

To 18X

Ideas: LCD and Emergency Warning
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1. LCD Screen
2. LCD contrast control
3. Xbee connection
4. PICAXE 18X
5. LCD Firmware
6. EEPROM 24K memory
7. PICAXE 08
8. PICAXE Download connections
9. 4016 Quad Bilateral switch
10.PS/2 Keyboard connection
11.LED‟s representative of outputs
12.3.3v voltage regulator.

1

2

3

4

5

7
6

8

8

9

11

12

1

2
3

4 5

8

10

12

Breadboard Modelling

Using breadboards for modelling is very useful; components can be constantly 
moved and altered. This allows great flexibility and speed in circuit developments.

Here are my completed breadboards of my circuits; these are fully functioning 
circuits of my final solution. I will now use these models as references when I 
make my PCB design, then use them again as references when checking the 
finished PCB. 

The receiver breadboard now also has included the new emergency alert system 
of the PICAXE 08 and 4016 combination. Also the LED‟s are there representing 
the outputs of the LED‟s and vibrating motor.   

Completed Breadboards

Transmitting Breadboards

Receiving Breadboards

This is the breadboard of solution 3. This was the best solution because despite 
its complexity it fulfilled the specification requirements and it can also expand on 
those points for a better product. 
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This was my first attempt at the receiver PCB, as 
can be seen the blue links are flying wires that 
indicate wire links, on this design there are too 
many wire links and the final PCB would be 
cluttered and it would defeat the object of using the 
copper tracks instead of wires.

This is the Xbee connection, because the Xbee has 
2mm pin spacing the original idea was to produce 
a separate PCB that would have the Xbee on it 
then that PCB itself would fit into the PCB on the 
standard 0.1in spacing.  

This is the final PCB of the transmitting unit.

The LCD is being connected using a 
ribbon cable, this is good because it 
will make it a lot neater, and the LCD 
has 16 connections. There will be a 
16way IDC connector mounted on the 
PCB. 

When began to think about designing a PCB, I also had to consider a size limit because particularly on the receiving end. Because it is gong to be a hand held 
unit so it needed to be as small as possible but at the same time if the size was growing it needed to be long rather than wide so that it could fit in a human 
hand. 

The CAD software I will be using for this is PCB wizard; it‟s a very versatile software that has an expansive library of components and is very easy to use.  

PCB Development

5 6

3

1

4
7

8
2

1. The two reset switches for the PICAXE and LCD Firmware the 
reset pins of the two IC‟s are tied high with a 4K7Ω resistor.

2. LCD Firmware.
3. IDC connection for the LCD screen. 
4. PICAXE 18X.
5. Mini Din socket, for keyboard connection.
6. Download socket for PICAXE.
7. 3.3v voltage regulator for Xbee.
8. Xbee connection (2mm pin spacing). Also with Xbee status 

LED‟s.    
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Finished PCB 

After my not so successful first attempt of the 
receiving PCB, I just started from scratch, which I 
think is the best way to approach the new design.

The new design is a lot more compact and it has 
less flying wires. What I have also done is mark 
holes with pads. For example the LCD screen I‟m 
using has holes on its corners that will allow my to 
bolt it to the PCB, and the holes (highlighted in 
green) have been lined up for this on the CAD 
software.  

The method of PCB production used in the 
department is “photo - etch resist”. Once the design 
of the PCB is completed a mask needs to be 
produced. The mask is just the pattern of tracks 
and pads printed on tracing paper. 

The circuit board is a base that is copper clad and it 
has a thin photo sensitive layer on top of the 
copper.   

Order of production

1. A correctly sized sheet of the circuit board is placed 
in an Ultraviolet light box with the mask preventing 
the exposure of the track pattern.

2. The exposed board is then placed in a solution of 
sodium hydroxide to remove the exposed photo layer, 
leaving a “photo” of the unexposed track pattern.

3. This is then placed in the bubble etch tank, which 
contains a solution of hot ferric chloride. This solution 
eats away the unexposed copper leaving the tracks 
and pads.

4. The Board is then cleaned and drilled. 

Photo sensitive layer

Base layer

Copper layer

A look at industry

Industrial PCB manufacture is on a much larger scale than school 
PCB production. On a recent visit to SMS electronics I saw how 
industrial PCB manufacture works. The plant has a massive stock of 
components, surface mount and through components. The circuit 
boards themselves are bought in from somewhere else, but once 
they have the board they are ready to begin the process.

The boards are put onto pick and place machines, computerised 
arms pick up and place the components on the circuit board which 
has already has a layer of solder past on the pads, the pick and 
place machines are capable of placing 25,000 components per hour! 
Once the components are fixed the bard is put through an oven that 
heats up the solder on the board which then melts and makes the 
connection. 

The completed boards are then subjected to meticulous quality 
control checks to ensure the customer gets a top quality PCB.        

Quality control

At this stage I need to begin my 
quality control checks. The PCB is the 
first of my critical points, so to check 
the board all the tracks were checked 
for breakages and continuity using a 
multi metre.

PCB mask on the 
UV exposure box.

PCB Development and 
Production
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loop:
let b12 = 0
serin 2,T2400,("ABC"), b0,b1,…b10
poke 80,b0
……

When a serial signal is received at 
pin 2 with the correct qualifier it is 
read into and stored into the 
variables ant then poked into the 
registers. This is done for the whole 
transmission. 

signal:
for b13 = 1 to 20
if pin0 = 0 then recal
serout 7,T2400,(254,128,"NEW MESSAGE")
serout 7,T2400,(254,192,"SHOW?")
if pin0 = 0 then recal
high 5
high 2

The LCD displays the option to show 
the message, whilst also signalling 
with the vibrating motor and LED‟s, 
with high 5 and high 2 commands. If 
the correct button is pressed the 
program recalls the message to the 
screen.

The motor and LED‟s only are on for 
about 60 seconds then they stop, to 
avoid severe annoyance.

recal:
low 2
low 5
high 3
peek 80,b0
………
gosub display

The vibration motor and LED‟s are 
switched off if they are not already off. 
Then each character is recalled from 
the register with the peek command, 
and as on the transmitter program a 
gosub is used to update the LCD 
screen with the message.

saverequest:
serout 7,T2400,(254,128,"SAVE MESSAGE? :yes <")
serout 7,T2400,(254,192,"                          :no  <")
if pin7 = 0 then saveselect
if pin1 = 0 then clearscreen
goto saverequest

The user then selects if they 
want to save the message 
by pushing a switch. If no is 
selected the program clears 
the screen and returns to 
the menu.

save:
i2cslave %10100000, i2cfast, i2cbyte
peek 80,b0
………….

writei2c 0, (b0)
pause 10

The message is then saved. The characters are recalled again and then 
saved using the writei2c command.

E.g. the character stored in b0 is being written to the 0th register of the 
EEPROM IC. Once the message has been saved the program returns to 
the start.

The write command should be able to store more than one character per 
register, however whenever I have tried this it can‟t do it, this has meant 
that I have had to use up programming memory to define a writing 
procedure for individual characters, rather than saving 10 at a time. This 
has meant that due to lack of program space I can only save 2 past 
messages.

This is only the core program; there 
are many other features that make up 
the entire program however explaining 
the whole thing would take at least 20 
pages alone. 

low 1   
init:
serin 4, T2400, ("999")
high 1
pause 500
low 1
high 2
serout 0, T2400,(254,1)
pause 50
serout 0, T2400,(254,1)
pause 50
Loop:
serout 0,T2400,(254,128,"EMERGENCY")
serout 0,T2400,(254,192,"EVACUATE AREA")
if pin3 = 1 then exit
goto loop

exit:
low 1
low 2
high 0
goto init

Low 1 holds the 4016 in normal 
operation i.e. not resetting the 
18X. 

Once the emergency signal is 
detected (999), the 4016 is 
triggered to reset the PICAXE 
and then with its own serial 
line the 08 hijacks the LCD to 
display its own message. 

Once told to stop via the 18X 
comm. line, the exit procedure 
returns the operation all to 
normal, and sits dormant 
waiting to ward of the next 
emergency.

Emergency Warring PICAXE 08 program

Receiver PICAXE 18X Program
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The PICAXE system is central to the workings of the electronics of my project. The PICAXE is the central processor that controls what the 
product does and how it does it. For it to function properly it needs to be programmed, so that it knows what to do.

A computer program is simply a set of parameters laid down by the programmer, outlining exactly what the PICAXE needs to do, how to do 
it, and when to do it.

My program is just a long list of these “rules” for the PICAXE to follow.

menu:
low 4
serout 5,T2400,(254,1)
pause 50
serout 5,T2400,(254,1)
pause 50
serout 5,T2400,(254,128,"MENU")
serout 5,T2400,(254,192,"Send message?")
keyin
if keyvalue = $5A then main1
goto menu

This is the beginning of the 
program in which the LCD is 
cleared and then the words 
“send message” are 
displayed. And using the 
keyin command once the 
enter (hex value = $5A) 
button is pressed the value 
of this key is logged and if it 
equals $5A it will go to the 
next step. If not it will go 
back to the start of this 
code and continually keep 
scanning the incoming 
values of the keys pressed. 

high 4
serout 5,T2400,(254,1)
pause 50
serout 5,T2400,(254,146,"<")
serout 5,T2400,(254,210,"<")

let b0 = " "
…..b10

poke 80,b0
………118

The backlight is switched on, 
screen cleared and the two arrow 
characters appear on each line 
indicating the space to write.

Using let command all of the 
variables b0 to b10 are cleared, 
then all of the PICAXE‟s internal 
EEPROM registers are cleared 
using the Poke command. The 
poke command just inserts the 
value of b0 into the 80th register 
bank. 

dig0:
pause 60
let b0=" "
poke 80,b0
gosub display
keyin
if keyvalue = $5A then sndinit
read keyvalue,b0
poke 80,b0

dig1:
pause 60
let b1=" "
poke 81,b1
gosub display
keyin
if keyvalue = $66 then dig0
if keyvalue = $5A then sndinit
read keyvalue,b1
poke 81,b1

As each key is pressed the value is 
logged and stored in the variable. 
Each character has to have its own 
parameters defined e.g. dig0 defines 
the first character and so on.

As it goes along the values are also 
stored in the PICAXE registers via the 
poke command. Also with the “gosub 
display” the program is jumping to a 
sub procedure, i.e updating the LCD 
screen with what is being typed, and 
then returns to that point. After the 
first dig if backspace is pressed the 
character will be erased with the 

“if keyvalue = $66 then dig0”

this process continues for all 32 
characters available. If enter ($5A) is 
pressed at the end or any other time, 
it will begin sending.

peek 80,b0
……..
gosub sendline1
………
sendline1:
serout 3,T2400,("ABC",b0,b1…,b10)
return

When it has been prompted to transmit, the 
characters are recalled from the register using the 
peek command an then put back into the variables. 
Again program uses gosub to send the first line using 
the serout command, this line goes straight to the 
data in leg of the Xbee where it‟s transmitted. Once all 
transmission is completed, the program retunes to the 
menu, ready to begin again.

Transmitter PICAXE 18X Program

As I said I needed to define each character in the program, this took up a lot of programming space and limited 
me to only 32 characters. This is because of a limitation in the PICAXE‟s program in that there needs to be an 
extra command for me to be able to use the same set of character definitions infinitely! To accomplish I have 
been thinking about a “then gosub” command, this would allow me to do what I said but also it has potential to 
save space on my receiver program too, where I am also defining individual procedures.
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1. The case is a smooth design with no sharp   
edges. It is sloped so that there is an 
optimal view of the LCD screen.

2. LCD
3. Status LEDs
4. The PS/2 cable can fit into the socket at 

the rear of the case.  

Case design Ideas
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1. The case has a smooth rounded body for a good fit 
in the hands.

2. The battery is housed inside a battery box that can 
be accessed via a door on the bottom of the case.

3. There are raised ridges on the side of the case to 
provide grip when holding the device.

4. The door for the battery compartment. The door has 
a flap that fits into hole and then screws shut.

5. The support posts for the circuit hold it the right 
height. Also the case is secured through these posts.

6. LCD 
7. Control buttons
8. Indicating LEDs 
9. Status mini LEDs  

The case is an important part of any product. It will be the first thing a person will see 
and hence a lot of effort is put into this by industry to make a good first impression. 
There could be a whole art department that take over this process.

As well as the aesthetics of the product, the design needs to “work”. It is no good for 
a sleek looking case for a mobile phone, but its buttons are so close together that you 
can‟t even dial! 

Also to be thought of is the ergonomics of the product, how it feels and how it is used. 
These are my initial sketches of the case designs, in them I have tried to begin to 
think about the ergonomics.

Case design Ideas
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Pro/Desktop is powerful CAD software by PTC; it is a version of PTC‟s full 
industrial version Pro/Engineer designed for schools and education to bring 
CAD/CAM into schools. I will be using Pro/Desktop to produce a computer 
design of the case for the receiver.  

Pro/Desktop has a very simple and easy to use protocol. A sketch system is used, a 2D 
shape is drawn and this is the valid sketch profile. Once you have the sketch you can 
then extrude it into a solid 3D object.

Once you have the 3D object using the select faces tool you can create a work plane on that 
face of the 3D object. A work plane is somewhere to add features to the face by again using 
the sketch system. In this part of the design I have shelled the solid to create the cavity for 
the circuitry.

Also I have sketched 4 circles in each corner then extruded them into posts and then placed 
holes in them; these are the mounting holes for each half of the design. 

Then by repeating the use of sketching and creating 
work planes you can proceed to build up your design. 
Here I have added holes for the LCD screen and for the 
switches. By selecting the inside face and then creating 
a new work plane on that face. Then I drew the 
sketches and extruded the profile, however I selected 
the “subtract material” option and this created a space 
in the shape of the sketch profile. 

Left is the final 
model showing all 
of the sketches 
(coloured shapes) 
that have gone 
into making the 
design.

Left is the completed design of 
the top half. Showing the name 
of the product “IRISS” in raided 
lettering, also seen are the holes 
for the LED‟s, LCD and switches 
with direction arrows on the 
side.

Left is the completed design of the bottom half of the 
case. The big block in the middle is the battery 
compartment; access to the battery is via a door on 
the other side. Around the top edge of the case is a 
small 2mm deep ridge this is also on the top half but 
on the other side. The ridge is to provide a secure fit 
and also to accommodate any inaccuracies in the 
dimensions, so that if it was too tall the gap would 
still allow a fit. On the edges there are ridges that are 
grip areas for a good hold of the device when in use.

CAD design
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Selective laser sintering 

Selective Laser Sintering (SLS) prototypes are 
constructed from powdered material that is selectively 
sintered (heated and fused) by a powerful CO2 laser. The 
process begins with a 3D CAD file which is mathematically 
sliced into 2D cross sections. With the fabrication piston 
at the top of the build volume, a roller assembly pushes 
build material from the powder supply to create a uniform 
layer over the fabricate piston. The scanning system then 
draws the 2D cross section on the surface of the build 
material, sintering the material. 

The fabrication piston is lowered as the powder delivery 
piston is raised and a new layer of material is placed in 
the build volume. The next 2D cross section is drawn and 
the process repeats itself until the object is complete.

SLS is one form of rapid prototyping. Rapid prototyping, is the automatic 
construction of physical objects using solid freeform fabrication. The first techniques 
for rapid prototyping became available in the 1980s and were used to produce models 
and prototype parts. By designing the product using CAD the rapid prototype machine 
could create exact models quickly, therefore allowing quick developments of products. 

The machines today are very quick and the materials available to use are good 
enough to be used as a final product!

I was very pleased to secure the rapid prototype manufacture of my 
case for my project at Loughborough University. The University is a 
world leader in research and has many connections with major 
industrial companies who are working alongside the university on 
developing their new products. One of the university‟s research 
facilities is rapid manufacturing, headed by Professor Dickens. This 
department has SLS, SLA, wax jet and other rapid manufacturing 
machines. 

My thanks to Professor Dickens and Loughborough University for 
manufacturing my case. 

Here is my finished case, manufactured by SLS at Loughborough 
University. 
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The SLS process has accurately made the shape of my 
case, all that is left for me to do is finish it off.

I tapped the screw holes that will house the screws 
that will hold the case together. In the picture the case 
is on a tissue, this is to protect it from the grease on 
the undersides of the table vice.

Once all the tapping and sizing had been completed the case was ready for 
painting. One other task was to fill a small chip by using car body filler to fill the 
hole, once the filler was hard it could then be sanded down using wet and dry 
paper until smooth. The whole case required to be smooth as the paint would show 
up any scratches and imperfections, so I again just used wet and dry paper to 
make sure of this. 

I will be using car spray paints for this. First however the case must be primed 
(left), the primer would provide a level clean dry surface for the paint to stick.

The black paint was then applied (right). When spraying for both primer and paint 
the cans must be shaken well and spraying must take place in a dry dust free still 
environment. Between layers the paint must be allowed to dry to avoid drip marks. 
The paint must be applied using a smooth continuous sweep of the can, this 
ensures level even paint.

The case was sprayed in a special unit with an extraction fan.

Case manufacture

Here are the finished sprayed parts. 

Quality control

When tapping a 2.5mm pilot hole is needed. Initiate tapping with 
a tapered tap then go onto the parallel tap for a good cut.

Take care when spraying to avoid drips by applying too much paint at a 
time.
Allow the paint to dry between coats for 15mins to help the next layer 
to go on well.

In this picture the top bottom and battery lid can 
be seen. The battery lid was actually something I 
had not considered until I showed what was to be 
my final CAD design to my teachers. They then 
suggested that an external battery compartment 
accessed through a panel would be a good way to 
increase usability. So I added it through an extra 
1hour of CAD work on pro/Desktop. However it 
was an excellent suggestion of something I had 
not considered.
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Case manufacture

Vacuum Forming is a process where sheet of plastic is heated 
to a forming temperature, stretched onto or into a single-
surface mold, and held against the mold by applying vacuum 
between the mold surface and the sheet.

Here is the mould I used for the case. It was created by 
first making a big block of wood to work with; this was 
done by layering sheets of MDF and gluing them 
together with PVA wood glue. 

Once the glue has dried, the block is ready to be shaped 
and worked, using a saw I cut the block into the rough 
triangular shape, and then with wood tools I worked it 
until it was a smooth all-round surface.

The surface must be very smooth so using fine M2 grade 
sandpaper; I went over the whole mould to make it as 
smooth as possible. 

Here I am moulding the case. I had already placed the 
mould inside the machine and then clamped a piece of 
HIPS plastic on top of it and then began to heat it with the 
heater. Once the plastic was heated until its plastic state it 
was ready to be moulded. 

I lifted the mould up and switched on the pump, this 
sucked the plastic over the mould creating the case.

After it had cooled down, however still wearing protective 
gloves I removed the mould from the HIPS and cut out the 
case from the excess plastic. 

Once the case was out I could now begin to fit a bottom 
and a method of attaching it. In the picture the bottom 
can be seen also on the side of the case and acrylic strip 
with holes either ends. These holed are tapped to receive 
an M3 screw, the strips themselves where secured using 
Tensol 12 solvent. On the bottom I have drills the holes 
for the screws and on each corner are rubber feet to give 
it grip on a table top and to keep it level. Also on the 
underside of the bottom lid are 4 acrylic posts to mount 
the circuit board, again these were glued using Tensol 
12.    

Quality control

Whenever a manufacturing process is occurring constant 
quality control is needed, especially in this case where it‟s 
being made by hand where mistakes could occur.

The wooden mould needs to have a minimum draft 
angle of 3 degrees; this is to allow the mould to 
easily be released from the case.

When heating the HIPS, take care as over heating will 
cause webbing on the corners of the formed plastic.
Also the HIPS needs to be dry as any moisture present 
could expand and create bubbles. 
When tapping a 2.5mm pilot hole is needed. Initiate 
tapping with a tapered tap then go onto the parallel tap 
for a good cut.
Secure the acrylic strip with a G –clamp to give a secure 
bond, and to maintain its position.

When procuring the bottom, the holes initially drilled for 
the screws were off. This meant that I had to file out the 
holes until there were lined up. 

It‟s very difficult to line up holes immediately because 
some degree of estimating for the holes position is 
needed because the plastic is opaque.
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Transmitter Receiver

Above is the emergency demonstration circuit. 
To demonstrate the potential of my project to 
ward of things such as fires, I have made a fire 
alarm call point, that when pressed will send 
out the emergency signal. This will simulate 
what would actually happen if my system was 
installed in an airport for example. Left side is 
the front, an fire sign mounted on an acrylic 
stand and on the reverse side there is the 
circuitry, simply an Xbee module and buzzer.

These are the costing for the 
components in my project; I have 
neglected building materials as I don‟t 
have an accurate value for those.

The total cost of both units is £108.83. 
This relatively high cost shows the 
amount of money it takes to produce 
even a prototype. I also imagine the 
total project cost maybe more because I 
also bought other components for 
experimenting and prototyping.

From my lists the most expensive 
individual components were the LCD 
and Xbee modules. Both are large 
sophisticated units that when bought by 
the general public such as me they will 
be expensive; however to industry who 
will be buying in bulk and also will be 
using the bare components without 
packaging. Also for the Xbee it‟s a new 
emerging technology so costs will be 
high. 

As I said in industry their prototyping costs will 
be relatively high, because they will also be 
buying in small numbers. However if they 
decide to go into manufacturing, the production 
costs drop significantly. Components are bought 
in cheap bulk, and by the time the product 
reaches mass manufacture the engineers will 
have reduced and costs with the minimal 
components and materials.

I tried at all stages to reduce costs by careful 
planning and selection of components. 

Testing and Evaluation: Costs 

Item Qty Total 
18pin DIL 2 £0.05
14pin DIL 0 £0
8pin DIL 0 £0
4MHz resonator 1 £0.18
BC458 Transistors 1 £0.14
Resistors 10 Neg
Diodes 2 £0.06
Multi colour LEDs 0 £0
3mm LEDs 0 £0
5mm LEDs 3 £0.14
Xbee module 1 £16.00
PICAXE 18X 1 £3.70
PICAXE 08 0 £0
LCD Firmware 1 £4.00
4016 IC 0 £0
EEPROM IC 0 £0
Stereo socket 1 £0.08
Din socket 1 £0.49
6x6mm switches 2 £0.24
Rocker switches 1 £0.38
Push button switch 0 £0
LCD screen 1 £24.42
Vibrating motor 0 £0
3.3v regulator 1 £0.70
Capacitors 0 Neg 
TOTAL £50.58

Item Qty Total 
18pin DIL 2 £0.05
14pin DIL 1 £0.02
8pin DIL 2 £0.05
4MHz resonator 1 £0.18
BC458 Transistors 5 £0.35
Resistors 19 Neg
Diodes 2 £0.06
Multi colour LEDs 2 £1.12
3mm LEDs 2 £0.07
5mm LEDs 0 £0
Xbee module 1 £16.00
PICAXE 18X 1 £3.70
PICAXE 08 1 £1.15
LCD Firmware 1 £4.00
4016 IC 1 £0.23
EEPROM IC 1 £0.71
Stereo socket 1 £0.08
Din socket 0 £0
6x6mm switches 5 £0.60
Rocker switches 1 £0.38
Push button switch 0 £0
LCD screen 1 £26.00
Vibrating motor 1 £2.80
3.3v regulator 1 £0.70
Capacitors 2 Neg 
TOTAL £58.25
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When testing a product, the aim is to find out to what degree the product fulfils all of the points 
on the specification that lead to its creation.

For my testing I will be testing against the original specification, and also getting others to judge 
other aspects such as the usability.

Initial Specification

Messages must be received quickly and reliably, in real 
time.

Messages must be easy to understand.
The system needs to be easy to use and install.
Any cost need to be kept low to make it more available.
It needs to be portable.
The system needs to draw attention without sound.
It needs to be hard wearing for everyday use.
The final design must be ergonomic and aesthetically pleasing.   
Messages need to be received wirelessly.
It needs to warn of emergency situations like fire.
A memory will used to save past messages.
A simple user interface needs to be developed.

Product Details

The time it takes from the instant the send key is pressed to 
receiving the alert is approximately 10 seconds. This is a quick 
enough time to be considered real time.
The messages are simply text, so if you can read it is perfectly 
understandable.
The transmitter end is just a stand alone unit that can be bought 
and all it needs is a computer keyboard. If they want to install the 
warning system, e.g. the fire call points can be linked to the 
system that will send the signal once pressed.
The transmitter is portable; it can just be moved from one table 
top to another. The receiver was designed to be handheld, it‟s still 
portable, and however its size is large by today‟s gadget 
standards.
The system successfully used a vibration motor and LED system 
to get noticed without a sound system.
The SLS case is brittle and may not be suitable for everyday use. 
Whereas the HIPS case it‟s a tough plastic that could survive on 
the relatively save environment of an office desk.
Personally I was very happy with the looks and ergonomics. The 
black paint adds a sleek professional look to the handheld unit, 
along with the rounded design and grip pads, the design is 
excellent. The tabletop unit has been specifically angled so that the 
user has the best view of the LCD at all times, although it‟s not as 
good looking as the handheld.
Messages are received wirelessly with the use of Zigbee
communications. The unit has a range of 30m indoors, this is 
perfect so that the signal is not received 500m away, and it‟s a 
local system. 
The PICAXE 08 and 4016 provides a reliable system to 
consistently warn of emergencies.
The device can save past messages, however only up to 2 
messages, because of a lack of programming space due to a 
PICAXE restriction.
The user interface is just 3 buttons that are super simple to use, 
and it‟s very intuitive, with the button positions matching the 
screen.       

Testing

Quality control 

Thanks to the quality control points 
through the manufacturing process, the 
final product is of high quality and finish.

This aspect of my project is close to 
industry, in that they too employ the use 
of critical points throughout the 
manufacturing process to check the 
quality.

When I gave the project to a group of people 
for testing the general comments were good. 
The concept and idea was well received by 
everyone. Here are the keywords I have 
taken from all of their comments.

Large LCD
Easy to use
Good vibration
Simple to use
Benefits
Size to big
Too heavy triangle to plain
Good design on handheld
Like the tactile raised parts
Good feature was the fire system
Has real potential
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It has been a good 9 moths since I first began to research ideas for this project. Now I have a finished prototype of the product that is working electronically. 

From the testing I have learned a lot of things, when testing against the specification all the points were satisfied apart from one which was half satisfied. So I am happy to say I 
have accomplished what I set out to do, to make a system designed for deaf people to be used in situations where information is needed, and that information is quickly and 
reliably delivered to them in a suitable form. Now I have named this product IRISS which stands for:

Internal Radio Information and Safety System

A feature that I am especially proud of is the emergency warning system, it can reliably warn the user of and emergency, undoubtedly a priceless feature. I was also happy with 
the rapid prototyped case made at Loughborough University; it allowed me to produce an amazingly accurate case with useful features such as raised detail and grip areas.  

However as with any prototype it‟s not the finished product and there are many ways to improve it.

As I have already mentions further back, the PICAXE system has somewhat limited me. Because of how it has been made i.e. a regular PIC microcontroller that has had a 
bootstrap loaded onto it so that‟s its simplified commands can be used. This is a great system that has allowed me to easily build up the program. But if I just use a blank PIC and 
then build up my own program I can have much more freedom in my programming. This restricted me in that I had to define a series of individual factors, such as when typing, 
this took up a lot of programming space and if I could reduce this there would be more than half the memory left to add other features. This would mean that I could type more 
letters to send and that I can save many more messages.

Another big thing to come from the testing was the size of the handheld unit. The majority of the space was taken up by the battery, perhaps a smaller flat battery such as those 
fond in mobile phones would be more suitable. However for this I would need to also lower the overall voltage of my circuit, to do this I would need to change the components. 
This highlights another potential PICAXE restriction in that they run from a minimum of 4.5v, other microcontrollers use down to 3v, which is also the same voltage as the Xbee. 

If the product was to be produced industrially components need to be changed for smaller size, surface mount IC‟s would reduce space and a much smaller LCD screen would be 
needed. The circuit board itself would be double sided; this is easily done in industry. Also the materials could be changed to fully satisfy the point about a hard wearing device. A 
good option is ABS injection moulding; it‟s strong and hard wearing and cases can be made quickly and in large numbers.

The cost of my project was high, perhaps unavoidable to a degree but it can be reduced significantly. The components are bought in bulk and therefore cheaper, an efficient 
production line will further reduce costs. Bringing the production costs is important for both producer and consumer, the product needs to be good value for it to be bought, and 
also a manufacturer wants to have a good profit margin on it.

Also products need to be consistent, one some occasions when I switch on the receiver it goes crazy  and begins to vibrate, this is just solved by switching it on and off again. Also 
the PICAXE‟s need to be reprogrammed sometimes, I don‟t know if this is because I have downloaded to it so many times. But the consistency is defiantly an issue to address.  

The Xbee module which has made this possible is not being used to its full potential, I have only used one feature, and it has many others. The Xbee is programmable through a 
serial interface with the computer, and it also has an address. The address is just like a mobile number, this means that a message of flight times can be sent to the individual 
rather than everyone with the device. However to do this a serial interface needs to be set up, this is easily done through a computer but for the user to do it on their own to 
perform tasks such as enable sleep mode and select which address to transmit to without a computer you would need something like a MAX3232 serial IC, this would take some 
time to get working, but I am confident it could be done as I have been looking into it towards the end of my project.     

Overall I am extremely happy with the project; I got positive feedback from the market I designed it for 
which is great. I am happy that I have satisfactorily satisfied my brief and specification and have gone 
above and beyond in some cases. I am very thankful to Loughborough University, especially Professor Phil 
Dickens who was so happy to assist me in the production of the SLS case.

I have identified a range of possible improvements to make, which will provide a solid platform to begin 
version 2.

Evaluation
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My thanks to all that helped and provided me with 
information through the duration of my Project.

People (names not shown on 
online version)

Loughborough University

The Arkwright Trust 

Internet 

Google.com

Wikepdia.com

Maxstream.net

PICACXE.com 

Rapidonline.com

Maplin.co.uk

Software 

PCB Wizard

Pro/Desktop

Microsoft Office


