PROTOTYPING POSSIBLE ASSISTIVE METHODOLOGIES
FOR COMPLETE QUADRIPLEGICS
A G RADE 10 S CIENCE F AIR R EPORT (F ULL V ERSION )
Y AYA L U

Copyright © 2012, 2015 by Yaya Lu. All Right Reserved.
No part of this publication may be reproduced, distributed, or transmitted in any form or by any means,
including photocopying, recording, or other electronic or mechanical methods, or by any information storage
and retrieval system without the prior written permission of the publisher, except in the case of very brief
quotations embodied in critical reviews and certain other noncommercial uses permitted by copyright law.

WHY I WROTE THIS BOOKLET
When I was in Grade 9 at Ogilvie High School I heard about a complete quadriplegic who had problems
controlling his wheelchair. I started a project to see if I could use my LEGO MindStorms NXT stuff to
prototype a system that could allow complete quadriplegics who have no control of their bodies below their
neck, to be able to control their wheelchairs, giving them some independence from their carers.
By about half-way through Grade 10 things seemed to be working, and a teacher suggested that I should
write it up and apply for the CSIRO’s highest School award, the Gold CREST. To do this, I had to get an
expert to say that my project was not rubbish.
I approached the Mechatronics lecturer at the Tasmanian University to see if he thought my project and
write-up was any good. He was kind enough to take time from his very busy schedule to look at it, and he
must have approved it, as later I was delighted to be awarded a CSIRO Gold CREST (which also led to
other successes). This ".pdf" booklet is based on that report; I hope it inspires many other students to be bold
enough to enjoy the same sort of fun that I have had with this project.
But there was more. The lecturer also said that there were some unusual things about my project, and that I
should think about putting a paper together for a Biomedical Conference that was closing for papers in 10
days.
I asked Mum (Ying Chen) for help, and we squeezed my 60 page Gold CREST report into the 5-page IEEE
Conference format just in time. I sent it away without much hope.
Well, I should have had more faith in my work, as our paper was accepted! I had to ask for leave from my
Grade 10 class to present my paper at the 5th Biomedical Engineering International Conference in Ubon
Ratchathani in Thailand. I have also changed that paper into ".pdf" format, so you can now download that as
well.
Have fun with your own projects – don’t just think about them – get help from your teachers and friends and
start now!
Yaya Lu

WHY YOU SHOULD READ THIS BOOKLET
Some students, especially girls, think Science and Engineering projects are just for boys. It isn’t so! While it
took a lot of time, I had a lot of fun playing with LEGO MindStorms in my project, and learnt a lot about
how to solve real life problems in a way that could help other people. I learnt how to write up a Science Fair
report about my project. I even learnt how to speak in public, something that I was quite nervous about at
first, but it was not so bad because I knew I was speaking about my project, and I knew more about that than
anyone else, and so I was unlikely to look silly because I really knew what I was talking about. I gained a lot
of skills from this project, and I think these benefits could be available to you too if you start a school
project that could help others. Don’t just think about it, have a chat to your mates, parents and teachers, and
see if you can find a project that you can start to help both yourself and other. Why not start now!
I have now finished my International Baccalaureate studies, and before I start University I am changing my
project into a ".pdf" eBook, in the hope that this will make it more widely available.
I hope that this write-up will inspire you and other students to work hard and invent marvellous things using
LEGO Robotics – believe me, it is a lot of fun!
If after reading this, you are interested in finding out more about my robotics progress, you can see some
videos about my prototype Wheelchair Control System for Quadriplegics at:
http://www.yayalu.net/YayaLu2011/YayaLu11.htm
and
http://www.yayalu.net/Yaya-Lu-2012/Yaya-Lu-2012.htm
My web site videos also explain my project is less technical language than we have had to use in this report.
Enjoy!
I also helped my mentor put together a free beginner’s course on the new LEGO EV3 MindStorms at:
https://www.udemy.com/fun-with-beginner-lego-mindstorms-ev3-robotics
Feel free to check it out.
Yaya Lu
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CHAPTER 1. ABSTRACT
Having heard of the problems faced by a complete quadriplegic in Northern Tasmania, I decided to see if I
could prototype a system that could help people who have this type of problem. The system employs plug-in
components using a common control protocol between the distributed computers. I have developed two
headset plug-in units together with two prototype wheelchairs and an automatic shopping trolley. The trolley
would be of most use to a paraplegic, but suggestions are made to show how this could potentially be
developed to plug into the control system as a type of “personal assistant”. The system has been prototyped
using language-independent commands so that it can potentially be used by quadriplegics speaking any of the
approximately 7,000 languages spoken on Earth. LEGO MindStorms NXT equipment has been used to prototype
this system.

CHAPTER 2. AIM.
To investigate and prototype possible methodologies with the aim of assisting complete quadriplegics to
exercise independent control of some aspects of their environment. I wanted to see if I could provide a control
system that is affordable, non-intrusive, efficient, easy to use, and quick to implement, able to be used by
anyone speaking any of the 7,000 languages used on earth, and able to provide the necessary independence for
a complete quadriplegic.

CHAPTER 3. EQUIPMENT USED.
Computer.
LEGO Technic NXT sets [1].
Third party components from HiTechnic [2], Firgelli [3], MindSensors [4], and Dexter Industries [5].
RobotC programming language [6].
Plastic Holonomic Wheels [7].
Metal-infused Holonomic Wheel [8].
Motor Multiplexor [9].
AA batteries and/or a LEGO MindStorms NXT rechargeable battery pack.

CHAPTER 4. METHOD
I aimed to design and prototype a control system which could give complete quadriplegics some control
over their environment (see Figure 1).

I wanted the system to use plug-in components, using a common control protocol between these components.
Two headset plug-in units would send commands using a common protocol to two prototype wheelchairs. I
also wanted an automatic shopping trolley. This trolley would be of most use to a paraplegic, but could
potentially be developed to plug into the common control protocol to serve as a type of “personal assistant”. I
wanted the entire system to be able to be controlled by a quadriplegic using language-independent commands
so that the system could potentially be used by quadriplegics speaking any of the approximately 7,000
languages spoken on Earth. I planned to use LEGO MindStorms NXT equipment to prototype this system.

4.1. HEADSET CONTROL - HEAD MOVEMENT FOR WHEELCHAIR CONTROL
I considered the eyebrows, nose and ears as possible sensor targets [10]. Eyebrows could be
independently controlled, and could be used for wheelchair control.
My test subject had moveable ears. The movement was small but useful (about 5 mm).
Nostril dilations were also used as a potentially-measurable facial feature.

In order to measure each command, I had to investigate some sensors which I could use. There were several
possible sensor options I could choose from at the time [11].
After much experimentation, I decided that the HiTechnic Electro Optical Proximity Detector (EOPD) was best
for use with the eyebrows (for my particular test subject), ears and nose. More information about the reasons
behind these choices is listed in Appendix B.7.

4.2. VOICE CONTROL - CONTROL CODE FOR WHEELCHAIR CONTROL
The ideas behind the Morse Code and the Chinese Telegraph system was combined to create a code which
used long and short sounds for different values and sequences, whilst still having a fixed number of commands
in each group of sequences. The LEGO NXT sound sensor can be used to distinguish between long and short
sounds. This provides a universal method of control.
I used 3 Dit Dah commands per sequence, giving me eight unique commands including sideways left and
sideways right [12]. This system is versatile, and could be easily adapted for ANY movement (i.e. head rolls)
that can be short or long. A holonomic wheelchair was built to test this idea (see Figure 3).

4.3. SHOPPING TROLLEY AND POTENTIAL PERSONAL ASSISTANT
A LEGO shopping trolley, or potential “personal assistant” was also built; designed to autonomously
follow a wheelchair around in the supermarket (see Figure 4 and Appendix F).

Once the headsets and the wheelchair robots were built, I added NXTBee radios to each to allow them to
communicate.
The head movements (detected by the headset robot) were translated into control characters. A radio was then
attached to both the headset and wheelchair robots, to link communication between the two devices, because
cables are inconvenient). The control characters are translated by the wheelchair NXT computer brick into
movements for the wheelchair, telling it to go forwards, backwards, left or right [13].
A similar method is used for the voice control program. Initially, a program was written to test the functionality
of the LEGO Sound Sensor, and whether it could accurately distinguish between long and short sounds. This
was tested with multiple people to ensure its reliability and accuracy [14]. The three sequences spoken
commands were then sent to the screen for debugging purposes, translated into control characters, and once
again sent to the wheelchair and translated into movement [15].

4.4. RADIO SIGNALS FOR WHEELCHAIR CONTROL
Once the headsets and the wheelchair robots were built, I added NXTBee radios to each to allow them to
communicate.
The head movements (detected by the headset robot) were translated into control characters. A radio was then
attached to both the headset and wheelchair robots, to link communication between the two devices, because
cables are inconvenient). The control characters are translated by the wheelchair NXT computer brick into
movements for the wheelchair, telling it to go forwards, backwards, left or right [12].
A similar method is used for the voice control program. Initially, a program was written to test the functionality
of the LEGO Sound Sensor, and whether it could accurately distinguish between long and short sounds. This
was tested with multiple people to ensure its reliability and accuracy [13]. The three sequences spoken
commands were then sent to the screen for debugging purposes, translated into control characters, and once
again sent to the wheelchair and translated into movement [14].

4.5. PRACTICAL CONSIDERATIONS.
4.5.1. SAFETY CONSIDERATIONS .
An automatic warning system was also tested, to assist with detection of sudden drops in the pavement,
or obstacles behind. The idea was to stop the wheelchair, make a noise, and move away in order to avoid an
obstacle or cliff [16].

4.5.2 PERSONAL CONSIDERATIONS.

To allow the quadriplegic to reach higher shelves in the supermarket, a chair-lifting device was added
onto the wheelchair. This also aims to provide the asked-for ability for a quadriplegic to talk to others at eyelevel [17].

CHAPTER 5. RESULTS.
I was pleased to obtain good results in each of the following three areas, by demonstrating through the
use of prototypes that:
1) Control of a wheelchair by a complete quadriplegic would be possible if existing movable features of
the head were used.
2) Control of a wheelchair by a complete quadriplegic would be possible using a short sequence of sounds
of varying length.
3) An automatic shopping trolley for use by a paraplegic would be feasible.
Regarding future work, I discussed how an attached robot arm could enable the conversion of this
“trolley” into a “personal assistant” controlled by a complete quadriplegic. I discussed how the same control
system could be switched between these devices, allowing a complete quadriplegic to control all three devices
(wheelchair, personal assistant, robot arm) using a similar set of commands, saving re-learning.

CHAPTER 6. DISCUSSION.
6.1 PREVIOUS CONSIDERATIONS
Complete quadriplegics are people who have breaks in their spinal columns above the C7 vertebra, and
therefore have no control over any of their limbs, only being able to move their head. They are forced to be
confined to wheelchairs in order to get anywhere and, if they did, they were most likely pushed by others [18]. I
read about some examples of people who had problems with getting where they wanted to go on a daily basis,
and wanted something which could help them get from place to place efficiently and independently [19]. I
wanted to help the complete quadriplegics to have independence in their movements, hence allowing them to
rely less on others to complete everyday tasks.
Looking at other examples of previous wheelchair devices for complete quadriplegics, I have found they
can be quite uncomfortable and fidgety. There was the case of a project where a magnet was glued to the
quadriplegic’s tongue, and used to determine the movement of the wheelchair in relation to the direction the
tongue is moving [20]. This would be extremely inconvenient for the quadriplegic, as it may be hard for
him/her when eating or speaking normally. Magnets can cause major problems if two magnets are accidentally
swallowed [22]
The most common method used to associate wheelchair movement and quadriplegics is voice word
recognition software which requires a powerful computer. This is a good idea in theory, but educating the
software to cope with every individual person’s language, accent and word preference can be quite fiddly and
time-consuming (and in some cases, quite expensive) to implement properly. Also, if the quadriplegic happened
to have a sore throat that day and couldn’t speak properly, the software wouldn’t respond, causing even more
problems for the quadriplegic.
I have read of some attempts to control a wheelchair by thought. Last year headsets manufactured by
Emotiv [23] became available. These are portable electroencephalographs. Theoretically it is possible, with
training, for quadriplegics to change their thoughts so that the electrical signals on the surface of their heads
change. This change is able to be recorded and used to change a motor. The problem with this approach is that
the signal is so complicated that only a couple commands can be used reliably, especially as a person’s thoughts
can be easily distracted. A recent news item appears to support this low limit of useful commands [24]. This
approach would not provide the number of commands I want to use to allow a quadriplegic to control a
wheelchair.

The most expensive approach to thought control involves implanting a sensor onto the surface of the
human brain itself. A recent report shows a woman controlling a robotic arm using thought alone [25], which
allows her to drink coffee through a straw from a thermos. This is certainly a remarkable achievement,
however the sensor was implanted around 5 years before this test, and it is only recently that this level of
control has been obtained. The video demonstrating this remarkable achievement showed that the woman had
control of her head movement, and she therefore could have been able to use other systems which are

controlled by head movement, at vastly less expense, less-intrusive (not to mention, undergoing a potentially
dangerous surgical procedure) and more quickly.
These situations spurred my idea to aim to provide a control system which is affordable, non-intrusive,
efficient, easy to use, easy and quick to implement, able to be used by anyone speaking any of the 7,000 or so
languages on Earth, and be able to provide the necessary independence for a complete quadriplegic.

6.2 HOW I CHOSE THE MATERIALS USED TO PROTOTYPE THIS EXPERIMENT
I prototyped my proposed system using LEGO MindStorms NXT (see Figure 2, Figure 6 and Appendix
A.5). These LEGO MindStorms NXT sets are quite inexpensive compared to some of the wheelchairs designed
specifically for quadriplegics today [26].
I chose LEGO MindStorms NXT as I knew from previous experience that this set is versatile. I also thought
my familiarity with this NXT system that has accumulated over several years of use in competitions (including
RoboCup World firsts [27]) would help reduce development time, allowing me more time for schoolwork.

I have previously used the RobotC programming language. Of the several NXT languages I have used, it seemed
to have the best debugging facilities, and it was the fastest to use [28]. I have also gained other experience by
assisting in tutorial videos on my mentor’s website [29].

6.3 FACIAL MOVEMENT CONTROL SYSTEM
After much experimentation, I decided that the LEGO light sensors could be used for detecting eyebrow
movements for people with dark eyebrows. Distance-measuring HiTechnic EOPD sensors could be used to
measure changes in position of fair, bushy eyebrows [30]. A distance-measuring EOPD sensor was successfully
used with detection of ear movements. An EOPD sensor was used for measuring nose dilation, but it only
worked marginally well, as the movement of the nose surface was quite small (see Figure 2).
I excluded consideration of the mouth and eye areas, as it was important not to interfere with the
quadriplegic’s eating or speaking [31] as I was afraid of possible eye damage from the infrared sensor on the
retina.

6.3.1 PROBLEMS
A major problem with using the NXT LEGO light sensor is that it is very sensitive to changes in ambient
light levels. This made a huge difference when we were testing it indoors and then outdoors, day and night, or
even in shadows. In the real-life wheelchair, we need the sensor to be sensitive enough so that the

quadriplegic’s movements can be detected, but not sensitive enough that it would be majorly affected by
moving to different places.
I did not have enough EOPD sensors to enable me to test a complete head-set at the one time; so I had to
test it in two halves. This meant testing the eyebrow and ear movements separately. However the programs are
quite small, and I believe that the system would have had no problems working as one complete system if
sufficient EOPD sensors had been available.
Although many humans have not developed the ability to move their ears, it seems to be a latent ability,
achievable with practice [32]. I found no evidence of pure genetic inheritance of these traits on the Internet
[33].
The sensors which come with the NXT set are quite large, but the electronic components inside are
relatively small. In the future, a solution to this would be to fit the electronic parts of these components into a
pair of thick-rimmed glasses, rather than onto a headset [34].

6.4 VOICE CONTROL SYSTEM
A voice control system could be used if the quadriplegic was unable to move areas of the head. The
preferred voice control system had to be easy for the quadriplegic to use and calibrate, and hopefully easy for
me to implement [35].
Typical voice recognition systems available nowadays are complex to program; languages, accents, and
personal idiosyncrasies make recognition difficult. To fix this problem, a simple universal voice control system
had to be designed [36].
Morse Code was investigated. It used dots and dashes (hereafter known as “Dits” and “Dahs”). However,
this code system is very difficult to remember, and it had varying command lengths and three different exactly
delineated signal and wait times between each command. This exactness meant using Morse Code [37] would
be impractical (see Figure 7 and Appendix D.1.3 – D.3.1).

The Chinese Telegraph System [38] was also investigated. This code had a set number of commands (code book
page number, row number, column number) per character. This meant that there were no varying lengths of
codes, and there was an obvious place where the command would end (see Figure 8 and Appendix D.3.1).

6.4.1 PROBLEMS
I expected to have to calibrate the LEGO sound sensor to deal with different background noise levels. I
calibrated this for indoor use, and found that, if the sound sensor was held reasonably close to the mouth, that
the system responded quite reliably without having to change the initial calibration when moving around the
house, even when TV is blaring out at a volume preferred by my grandmother, who is starting to have some
symptoms of deafness that often goes with an advanced age.
I expected to have to calibrate the “dits” and “dahs” individually for each person. However after testing
the system with a variety of English and non-English-speaking people, I found that the lengths of the “dits” and
“dahs” were surprisingly similar, and that an initial “decision point” built into the software worked for most of
the people who tried the system. If necessary, this “decision point” is easily changed.

6.5 SHOPPING TROLLEY
The prototype automatic shopping trolley worked well although, if a full-size system was made, careful
adjustment of the way the trolley approached the wheelchair would be necessary.
I used a HiTechnic IRSeeker sensor to reliably find the direction of the wheelchair. This worked well, as
long as there was a clear line of sight between the shopping trolley and the wheelchair.
I considered two sensors to use to stop the shopping trolley from banging into the wheelchair.

A touch sensor worked quite reliably, but the touching part of the sensor had to be very carefully placed,
otherwise the trolley would hit the wheelchair before the touch sensor was activated. This often happened if
the trolley met the wheelchair at an angle.

To attempt to obtain a more reliable approach, I tried an ultrasonic sensor that detects sound echoes (see
Figure 9 [39]). This has two advantages. The first is that the trolley does not have to bump into the wheelchair,
because it can be stopped a certain distance from the wheelchair. The second is that the speed of the trolley
could be changed as the trolley got near the wheelchair. The speed could be made less as the distance between
the wheelchair and the trolley became less.

The only problem with the ultrasonic sensor was that, if the wheelchair was at an angle to the trolley, the
reflected sound waves could be weak because most were reflected sideways by the flat surfaces on the
wheelchair (Figure 10). This could be easily fixed in a full-size version of this system by careful design of the
wheelchair.
The automatic shopping trolley would be better suited for a paraplegic than a quadriplegic. But if a robotic arm
was added, and the extensions of the wheelchair control systems were used to control both the shopping
trolley and the robotic arm, the shopping trolley would be converted into a virtual assistant for the
quadriplegic. This “assistant” could be sent to obtain items, or switch items on and off, to assist the quadriplegic
[40].

6.6 OTHER PROBLEMS ENCOUNTERED WITH EQUIPMENT
There were some big problems encountered with the Linear Actuator. I had to send it back to its
manufacturer, and this set our experiment back a few months [41].
The initial version of the NXTBee Pro did not have an on/off switch, and the battery ran down very
quickly. Pulling the tight battery connections repeatedly on and off every time I used it caused wires connecting
the battery and the NXTBee Pro to snap. This was a design fault. Re-soldering was difficult as the circuit was so
tiny. I had to send them back to the supplier in America and obtain a replacement that had been re-designed to
include an on/off switch on the circuit board. The new version worked well.

CHAPTER 7. CONCLUSION
I successfully prototyped a control system which could be of assistance to a complete quadriplegic. The
successful implementation in a prototype of the facial movement and voice control systems showed that it is
possible for a complete quadriplegic to control a wheelchair. I used a plug-in control system that allows easy
future extension. It is anticipated that this system, or an extension of this system, would be applicable to most
complete quadriplegics. The automatic shopping trolley can assist a paraplegic, and has the potential (with
further work) to act as a “personal assistant” to complete quadriplegics.
This demonstrates that my hypothesis is reliable; that I CAN investigate and prototype possible
methodologies with the aim of assisting complete quadriplegics to exercise independent control of some
aspects of their environment in a way that is language independent.
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APPENDIX A
HOW CAN WE HELP?
This project is about how we can provide independent wheelchair controls for a complete quadriplegic.
These Appendices show all the evidence and research behind my whole experiment.

A.1 WHO IS A COMPLETE QUADRIPLEGIC?
A person becomes a quadriplegic when there is a break in the spinal column above the C7 vertebra.
The “Disabled World” website [43] states that “A lesion of the spinal cord that results in paralysis of
certain areas of the body, along with the corresponding loss of sensation.” If the break is below the C7 vertebra,
the website continues “The clinical term incomplete … applied to spinal cord injury indicates that the patient
has some sensory or motor function below the lesion level.” This condition is often referred to as paraplegia.
If the lesion is above the C7 vertebra, the website comments that “a person that does not have preserved
sacral sensory or motor function [below the lesion] should be [called a] complete [quadriplegic].”

A complete quadriplegic is unable to control (has paralysis in) their arms and legs. A paraplegic, however, is the
usual result when the break is below the C7 vertebra. They usually have some control over their limbs.
This project aims to allow a complete quadriplegic to have control of their wheelchair.

A.2 DEPENDENCE OF QUADRIPLEGICS ON OTHERS

I researched cases of quadriplegics who had problems with their wheelchairs and wheelchair controls.
Quadriplegics who were only recently affected by the injury had difficulty adjusting to the lifestyle which is
presented to them. Everything was put in a different perspective, and all of the things which we take for
granted, they had trouble with. According to an article written by an anonymous quadriplegici, he felt that he
had to “modify [his] home of the past 20 years to accommodate [his] new needs”. He also had to get an
apartment with a large elevator in order to get around, considering the fact that many houses nowadays have
stairs.
In relation to the wheelchair, they were more suited to comfort than helping with the movement of the
quadriplegics. Not only this, different wheelchairs suit different people. Not all quadriplegics are happy with
their wheelchairs. The anonymous quadriplegic stated in his article that the “Power wheelchair provided to me
by the VA was not well-suited to my needs.” [45]
Quadriplegics require massive dependence on others to get through daily life, as well as constant supervision.
According to the anonymous quadriplegic [44], “Almost any outing requires planning. A permanently packed
case on my wheelchair contains those things which I might require when away from the house. Marion (his
sister) carries a cell phone so that I can reach her if she is away. I carry a cell phone so I can call home if I’m
away by myself.” [46]
In a similar circumstance, there is a man at Mole Creek, Tasmania, who is also a quadriplegic. I am told that,
every day, his sister comes out of the house and goes to work. If she thinks it is cold outside, she puts a blanket
on him, and if she thinks it’s warm, she takes the blanket off. Of course, considering average Tasmanian
weather, it changes constantly. So if it gets unexpectedly hot during the day, he has no way of taking his blanket
off (or calling his sister to tell her to come home and take it off for him). He would virtually swelter under the
heat, and who knows how many more health problems could arise from that.
Not only does it affect the quadriplegic, the dependence issues also affect the helpers. They can be separated
from their jobs for days on end, trying to help the quadriplegics and look after them. They are to have constant
contact with them if anything goes wrong. Even though helpers don’t usually say anything about it, it is highly
inconvenient.
These are the reasons why it would be good if I could construct a wheelchair, or a wheelchair control method,
which would allow the quadriplegic to gain independence.

A.3 DESIRE FOR INDEPENDENCE
For quadriplegics, relying on other people is very difficult. If I could find some way to solve these above
issues, by helping the quadriplegic gain independence, then that would really benefit both the quadriplegic in
question, and the person who would usually looks after them.

A.4 EXPENSE OF MODERN WHEELCHAIRS
Wheelchairs nowadays are pretty advanced: they’re filled with gadgetry (for sophistication of
movements) and cushioning (for comfort). However, they focus more on providing comfort for the quadriplegic
than independence. As shown in the previous appendices, it is vital for a quadriplegic to have independence in
their day-to-day lives with the capability of a personally-controllable wheelchair.
However if you look at the price of a modern wheelchair, it is shocking. A typical quadriplegics wheelchair
(an electrical power chair) which doesn’t even have the features required for quadriplegic independence, can
amount to more than $10,000. This means that if methods for quadriplegic independence are added, the price
would be much higher than this.
It is obvious that a relatively inexpensive solution would be highly desirable.

A.5 PROTOTYPING THE WHEELCHAIR

I needed a wheelchair to be able to experiment with the systems and allow a quadriplegic to be able to
control a wheelchair independently (see Figure A.3). However, as there was no way I could afford the money
for a real wheelchair, I had to think of another method. So I decided to prototype the whole system by using two
robots made out of materials provided by some LEGO MindStorms NXT kits, with one as the headset and the
other as the wheelchair itself (see Figure A.2).

In the future, if the prototype works, I could develop a full-scale model of the prototype. This would incorporate
similar ideas to the prototype, and the functionality would be relatively the same.

A.6 LEGO MINDSTORMS NXT
A.6.1 WHAT IS LEGO MINDSTORMS NXT?

Mindstorms.Lego.Com defines the NXT brick as:
“The NXT [brick] [47] is the brain of a MindStorms robot. It’s an intelligent, computer-controlled LEGO
brick that lets a MindStorms robot come alive and perform different operations”
A typical NXT kit [48] comes with a variety of joining pieces, beams, axles and rods. It also comes with a
variety of sensors, motors and wheels.
A programming language is also used to send commands for the robot, in order for it to complete a task.
In my case, I’ll be using RobotC, [49] as it is the fastest [50] and most versatile programming language [51] of
the ones I use at the moment. It also has excellent debugging facilities, making the rapid production of a reliable
program much easier. This latter point is very important for me, considering my limited “spare” time.

A.6.2 HOW IT CAN BE USED TO PROTOTYPE A SUITABLE WHEELCHAIR CONTROL SYSTEM
Since the LEGO MindStorms NXT sets are so versatile, they are fantastic for prototyping. The sensors
provided (as well as some 3rd party sensors that can be used with this) and the vast choices of programming
languages can be very useful and are just as versatile. Also, as mentioned below in A.6.3, they are relatively
inexpensive, making them an ideal prototyping system for a high school student like me.

A.6.3 EXPENSES
The advantage of using this system for prototyping is that it’s relatively inexpensive, as the computer
brick costs approximately $250 compared to other vastly expensive options. If I could get this prototype to
work with the NXT system, there is other computer circuitry available for less than $80 (e.g. the Arduino [52])
which could also be used to control a wheelchair.

A.6.4 LIMITATIONS
Nowadays, only the NXT 2.0 kit is commonly available. This set has a more limited number of sensors and
motors than the original. However, if you are in need of sensors or motors, you can always visit the
mindstorms.lego.com website and order more online. If you can’t find a particular type of sensor you need (e.g.
one that measures speed of movement), you might need to visit some 3rd party websites such as
HiTechnic.com, MindSensors.com and Dexter Industries.
The NXT sets contain a limited number of pieces of equipment, i.e. beams, levers, gears, contained in these
sets (in both the old set and the NXT 2.0). Even though the range of these materials are quite diverse, it’s still
not sufficient to accurately model some areas where a tight control of sizes are needed, for example, the
headset could be only approximately simulated.

APPENDIX B.
CAN WE CONTROL A ROBOT WHEELCHAIR USING ONLY THE
MOVEABLE FEATURES OF THE HEAD?
I thought that a possible way of controlling a complete quadriplegic’s wheelchair could be to use the
moveable features of the head. I will discuss this approach in this Appendix.

B.1 ARE THERE SUFFICIENT MOVEABLE FEATURES OF A HEAD TO CONTROL A
WHEELCHAIR?
There are several possible movements around the head area, which would be a sufficient way of
controlling a wheelchair. One way we can do this is to use parts of the head which a quadriplegic could still
control.

B.1.1 FACIAL FEATURES WHICH COULD BE USED
The likely maximum number of moveable features available could be the independent movement of two
eyebrows, dilation of the nostrils, and possibly movement of the ears. While I realize these movements are not
currently practiced by all, this would be a best-case scenario.
Almost all of these options can be trained; they aren’t always genetically-influenced. This means that if
the quadriplegic did not originally know how to move these facial features, there is always a way for them to
learn and train themselves to move them [53].
I also tried to make sure that these four facial features would be able to move sufficiently so as to
distinguish them between used and not used.

B.1.2 EXCLUSION
I have excluded wiggling of the nose [54], not because it is not possible, but because my test subject has
not learnt to do this.
I also excluded the mouth in this part of the experiment because I thought the quadriplegic should not
have restrictions with eating and talking. There was a case of a university student who has reported
implementing a control system using a magnet glued to the person’s tongue [55]. This, I thought, would be
extremely invasive, interfering with the person’s normal use of the tongue.

B.2 WHAT MOVEMENTS WOULD WE WANT THE WHEELCHAIR TO DO?
Every wheelchair needs to move, and there are many movements associated with wheelchairs: curves,
left, a fast brake, slower etc. However, since we do not have enough moveable facial features, I decided in my
initial prototype to use only the basic wheelchair movements. This showed that we needed a forwards (to
move) a left and a right (to turn around corners), a backwards (to back out of places) and a stop. In my later
prototypes I extended these sets of commands to incorporate more variety.

B.3 HOW CAN WE INCORPORATE THE MOVEABLE HEAD FEATURES WITH THE
MOVEMENTS OF THE WHEELCHAIR?
One way I can use these movements to control the wheel-chair could be the following:

B.4 IS THERE A METHOD OF INITIAL TESTING FOR THESE MOVEMENTS?
The method I used was to initially build a substitute wheelchair from the design of ClareBot [56]. I added
four switches (using LEGO NXT touch sensors) to represent the four moveable features on the head of a
quadriplegic (See Figure B.1)

After this, I wrote a RobotC program to help confirm that the robot can produce the behavior suggested in the
table above. This program was highly successful, and demonstrated that you could control the movements of a
“wheelchair” as specified in the table.

B.5 WHICH SENSORS COULD WE USE ON THE HEADSET?
The next task was to design a headset which would be able to translate the movements of the
quadriplegics’ facial features into letters. These, in turn, could be sent from the headset robot to the wheelchair
robot to control the wheelchair.
When building the headset I planned to use sensors to observe the movements of the quadriplegics’ facial
features. I considered the following sensors as possible candidates for use in the headset.

B.5.1 LEGO ULTRASONIC SENSOR
This LEGO ultrasonic sensor [57] uses ultrasonic sound reflected from an object to measure the distance
of the sensor from that object. It works best at distances of 15 cm to around 30 cm, and is not very accurate
below two or three cm.
If I were to use this, it would mean that the sensor would have to be mounted quite far away from the
face. This would be very inconvenient (aesthetically displeasing) and could easily catch onto other things while
the quadriplegic is in the wheelchair.

Not only this, but the headset is huge, it would look very ugly, and the sensor would obscure the
quadriplegics’ view (as the ultrasonic sensor is the biggest out of all the LEGO sensors). I decided against using
this sensor for our headset. However, I considered this an option as a last resort.

B.5.2 LEGO LIGHT SENSOR
The LEGO light sensor [58] is better in size compared to the ultrasonic sensor, as it is much smaller and
much lighter. It also works well at short distances (accuracy is best from 5 mm to 1 cm).
However, the main disadvantage of this sensor would be that it’s affected by changes in ambient light. If
the quadriplegic moves from a bright area into a darker area, then there will be problems. Also, the sensor
needs to be calibrated before use.

B.5.3 HITECHNIC EOPD SENSOR
HiTechnic’s Electro Optical Proximity Detector (EOPD) sensor [59] is similar in principle to the LEGO light
sensor, except that the light is sent in bursts, and the sensor is programmed internally to only accept reflection
from these bursts. This means that the sensor can handle changes in ambient light quite well. This gives us an
advantage over the LEGO light sensor. It is the same size as the LEGO light sensor.

B.5.4 LEGO TOUCH SENSOR
I thought about using the LEGO touch sensor [60] to measure the dilation of the nostrils. I was concerned
that the touch sensor would have to be rubbing against the nostrils for some hours. This would not only be
intrusive, but could also make the skin sore. The possibility that this irritation could cause a sneeze, possibly
damaging the headset, was also a worry. This was a less favoured option.

B.5.5 LEGO COLOUR SENSOR
The LEGO light sensors and the HiTechnic EOPD sensors work on the intensity of the reflected light,
whereas the LEGO color sensor [61] actually detects changes in the color of the object being illuminated by the
sensor. I wondered what would happen if the quadriplegic blushed. It would be unfortunate if the wheelchair
suddenly surged forwards or backwards when the quadriplegic was embarrassed. I eliminated this possibility.

B.5.6 OTHER SENSORS AVAILABLE
There were a few other sensors I had but ended up rejecting due to the following reasons.

B.5.6.1 HiTechnic Acceleration sensor
The HiTechnic Acceleration sensor [62] could be used to measure the acceleration of a body part when it
is connected and attached to it. However, because of its size, it is quite inconvenient and uncomfortable. Its size
would also interfere with the movement of the facial feature.

B.5.6.2 HiTechnic Magnetic sensor
One of the projects I heard about which aimed to help complete quadriplegics used a magnet glued to the
tongue. When the quadriplegic moved his tongue from one place to another, the wheelchair corresponds to that
particular movement, and moves in that direction. However, this could get quite messy from all the saliva which
would collect around the tongue area; not to mention that the magnet would largely interfere the quadriplegics’
eating and/or speaking. I thought it was best to avoid this intrusiveness if possible. I decided not to use the
HiTechnic Magnetic sensor [63].

B.5.6.3 HiTechnic Angle sensor
The HiTechnic Angle sensor [64] could be used to measure rotation, but this would have meant the
complication of using levers or gears. I thought simplicity was better for this project.

B.5.7 SENSORS CHOSEN AND THEIR USES
I ended up choosing the EOPD sensor for detecting movements of the ears and the nose, but we did not
have enough EOPD sensors for the eyebrows as well. So instead, I initially chose the second-best option, which

was to use the light sensors. If I had more EOPD sensors, I definitely would have used these instead of the light
sensors. Because of the inadequate number of EOPD sensors available to me, I later had to make do with testing
a part of the headset at the time; not all at once.

B.6 THE LEGO HEADSET
B.6.1 THE BUILDING PROCESS
I built the prototype headset using LEGO technic components.
Because of the oddly-angled pieces of LEGO, it was difficult to match the exact shape of the head.
Fortunately, my pretend quadriplegic was bald, and so we could use double-sided tape to attach the headset to
the head. If this headset was to be professionally-made, it could include spring components, which would allow
it to sit securely and comfortably on the head without the need of tape. However, as this was just aimed as a
prototype headset, we did not need it to be exact.

B.6.1.1 EOPD (ears) placing and arrangement
After the headset was settled into place, the position of the EOPD sensor was adjusted to be a suitable
distance from the back of the ear. The adjustment available was in steps of one LEGO hole (9 mm). These steps
were larger than desirable, but were just within the operational range of the EOPD. My subject could move both
ears together, but not one at a time. He could move these without moving the eyebrows. The movement of his
ear was around 5 mm, which the EOPD sensors could detect reasonably well (provided the headset was firm
and did not move).

B.6.1.2 Light (eyebrows) placing and arrangement
The two light sensors were added to the headset. They were difficult to adjust, because whenever the
headset changed position, I had no choice but to change the position of the light sensors. The light sensors were
also quite bulky, which meant it became quite intrusive for the wearer when the light sensors were positioned
onto the headset. The movements of my subject’s eyebrows were around 20 mm (vertically). This movement
between default and raised eyebrows was enough to get an accurate reading in the light sensor. In other words,
the light sensor is able to distinguish between dark (eyebrow) and light (skin below when the eyebrow is
raised).

B.6.1.3 EOPD (nose) placing and arrangement
Similarly, an EOPD sensor was added to the headset adjacent to the nose. Initially, I intended to measure
the dilation of the nostrils (approximately 1 mm, which is about as small a movement as we can detect with an
EOPD sensor). It was difficult to measure this reliably. However, I found to our surprise that when the headset
slipped and the sensor was badly-adjusted, that we got a more reliable reading. It turned out that the area
above and adjacent to the lower portion of the nostrils moved inwards, as the lower side of the nostrils moved
outwards. This inwards movement was slightly greater than the outward movement of the lower portion of the
nostrils, and occurred over a greater area of the nose. It provided a more reliable measure of nose dilation (see
paragraph B.7.1), and was what I ended up using in practice.

B.6.2 TEST HEADSET SENDING COMMAND CODES TO THE CHAIR CONTROL
After I had completed the headset, the next step was to individually test the sensors to make sure that the
RobotC program in the headset computer would produce the right command letters to be sent to the
wheelchair.

B.6.2.1 Ears
A RobotC program was written to send a command code to the headset computer brick screen when the
ears moved. This worked. The program was extended to send the command letter to the wheelchair robot, in
turn, on the wheelchair computer brick screen. This worked as well. The program was then further extended to
control movement of the wheelchair robot successfully.

B.6.2.2 Nose
A RobotC program was written to send a command code to the headset computer brick screen when the
nostrils moved. This worked. The program was extended to send the command letter to the wheelchair robot,

in turn, on the wheelchair computer brick screen. This worked as well. The program was then further extended
to control movement of the wheelchair robot successfully.

B.6.2.3 Eyebrows
This was different from the other two programs, because I needed the two eyebrows to move
independently. My subject is not capable of moving only one nostril or only one ear. However, he is capable of
moving each eyebrow independently. A RobotC program was written to send different command codes for the
following: left eyebrow up, right eyebrow up, or both eyebrows up. Each had a different command [65]. This
worked. The program was extended to send the command letters to the wheelchair robot, in turn, on the
wheelchair computer brick screen. This worked as well. The program was then further extended to control
movement of the wheelchair robot successfully.

B.7 EXTRA INFO
B.7.1 NOSE DILATION COMPARISON
The nose dilation movement was used, however with extra experimentation, I found that the difference
between dilation and non-dilation was extremely small. In fact, I found that the join between the nostril and the
structure of the nose created a more distinct difference than the dilation of the nose itself (see Figure B.2).
In the end, it was decided that I would use the indent for nose movements rather than the original, which
was the dilation of the nostrils

However if nose dilation difference was required for the quadriplegic, I would have to get some more sensitive
sensors, so that they would be able to pick up even the slightest nostril movement. I could also arrange a fixed
position for the sensor (e.g. a clip which goes across the nose) so that it wouldn’t move around as much. This
would be important especially when using highly-sensitive sensors.
In general, although I did manage to be able to control the wheelchair using nose movement, I felt that the nose
movement was too small to be consistently reliable. I don’t think I would use this in practice to control a
wheelchair unless there were no other options available.

B.7.2 LIMITED NUMBER OF EOPD SENSORS
You may have noticed throughout this experiment, that I never seemed to put all of the methods into one. This
is because in my later experiments I didn’t have enough EOPD sensors in order to put them all on at the same
time; and considering the time restraints, I did not have enough time to order new ones before the deadline.
This might have affected the reliability of the results of this experiment, because a movement of ears might also
pull the skin of the nostrils, causing the EOPD sensor near the nose to assume its purposeful nose dilation.

B.7.3 REPROGRAMMING FOR EACH TEST

Because everyone has different head shapes, movements, feature placements and skin tones etc., it means that
before each test with a different person, a major reprogramming needs to be done. This is why there needs to
be a specifically-designed headset for each person, making sure that the headset is perfectly molded onto their
heads to make sure the headset is comfortable and doesn’t fall off. This is also a reason why it would be difficult
to demonstrate this headset on different people (without spending at least half an hour fixing it and shaping it
onto their heads before-hand).
Not only this, but if there are sudden changes in lighting, it may mean more reprogramming. Of course, having
the EOPD sensor instead of a typical LEGO light sensor would reduce the risk of reprogramming a little, but not
eliminate it completely.

B.7.4 EVERYONE COULD BE MEASURED DIFFERENTLY
As previously stated the indentation of the area above nostrils created a bigger difference in EOPD reading than
the dilation of the nostrils, I could incorporate this idea into other features.
If a man had bushy eyebrows, it could probably be more appropriate to measure the distance between the skin
and the eyebrows using HiTechnic EOPD sensors, instead of using LEGO light sensors to look at a color
difference between the eyebrows and the surrounding skin. For a woman, it may be more appropriate to use a
LEGO color sensor, if she has plucked eyebrows and uses makeup.
The problem with this option, however, is if someone has either no eyebrows (e.g. as a result of chemotherapy),
or has light blonde or very thin eyebrows. We could solve these issues using an eyebrow pencil, but this can be
very inconvenient if the quadriplegic had to have someone put it on by every day after each wash. An eyebrow
tattoo could be another possible solution.

B.8 SUMMARY
Overall, this control system seems to have worked reasonably well, considering the restrictions, and could have
provided a quicker, more affordable and more efficient control system than the system in which the woman
used thought control after brain surgery [66].

APPENDIX C
ARE THERE SUFFICIENT METHODS OF COMMUNICATION
BETWEEN ROBOTS?
In order to prototype a system which requires two robots working simultaneously, there needs to be
some connection or link from one robot to the other, i.e. the headset robot to the wheelchair robot.

C.1 WHAT WAYS CAN THE HEADSET ROBOT CONTROL THE WHEELCHAIR ROBOT?
Ideally, I would like the headset circuitry to be able to operate the wheelchair circuitry without a
connecting cable. This would make repair and maintenance of these much easier if the whole system did not
have to be taken apart to be repaired.

C.1.1 COMMUNICATION OPTIONS
I considered several ways of getting the two computer bricks to talk to each other. The ways that bricks
could communicate with each other could be either wireless or optical.
Optical sensors are available from HiTechnic, the NXT IRLink sensor [67] and the NXT IRReceiver sensor
[68]. Optical communication has the advantage that it can be very high speed, however it travels in a straight
line, which can be easily blocked by clothing or the presence of a helper, whose clothing or body may get in the
way of the light beam. Since I did not imagine that a lot of data would need to be communicated quickly, and the
possibility of interrupting the light beam seemed high, this option was not investigated further.
There are two wireless options, Bluetooth [69] and Dexter Industries NXTBee accessories.
Bluetooth had the advantage that it was already built into the NXT computer bricks. The main
disadvantage was that Bluetooth has a very short range; around 15-20 feet (even less, if the quadriplegic
person is near steel sheets and concrete walls etc.).
The other option was the Dexter Industries NXTBee device. This device is a peripheral device, and comes
in two versions: NXTBee [70] and NXTBee Pro [71]. These have the advantage over Bluetooth, as they are able
to be used to communicate with each other over a much larger range.
The NXTBee is able to work at a distance of 90 meters (about 98 yards) outdoors and 30 meters (about
32 yards) indoors (again, under conditions where there are no concrete walls or steel sheets), whereas the
NXTBee Pro can be used reliably up to a kilometer (about 2/3 mile) outdoors and 90 meters indoors. This
enlarged range is handy as I think it will ease the problems of maintenance and testing. One problem is that the
NXTBee is not free (NXTBee: $55 each, NXTBee Pro: $78 each), while the Bluetooth devices are included in the
price of the NXT robot.

C.1.2 TESTING THE NXTBEE
C.1.2.1 Initial problems with the NXTBee Pro
I purchased the NXTBee Pro, as I thought that the longer the range, the more reliable. I ran a few tests
with an early version of the NXTBee Pro, but unfortunately the design feature was quite weak. It had no on/off
switch, and so the battery connections had to be disconnected at the end of each run. This was quite
inconvenient, as I thought the quadriplegic would prefer efficiency and agility. Another problem was that the
wires connecting the battery to the NXTBee Pro’s printed circuit board broke. My mentor thought this was
probably due to metal fatigue. We advised the manufacturer about this. A new version of the NXTBee Pro has
now been produced, which includes an on/off switch. However, with our early version, I need to be particularly
careful, as my mentor says constant soldering is not good for the printed circuit board. Apart from this, the
NXTBee Pro peripherals worked well.
We now have a new version of the NXTBee Pro, and this works satisfactorily, and it doesn’t have the
problems which were present in the previous/initial version.

C.1.2.2 Using the NXTBee Pro
The process of testing and getting the NXTBee Pro units to work was as follows:

I found that the NXTBee Pro only worked when connected to the NXT brick’s slot 4. Slot 4 could operate
at a higher speed because it had extra circuitry which was not currently used in any standard NXT sensor. The
NXTBee Pro was the only sensor I’d seen which used this extra circuitry. Using the NXTBee Pro in this nonstandard manner required a close knowledge of the way the computer chip and circuitry in the LEGO
MindStorms NXT computer brick worked. This was beyond my experience, and my mentor wrote some
tutorials which taught me how to use the NXTBee Pro [72].

C.1.2.3 Sending the command code characters between the computer bricks
I first tested the character-sending procedure by sending the command code character from RobotC to
the screen of the computer brick. This worked well.
Next, I changed the RobotC program in the first computer brick so that it sent the character by wireless to
the other NXT computer brick. I then wrote a RobotC program for the other NXT computer brick so that it
would be listening for any characters being sent from the first computer brick. To check that these programs
worked, I made both computer bricks display these command code characters on their individual LCD screens.
This also worked well.
After several tests, and several re-soldering of the battery wires to the circuitry in the original NXTBee
Pros, I achieved good communication between the two robots. This was really encouraging, because it meant
that communication between two robots (i.e. headset and wheelchair) via NXTBee was possible. The details of
doing this were as follows:

C.1.3 WRITE COMMAND CODE LETTERS TO SCREEN
I wrote a RobotC program which sent a command code letter to the screen of the headset robot. This
allowed me to check that the data input program has actually worked.
This program was then modified to also send the same character from the headset NXTBee, sending it by
wireless; allowing it to be received by any NXTBee in that area.

C.1.4 RECEIVE NXT COMMAND CODE LETTERS TO SCREEN
I wrote another RobotC program to run in the wheelchair NXT. This program waited until it received a
character (broadcasted from the headset NXT) and sent this program to its own screen.
I ran the two programs together, and was delighted when the command code letters sent by the headset
NXT (which appeared on the headset screen) also appeared beautifully on the wheelchair NXT screen. This
showed that we had good communication between the two NXTBee units that were attached to the LEGO NXT
computer bricks.

C.1.5 USE RECEIVED NXT COMMAND CODE LETTERS TO CONTROL WHEELCHAIR MOVEMENT
The wheelchair NXT robot’s program was then modified so that the command code letters received from
the headset NXT controlled the motors which in turn controlled the robot wheelchair’s movements. Again, this
worked nicely, and I was really pleased with my results.

APPENDIX D
CAN I CONTROL A ROBOT WHEELCHAIR USING A CONTROL
CODE?
One of the problems with the movable facial features idea was that not everyone could move their nose,
their ears (or either ear), and both their eyebrows. So I decided to investigate the use of a control code that
could use signals like a head roll, or voice sounds, as I thought this might be simpler and more widelyapplicable.

D.1 WHAT TYPES OF CONTROL CODES COULD BE APPROPRIATE FOR THIS EXPERIMENT?
There have been some previous attempts to use voice recognition for control of a wheelchair.

D.1.1 PREVIOUS ATTEMPTS
My research has shown that, so far, a few attempts have been made to control a wheelchair by voice
recognition. Several of these cases have been written up, and they usually have the advantage of using ordinary
language commands such as forward, backwards, left and right. In other words, the users do not have to learn
new codes to control the wheelchair’s movements..

D.1.2 PROBLEMS WITH VOICE RECOGNITION SYSTEMS
However, there were also several disadvantages with the use of existing voice recognition systems. One
disadvantage was that the spoken commands would be different for every one of the approximately 7,000
languages used on earth. The programs would have to be partially re-written for these different languages, and
for different accents within some of these languages. Also, it seems that, unless large computers were used,
about four commands were the most I found in the articles I read, so this way of programming the very small
inexpensive computer chips I planned to use seemed to mean that very few commands could be used.
Our ideal prototype system would (in my view) be relatively inexpensive compared to those solutions
involving expensive laptops to translate voice commands. Nowadays, laptops with sufficient power to reliably
run voice recognition cost well above $1000. Even voice response systems like Apple’s iPhone Siri or Google’s
Android Voice Search systems requires on-line connection to huge powerful expensive remote server
computers to operate. I would have preferred a less expensive solution that did not need continuous
connection to the Internet, because the internet is not available in many parts of the world.
I also wanted a system that would be, if possible, language independent. The voice recognition systems
that were reported previously did not meet this requirement.
I also preferred a system that would allow more than four or five commands to be used. From our
reading, it seemed that the word recognition systems used so far that were based on small chips that were not
connected to the internet did not meet this requirement. I considered this word-based voice command
approach, and ended up rejecting it.

D.1.3 CONSIDERING MORSE CODE
But what other ways could I command the wheelchair apart from voice recognition?
After several brainstorming sessions, I decided to investigate one of the very old systems for
communication: Morse Code. While this had the disadvantage that a code had to be learnt, it had the
considerable advantage of being potentially language independent.
It also had the advantage that the cheapest possible type of microphone could be used; instead of one
needed for voice recognition that covered the wide range of frequencies spoken by humans. All that was
needed was a microphone sufficient to act as a simple sound-volume based on-off switch. This fitted with our
idea of attempting to prototype the cheapest possible solution. It would be possible to prototype this system
using LEGO’s inexpensive and relatively simple sound sensor.

After further investigation, I found that there were several varieties of Morse Code which have been used
in the past. These were individual to each country. Wikipedia [73] lists the following:

These were later changed to an internationally-acceptable Morse Code [74], shown below:

To help send messages rapidly, it will be noticed that the most common letters were given short signals, and
the least common letters were given longer signals. While this may have sped up the transmission of messages
sent in English, the relative frequency of the characters would vary in other languages, and the whole code had
to be learnt.
After thinking about the problem, I realized that using the full Morse Code would produce problems for us. I
wanted a simple code. Putting the whole of the Morse Code into one of my RobotC programs would be quite
complicated. To be able to distinguish E (dit) from I (dit dit) or S (dit dit dit) or even 5 (dit dit dit dit dit) would
mean that I would have to have strings of characters of variable length.
I implemented a dit dah recognition system using the fixed length dits and dahs used in Morse code. I found
that, even with a lot of practice, it was very difficult to achieve exactly the same length of spoken dits and dahs.
Lengths varied when a person was tired, in a hurry, depressed or excited. I couldn’t get reliable results using
fixed length dits and dahs.
In addition to the short (dit) and long (dah) problem in Morse Code, there had to be a short gap between
dits/dahs, a longer gap between characters, and an even longer gap signifying the end of a word. Additionally,
these gaps also had to be quite exact, to save confusion between these three gap lengths. Having to use five
signals, three of them being silences of different lengths, and two being dit dahs, all of them needing to be of
quite exact length, did not meet my requirement for either simplicity or reliability during testing.
I ended up rejecting use of the full Morse Code.

D.1.4 WHAT WOULD MAKE AN IDEAL CONTROL CODE SYSTEM?
My ideal control code system would have the following attributes:
• Relatively inexpensive, so that there is a higher chance of complete quadriplegics who could afford it. This will
be particularly important in third-world countries where finance for expensive equipment is often lacking.
• Minimal changes in relation to different degrees of quadriplegic disability. Also I wanted a system that would
not have to be constantly re-calibrated as the person became tired, i.e. losing concentration.

• Potentially the code would allow more than a few commands (enough so that the basic wheelchair control
needs are met), but not so many that the quadriplegic becomes confused.
• Preferably language-independent, so that anyone from anywhere in the world using any of the world’s
approximately 7,000 languages could use it without having to write another word-recognition program for that
language.

D.2 WHICH IS THE SOLUTION THAT FITS A MAJORITY OF THE ATTRIBUTES?
I decided to proceed with a prototype system using the LEGO MindStorms NXT system.
• It was relatively inexpensive, as the computer brick cost approximately $250 (as also mentioned in Appendix
A) compared with a voice-recognition laptop costing over $1000. If I could get this prototype to work with this
NXT system, there is other computer circuitry available for less than $80 (e.g. the Arduino) which could also be
used to control a wheelchair.
• Because I’ve chosen a code with fixed number of verbal elements, the three tightly-defined silences that are
part of the Morse code are no longer required. This results in a code that will be much simpler for the
quadriplegic to use and for me to implement.
• A fixed number of two or three characters would potentially offer sufficient control codes to control a
wheelchair. Again, this is a much smaller amount for the quadriplegic to learn, than the complete Morse Code.
• The control code comprised of dits and dahs will be language independent, and thus could be a universal
control code for wheelchairs. While I initially imagined the dits and dahs to be based on sound, I subsequently
realized that this principle was potentially extremely versatile, as it could be used with any signal of variable
length. For example, movement of any part of the head where the length of the movement could be varied. An
example, a person suffering from Lou Gehrig’s disease (Amyotrophic Lateral Sclerosis or ALS [75]), could use
short and long eyelid movements to control their wheelchair.

D.3 IN WHAT WAYS CAN I IMPLEMENT A SIMPLE, INEXPENSIVE, AND VERSATILE
CONTROL SYSTEM?
D.3.1 COMBINING MORSE CODE AND THE CHINESE TELEGRAPH CODE
I decided to combine the general idea of the Morse Code (dit dah) with the principle behind the now-obsolete
Chinese telegraph system [76] that used to be used in my country of origin. The Chinese Telegraph code [77]
used a fixed number of signals. All the traditional Chinese characters can be specified by four numbers,
combined with a book of printed characters. The most significant two digits of a code matches the page
number, the next digit matches the row number, and the least significant digit matches the column number,
with the first column being the column on the far right (see Figure D.3).

If I combined the fixed length of the Chinese telegraph characters with the idea of Morse Code, using the dits
and dahs from Morse Code, and the fixed length of the Chinese telegraph system, I could obtain a much simpler
coding system for the wheelchair commands.
D.3.2 An initial experimental set of commands
For a first test of this idea, I decided to implement a small set of commands to use with the wheelchair. The
commands I decided on are listed in Table D.1:

These were chosen to make them both easy for the programmer to implement, and easy for the quadriplegic to
remember.
There are only two types of signal (dit and dah) used, and, unlike Morse Code, neither the lengths of the dits,
dahs nor the silences between them are critical.
To make them easier to remember, you can see that the wheelchair would go forward in the direction of the
long sound. To turn left, the long sound is on the left of the two signals. To turn right, the long sound is on the
right of the two signals. To go straight ahead (forward), I have two long sounds. Since going backwards may be
necessary to stop forward movement near danger, I chose dit dit (which is the quickest of the four commands

above) to be used. This command also imitates the sound which is used in many trucks when they go
backwards, so it seemed a natural one to use for going backwards in this prototype wheelchair.

D.3.3 TRANSLATING THE INITIAL COMMANDS TO ENABLE COMMUNICATION BETWEEN ROBOTS
I needed to ensure that the LEGO sound sensor was accurate enough to be used to distinguish between long
and short sounds. This ability to distinguish between sounds was particularly important in a noisy environment
(i.e. shopping malls and home environments; particularly when there are people speaking, and the television is
blaring in the background). Once this was done, I’d need the commands [78] to be translated into single
characters. These would then be sent to the wheelchair robot, and appear on the screen of the headset robot for
debugging purposes.

D.3.4 SENDING CONTROL CODE CHARACTERS FROM ONE ROBOT TO THE OTHER
To send the characters from the headset robot to the wheelchair robot, I used NXTBee sensors obtained from
Dexter Industries. These had only become available a few weeks before I started work, and the details of using
them with the LEGO MindStorms NXT sets with RobotC were incomplete. My mentor had written some
tutorials [79] on his website teaching how to use the NXTBee device. These explained how to take the
characters and send them from the NXTBee sensor attached to the NXT robot. These tutorials also covered
receiving the characters in the second robot attached to the wheelchair. I worked through these examples when
programming the code for the programs I wrote in the headset and wheelchair robots [80].

D.3.5 TRANSLATING THE CONTROL CODE CHARACTERS INTO ACTIONS IN THE WHEELCHAIR
Once the commands and characters are received by the wheelchair robot, the characters would be displayed on
the screen (of the wheelchair robot) for debugging purposes. It would then be translated into the required
movements of the wheelchair in relation to Appendix C.1.5.

D.4 WHAT WAYS CAN I IMPLEMENT AND TEST THIS CONTROL SYSTEM?
As mentioned above, I thought the best programming language to use would be RobotC, because it was much
faster than other computer languages I’ve tried, such as NXT-G. It also handled variables more easily. Programs
were then calibrated for the volume, the sound length, and then translated the sounds into a form which can be
sent between the robots.

D.4.1 PROGRAMS WRITTEN FOR THE HEADSET ROBOT
D.4.1.1 Calibrating the headset robot for volume
Firstly I wrote a program which took the measurement of the sound volume, and sent the volume to the screen
of the headset robot. I recorded the highest volume of the background noise (with additional volume on the
television) and the lowest volume of the occupant’s speech. I then found the average of the two volumes, as this
would provide the best measure for distinguishing between the two (higher: speaking volume and lower:
background noise).

D.4.1.2 Calibrating the headset robot for the difference between the wheelchair
occupant’s control code lengths
Everyone’s length of their long and short sounds (i.e. dit dah) is different, and so I thought it was important to
calibrate the long and short sounds according to each individual.
I wrote a program to measure the length of the sounds, and asked a person to repeat “dit” and “dah” a number
of times. I took the longest of the short sounds, the shortest of the long sounds, and averaged the distance. I
then put this calibrated value in the program for distinguishing between the two lengths (higher: dah and
lower: dit).

D.4.1.3 Translating the dit dah control code into characters
I used Table D.1 to help me translate the long and short sounds into characters. For debugging purposes, I made
the RobotC program write dit and dah on the headset computer screen. When this was working well, I added a

part in the program which translated the dit and dah pattern from Table D.1 into characters. The characters I
chose were letters.

D.4.1.4 Sending the characters to both the headset robot screen and to the wheelchair
robot
I needed to send the characters from the headset to the wheelchair robot, so that the wheelchair robot was able
to move according to the different characters sent.
I wrote a program which incorporated parts from the program from a previous part of this experiment [81]
which dealt with NXTBees [82]. The program ended up working quite well, and showed that the sent characters
were sent to the headset robot’s screen, and also via NXTBee to the wheelchair robot.

D.4.2 PROGRAMS WRITTEN FOR THE WHEELCHAIR ROBOT
D.4.2.1 Writing a program to receive the characters from the headset robot and
display them on the wheelchair robot’s screen.
I reused the RobotC program described in Appendix C.1.3 because they both had the same purpose.

D.4.2.2 Writing a program to control the wheelchair movements of the character s sent
from the headset robot.
I reused the RobotC program described in Appendix C.1.5 because they both had the same purpose.

D.4.3 TESTING THE INITIAL SYSTEM
When I tried this first system with various people, in practice the calibration differed by much less than I
expected. I found I could often get reasonable results using a standard calibration, although results were more
reliable when proper calibration had been completed.
Once the above additional changes had been made, however, I tested this device on various people (such as my
non-English-speaking grandmother) and it seemed to work well. This supports my hypothesis that there will
not be a language barrier, and that it is a reasonably reliable system to use so far.
Overall, the system was tested extensively and worked quite well. It achieved its design purpose.

D.5 A FINAL CONTROL SYSTEM
The additional commands included plans to raise and lower the wheelchair chair, so that the wheelchair
occupant can communicate with people at their eye level. I also need a way of switching the verbal commands
on and off so that they are not inadvertently triggered, so the commands cannot be triggered by normal speech
of either the wheelchair occupant, or people near him, speaking loudly. There are also problems in relation to
the wheelchair occupant’s safety which I would like to consider.

D.5.1 A MORE EXTENSIVE GROUP OF HEADSET COMMANDS
There seemed to be three feasible approaches I could use.
The first approach is using two dit dahs, and the eyebrows. I decided to extend the commands available to the
wheelchair occupant to fix the problems mentioned above.
The commands I decided on are listed in Table D.2:

D.5.2 MODIFYING THE INITIAL PROGRAMS TO INCLUDE THE EXTRA COMMANDS

D.5.2.1. Using three commands, including two for sideways movements for a
wheelchair.
After experimentation with the method of two Dit Dah commands, I realized there may not be enough
commands for effective wheelchair movement. In the end, I decided to extend the number of Dit Dah
commands to three, in order to incorporate a few extra features. The new command list would be as listed in
Table D.3:

The extra commands included:
The sideways left and sideways right commands would be a great addition, as they would be particularly useful
when getting out of tight spaces; especially alleyways in which you have no space to turn around. Sideways
movements would make maneuverability and wheelchair reliability a lot better. Of course, protection on the
sides of the chair (i.e. cliff detectors) would also have to be implemented for this work, because the quadriplegic
would not be able to move his head to check whether they’re bumping into anything on the side.
The immediate stop was put in place just in case the turning of the control on and off didn’t work. It was merely
a stabilizer for the wheelchair, like the “park” mode in a car. It is also useful as a backup in case the cliffdetection or wall-detection doesn’t work, or you couldn’t back out in time. It gives the quadriplegic some time
to think about what to do before they act. This was also the reason why I put three Dits as the code for this, as
this has a quicker response to the other commands (the length of Dits are shortest).
Once these were all implemented, there was an extra/spare command. The role of this is currently undecided,
however I think it may be useful as a control code for toggling the control system on and off. This would
probably not be a voice command, because once the control code system has been turned off, you cannot use a
voice command to turn it back on again (the command would be ignored).
The issue of complication of codes has also been brought up, however it is still easier to remember (and quicker
to act upon) than a full Morse Code. It still serves my purpose as a method which is quick and easy.
The first robot I used did not have the ability to go sideways left and sideways right, as the positioning of the
wheels is not appropriate for this. I developed another wheelchair which might be used just for this purpose of
being able to move sideways left and sideways right [83].

D.5.2.2. Up and down movements of the wheelchair.
Following some research of quadriplegics/paraplegics, I found they had trouble reaching the higher shelves in
supermarkets, and really wanted to be able to talk to people face-to-face.
I implemented a system which would raise the wheelchair up or bring it down as required to reach the shelves
and help them get what they need. This could be another alternative for the use of the extra/spare command,
meaning there would have to be another way for toggling the voice control system on and off (i.e. eyebrow
movements).
The up and down movements of the wheelchair would also help the quadriplegic be able to talk to others face
to face, instead of having the other person lean down to talk to them. This allows the quadriplegic to feel more
sociable [84].

APPENDIX E
WHAT WHEELCHAIR TYPES COULD WE USE?
There were two main wheelchair structures I used for prototyping throughout this experiment.

E.1 CHAIR-LIFT WHEELCHAIR
This was an effective wheelchair to use for preliminary testing, and it was built of a pretty basic structure.
It was a lot sturdier for the testing of general solutions to quadriplegic needs than the second version. It
covered all basic mobility needs of the quadriplegic, and I used this wheelchair for testing both the facial
movement and part of the voice control system.

The safety features and the lifting of the wheelchair’s chair up and down were implemented on this wheelchair
robot, as this robot would look more like the actual wheelchair if built.

E.2 HOLONOMIC WHEELCHAIR
This wheelchair had holonomic wheels [85], positioned two to each motor, which made it perfect for the
control code system. The positioning of these wheels allowed the wheelchair to be able to move sideways left
and sideways right (as well as the basic movements, i.e. forwards, backwards, turn left, turn right), which
wheelchair number one (Figure E.1) had trouble doing.
However, it is large and the angled mountings of the motors were difficult to construct in LEGO, making the
structure less sturdy. The wheelchair was fragile and could fall down or break quite easily. Thankfully, since
this is only a prototype test, there is room to strengthen the wheel placements for the actual wheelchair in the
future.

The four motors are placed at 45 degree angles to each other, such that the wheelchair is capable of going in
any direction. However, since the LEGO MindStorms NXT only has three motor ports, there needed to be a
motor multiplexor [86] to make sure all eight wheels could work at once. I purchased this from the
MindSensors website.

E.3 HEIGHT-ADJUSTABLE CHAIR
Following some readings of quadriplegics’ opinions on the situation, I found quadriplegics and paraplegics both
reported trouble talking to people face-to-face, without the other person leaning down to talk to them.
Paraplegics also reported having problems reaching higher shelves in supermarkets.

E.3.1 WHAT WOULD BE A POSSIBLE SOLUTION FOR THIS PROBLEM?
I implemented a system which would raise the wheelchair’s chair up or bring it down as required to reach the
shelves and help them get their desired items. This could be another alternative for the use of the extra/spare
command as mentioned in Appendix D.5.2.1, meaning there would have to be another way for toggling the
voice control system on and off (i.e. eyebrow movements).

E.3.2 PROBLEMS WITH THE FIRGELLI LINEAR ACTUATOR
I used a Firgelli Linear Actuator [87] to raise and lower the chair. This was a very new piece of equipment on
the world market, and I had a lot of problems attempting to use this. The drivers for the LEGO computer bricks
were experimental at this stage, and my mentor had to correspond with the people writing the RobotC drivers
in Europe to get a version that was supposed to work correctly. Even then, the drivers that were reported to
work in Europe, did not work with the Firgelli Linear Actuators which I had. It turned out that my Firgelli
Linear Actuators were part of the first production batch, and the manufacturers in the Philippines had inserted
the motors in backwards. The Canadian designers of the Firgelli Actuators withdrew these from the world

market for several months until a new batch was produced. They replaced my faulty actuators, and the new
ones worked perfectly.
This result enabled my mentor to write a tutorial [88] on the use of this Firgelli Linear Actuator, which is
published on his website. This assisted me in learning how to program this sensor.

APPENDIX F
HOW CAN WE USE A SHOPPING TROLLEY TO ASSIST A
PARAPLEGIC (AND IN TURN, A QUADRIPLEGIC)?
I thought about providing an automatic shopping trolley to aid a paraplegic, thinking about this as the first step
towards making a personal assistant for the quadriplegic. So far, I have only implemented the shopping trolley
to aid a paraplegic. More about these possibilities are mentioned in Appendix H. To this I needed to add two
sensors: one to find the direction of the wheelchair, and the other to find the distance between the shopping
trolley and the wheelchair.

F.1 WHEELCHAIR ADDITIONS FOR USE WITH SHOPPING TROLLEY
I also needed an infrared target in the back of the wheelchair for the automatic shopping trolley to follow. I
tried using a HiTechnic infrared beacon [89], but I found that this did not broadcast the infrared over a
sufficiently large vertical and horizontal range. I needed almost a 360 degrees broadcast. The HiTechnic beacon
was replaced with a HiTechnic Infrared Electronic Ball V2 [90], (see Figure F.1) [91], which emitted pulsed
infrared light in virtually all directions. The pulsed infrared was a major advantage, in that it made the whole
system much more reliable, because it was not distracted by other nearby non-pulsed heat sources.

F.2 BUILDING THE SHOPPING TROLLEY
The shopping trolley was built using one computer brick and two motors (Figure F.2).

A large holonomic wheel [92] was added on the back of the shopping trolley to make it more maneuverable
(see Figure F.3).

F.3 SHOPPING TROLLEY SENSOR ASSISTS FINDING THE WHEELCHAIR
I attached a HiTechnic IRSeeker V2 sensor [93] to the shopping trolley. This sensor was very useful, as it could
detect the direction of the broadcasting beacon on the wheelchair in almost 360 degrees as well. The enabled
the shopping trolley to pass the direction of the wheelchair to the shopping trolley’s computer brick.

F.4 MAINTAINING DESIRED DISTANCE BETWEEN WHEELCHAIR AND SHOPPING TROLLEY

I added an ultrasonic sensor onto the shopping trolley. This measured the distance from the shopping trolley to
the wheelchair using high frequency sound waves. Using a program in the shopping trolley NXT brick, I was
able to adjust the speeds of both shopping trolley motors to control the distance between the wheelchair and
the shopping trolley.

APPENDIX G
WHAT KIND OF SAFETY FEATURES SHOULD WE IMPLEMENT ON
THE WHEELCHAIR?
G.1 WHY IS IT IMPORTANT TO ADD SAFETY FEATURES ONTO THE WHEELCHAIR?
The point of adding automatic safety controls to the wheelchair robot program was make sure that the
wheelchair would not run into solid objects or fall over kerbs.
This was important due to Federal Occupational Health and Safety (OH&S) reasons. If the robot is to be used in
public places, there is a need to make sure it’s not bumping into objects or falling into ditches. In the prototype
version, there are only two sensors (MindSensors SUMOEyes [94]) implemented at the back of the robot (one
pointed backwards to detect obstacles, and one pointed downwards to detect ditches/cliffs). These sensors use
infrared light, detecting the intensity of the reflected light that bounces back into the sensor; showing us how
far away they are from a wall or the pavement. These sensors are not standard LEGO sensors, and my mentor
wrote a tutorial [95] that helped me learn how to use them.
It is also a backup in case the voice commands are not registered quickly enough, or they have been turned off
and the quadriplegic has forgotten to turn them back on. These safety measures could be implemented 24
hours a day.

G.2 CLIFF-DETECTION
This monitors whether there is a sudden increase in the distance between the person and the pavement below
the sensor. Any large increase could indicate a dangerous pothole, and the computer brick is programmed to
verbally warn the quadriplegic. It will also automatically move the wheelchair in the opposite direction and
warn the quadriplegic when activated (see Figure G.1).

There will initially need to be adjustments to the distance and height of the sensors, to ensure that small bumps
in the pavement and tiny rocks on the gravel are not confused as being cliffs.

G.3 WALL-DETECTION
A similar concept is the wall-detection. When the robot detects an object (or a wall), it will warn the person in
the wheelchair, stop, and move in the opposite direction to avoid the obstruction (see Figure G.2).

The automatic avoiding movement also helps make it easier for the quadriplegic to move around the obstacle,
or move away from it.

APPENDIX H
WHAT IMPROVEMENTS COULD BE MADE IN THE FUTURE?
Throughout this experiment, there were some problems which I did not have adequate time and equipment to
solve. There were also other things which I thought might be useful for improving the system in the future, with
further work. Here are some examples.

H.1 INTELLIGENT SPECTACLES
After experimentation with the Headset Control System (facial feature movements), I found that the headset
was quite impractical. It did not stay on a head very well. I had to secure the headset onto the person’s head
using sticky tape, which would be quite inconvenient for the person.
LEGO sensors (Figure H.1) were quite bulky.

They were heavy and inconveniently placed on the head. This meant that the headset would be extremely
uncomfortable if made from LEGO.
However, it was found that the electronic components inside the LEGO sensors (Figure H.2) were relatively
small compared to the larger outer casing.

They were only a few millimeters thick. I then looked at the placement of the sensors, finding that since most of
the sensors are on the face, I didn’t even need to hook the headset onto the head itself.
The idea of using a pair of thick-rimmed glasses popped into mind, as it covered all the vital areas (the nose and
the eyebrows) as well as the ears. This would be ideal as it would be comfortable, stylish, compact and not to
mention, quite convenient (especially if the quadriplegic needed prescription lenses to see).
One problem could be that the present EOPD sensors emit a white light when operating. A pair of glasses that
glow might seem unsightly. However HiTechnic has shown my mentor an experimental version of the EOPD

sensor that uses invisible infrared light. This could be used in my glasses and they would appear to be quite
normal to look at.
The EOPD sensor, the electronic components of which are relatively small, could be located within the
spectacles’ frame. Suggested positions for these sensors are shown below.

H.1.1 EYEBROW SENSORS
These two sensors would most likely be placed at the top rim of the glasses (one on the top of the frame for
each eye) as they are the closest to the eyebrows. Most glasses nowadays have very small, designated-length
frames. These may not reach all the way up to the quadriplegics’ eyebrows. However, since these glasses are
special glasses incorporating sensors, they would be modified for the individual. The shaping of the spectacles,
width and the frame will be designed so that the eyebrow is covered by the frame (and in turn, the sensor) as it
is in its normal position, and it is not covered when they are raised (Figure H.3).

H.1.2 EARS
The glasses were a particularly good idea, as most glasses loop and hook onto the nose/ears to stabilize them.
No other structure incorporated the use of ears as well as the glasses did. I decided to take advantage of this by
using the ears as a stabilizer for the glasses AND a sensor will be added to one of the glasses’ ear hooks to
measure the movement of the ears at the same time.
The movement of the ears shouldn’t be affected by the glasses ear hook, as the hook goes behind the ear,
whereas the movement of the ears solely relies on movement of the top flap of the ears (Figure H.4).

H.1.3 NOSE
The glasses are also hooked onto the nose pieces in order for them to stay on the head. This is also ideal for this
control system, because I also need to measure the dilation of the nostrils as a part of the system. So, like in the
cases of the ears, we can use the nose for keeping the glasses on the face as well as using the sensor for testing
nose dilation (Figure H.5).

H.1.4 NXTBEE
The wireless communication device would also need to be placed somewhere on the glasses so as not to
interfere with the sensors (Figure H.6).

H.2 SAFETY FEATURE EXTRAS
In the future, (i.e. not on these prototypes) there will be more sensors positioned to provide 360° protection on
the wheelchair robot, to ensure maximum reliability and safety when detecting obstacles and cliffs. They all will
register some sort of warning, and move the quadriplegic’s wheelchair in the opposite direction (Figure H.7).

H.3 ROBOTIC ARM ON WHEELCHAIR
The idea for a shopping trolley was investigated and implemented, however it seemed to be more appropriate
for a paraplegic than a quadriplegic. While a paraplegic can take groceries from the higher shelves in the
supermarket using their limbs, a complete quadriplegic may have significant difficulties in doing this. As a
potential solution for this problem, a robotic arm could be designed and attached onto the wheelchair. This
could act like a human arm, and could be manipulated by the quadriplegic (using one of my proposed extended
control systems, perhaps?) to reach up and take items off the supermarket shelves, putting them into the
shopping trolley. This could also be extended to use around the house, i.e. lifting food to the mouth, holding
books, and taking blankets off or putting them on (surely benefitting the quadriplegic from Northern
Tasmania). See Figure H.8.

H.4 ROBOTIC ARM ON SHOPPING TROLLEY
Alternatively, the robotic arm could be implemented on the Shopping Trolley instead of on the wheelchair
itself. This system could also satisfy the requirements of Appendix D.2. The quadriplegic would not have to
move the wheelchair in order to get to a position they wanted, or get something they wanted. The shopping
trolley then becomes more like a personal assistant for everyday activities; which could respond to the
quadriplegics’ commands and bring you whatever you need when you need it. Again, this could be controlled
using a similar control system, but with extended/extra commands to incorporate these new features.

H.5 NEW COMPONENTS RECENTLY AVAILABLE
Within the last week (mid-August 2012), I have heard that some HiTechnic Matrix components have become
available in the worldwide market. These are metal extensions of the LEGO theme. They would be beneficial to
use for making larger and more versatile prototype wheelchairs and headsets. They could also help with
implementation and designing of the robotic arm attachment in the future. I plan to purchase some when I can
afford them, to allow me to continue to experiment with my concept of a personal assistant for complete
quadriplegics.
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