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Introduction/Criteria A: Investigating

A ‘drone’ by definition, is a UAV (Unmanned aerial vehicle) or remotely piloted aircraft.
This may be in the form of a missile, aeroplane or helicopter/multirotor.

My goal was to build a drone, capable of racing and competing in events, then entering an
event and racing (and not coming last!)

Before commencing this project [ had no prior knowledge of the sport, but [ soon realised
that there was a lot more that needed to be done. Partly due to how much time I realised
this hobby required, my Personal Project has become the main use of my time, I find myself
spending sometimes hours per day researching for new technology, how-to’s and learning

new information.

My global context is Scientific and Technical Innovation, and I selected this because I
believed it fitted best with my Goal and overall project. High performance quadcopters and
FPV (first person view) multirotor racing is an extremely new sport and there are always
new innovations and ever changing laws surrounding this sport. In addition to this, drones
and multirotors are being used for the first time ever in agricultural scenarios, being used
by the military as a new form of combat and becoming an effective way of transporting
goods to disaster zones. They are also becoming a part of our daily lives such as providing,
for example, postal services, surveillance and food delivery. It is due to these reasons that I
believe that there would be a relationship between my goal/personal project and global
context due to the fact that this technology is being used to shape the way that our world

will be in the future and providing solutions for problems arising in society.

[ had heard of the sport from my mum, who had a colleague’s son who was active in the
sport. Before commencing this project, I did not have an understanding of the large amount
of research to be done before beginning the development process. The amount of research,
preparation, time spent, money and technical ability that was required were all things that
[ soon learned. As this is a DIY hobby, there isn’t a large amount of documentation and
instructions associated with any specific product that is available for purchase. Assistance
came from forum websites and local sources who [ began to find once I began flying, and in
a lot of cases these sources ended up being extremely helpful. There are a lot of small

things that you need to know which may not be known to the naked eye, or without



exploring a large amount of online websites, web articles and product pages. The sources
listed in my bibliography only account for some of the hundreds of websites that have been
of use to me during this process. In total, I believe that [ spent at least 100 hours alone
researching and beginning to practice in simulators before beginning the development
process of my Project.

As shown in Appendixes 1 and 2, my sources mostly came from videos and web articles
which were fairly inconsistent, and at some times didn’t provide the information necessary
to be of any assistance. Therefore, for most products or electronics which [ bought, [ used a
standard ‘pin out’ diagram showing what pads and holes on the electronics do what and
where things need to be connected. As I became more knowledgeable and gained a general
understanding of the electronics used, trial and error was mostly used along with these

diagrams, eliminating the need for resources such as video tutorials or long blog posts.

Criteria B: Planning

The criteria that [ had chosen for my Project were fairly simple, in which I have a set budget
of $250 for my initial build, with aspects such as the transmitter (controller) and goggles
(to pilot the drone in FPV) were excluded from this budget. Other criteria includes the
quadcopter must be suitable for racing, and for it to be completed by the deadline (first
race) where I would have the skill to complete the course. In Appendix 3, it shows my
criteria and why I have chosen these points, such as choosing a carbon fibre frame over a
plastic one (the rigidity and little extra weight compared to plastic combined with more
conventional mounting and toughness makes it a clear option) and the need for my drone
to be race legal so it conformed with the Australian Civil Aviation Safety Authority rules
and regulations as well as the club’s. In Appendix 4, I begin to talk in my Process journal
about how I intend to complete the project and what parts I need to think about buying to
build my quadcopter.

As T had a set deadline to adhere to to have the quadcopter ready for my first race, my
intention was to do as much planning / research / practice to race before the 1st meet,
which was the Melbourne Multirotor Racing Club’s 3rd round of the season on March 19th,
2017. This began with planning of my budget and what I needed to get started and
complete the track, where I quickly discovered the price of the items and parts required
were much more expensive than my original $250 budget. In total, with the remote and

FPV goggles I realised it would cost about $1500 to start. From there, with the new idea of



expenses in mind, I began researching as much as I could about the parts which I intended
to use (Evidence of this is shown in Appendix 5, where I plan and state what parts are
required to build my quadcopter and the obstacles that I may face when building or tips to
not harm electronics in the build process). About 3 weeks after beginning my Personal
Project, | made contact with Kai, the kid who my mum had known who also participates in
the sport. He was happy to sell parts for my first build second hand, and assist in the
building process.

About 2 weeks later after talking to him (1st week of September) [ met with Kai, and he
taught me some of the process involved in building the quadcopter myself, and also
provided assistance or knowledge where necessary. I purchased the carbon fibre frame, the
flight controller, motors, speed controller, radio receiver and video transmitter from Kai for
$215. Then, I purchased the rest of the parts required, such as the camera, antennas and
propellers for another $60, with the total quadcopter build coming in at $275 (excluding
batteries), which is not too much over the original $250 budget. From this point, I was then
able to get in the air and begin learning how to fly the quadcopter. | had been advised by
Kai to start in the standard mode - ‘Acrobatic’ mode. This means there are no assists or
corrections being made by the flight controller on the quad so all movements it was making
was by me moving the sticks. This way, the learning curve was extremely steep as I slowly
understood how to hover, how the control sticks make the quadcopter behave and began to
be able to complete basic maneuvers, such as flying around trees or doing figure 8’s on the
oval.

[ believe starting this way was a good choice, as it meant from an early point in my learning
[ was doing it the correct way and not learning bad habits from flying with modes that

corrected the movements in my sticks.

During Christmas Holidays on the 10th of December, I went away for 6 weeks so was
unable to further develop and continue my task, giving me 2 months to get ready for my
race meet when [ returned. I was lucky enough to come across a small number of local
pilots in my area, such as Fasial, Tung, and Brett, who were further able to help me develop
my understanding of how different flight tricks and maneuvers worked, help me learn how
to fly through gates (thus being able to complete a track) and were also able to assist with

direction of new, more advanced hardware and maintenance of my drone, such as new



motors for extra power or different propellers for better speed and control/handling in the
air. By this point, I had a greater understanding of how everything worked, as I had had to
disassemble/reassemble my quadcopter for repair after crashes and installation of new
hardware which greatly helped my confidence in making repairs by myself and allowed me
to fly better as [ knew the limitations of the hardware which I was using (or install newer
gear which allowed me to, for example, perform better acrobatic movements, increase

control, become race legal for my first event and go faster).

As I begun to fly with others rather than just by myself beginning February 2017, I also
became more aware of the laws and restrictions surrounding where I could fly, such as
keeping a 30m distance from roads, buildings and people, but also allowed me to watch
other people fly who were much better than me,m learn new maneuvers and fly better.
Some of the local people also had practice gates and flags, which is what is used as a
racecourse, so [ was able to practice flying through gates and going around a course before
my first race day.

On the 19th of March 2017, the time came for my first event - Melbourne Multirotor Racing
Club’s 3rd Round which is in Wantirna South, Victoria. Entrants are divided into divisions
based on skill, hence [ was in Division C, which is the lowest class, as this was my first race..
All pilots have 1 battery (approx. 2-3 minutes) to practice the course, then will commence
the race which is 3 laps of 4 pilots each, and first to complete all laps wins the race.

And I didn’t come last! In fact, | did extremely well for my first event. [ was able to complete
the track with relative ease and came 1stin 1 race, came 2nd in my second and didn’t finish
my 3rd race heat. The field of competitors in C division being fairly small this was enough
to make it to the Finals where I came first in my grade. This event was largely the
completion of Criteria C and B as [ had used my plan and research effectively to the set

deadline.

The number of obstacles that I had to overcome in this project was quite large. The initial
learning curve to even begin to understand all processes and electronics involved. And, of
course, crashing, then the rebuild process (where something may not have worked) or
having to wait to order parts off the internet, as there is only 1 walk in store in Melbourne,
which is quite far away from me. Other obstacles included learning new skills, such as

soldering and repair, and others were more practical challenges such as getting to flying



locations (as most involved a 30+ minute car ride), having time to practice with other
priorities in the week (I play tennis 3 times a week in between schoolwork), and organising
after school activities to fit in with flying. In most cases, racing was a fairly low priority,
meaning [ was not flying a lot during a week, so I used the opportunities when I could fly to
the fullest.

Criteria C: Taking Action

The product that was created from my research was fully capable of all criteria which was:
the drone was race legal- meaning it had suitable 5 inch props, was powered with a 4 cell
battery and output legal 25mw (milliwatt) video transmitting power as per the club’s rules.
The drone could perform all acrobatic maneuvers, was built of carbon fibre and was able to
keep up with all other race drones on the field at the time. My product also shows a
relationship with the Global Context (Scientific and Technical Innovation) as 6 months ago
the technology advancement and software that [ have used to build my drone was non
existent to the public. This same technology that we are using is the same that is being
developed for agriculture, delivery, military and other applications that drones will be used
for in the future, albeit on different scales for the different purposes. Since my first build of
my quadcopter, I have upgraded and modified it to keep up with other drones and improve
its performance based on recommendations from other people and seeing first hand
different improvements others have made to increase performance. I have also built 2
other drones since then, utilising different, lighter frame designs more tailored for high
speed racing which [ would use to compete with in the future instead of my original build
which was intended as a ‘freestyle’ frame, meaning it was larger, heavier (albeit more
durable) and less desireable for racers. I would also use all 3 of these quadcopters to
compete in the Australian Drone Nationals held on the 7-9th of July 2017.

My product also fully reflected my goal in which I stated [ would build a drone capable of
racing, which I then used to enter a number of local and interstate events. The original
product (before modification) was not used to compete as [ had modified it before then to
be able to keep up with the other quads on the racetrack. Pictured in Appendix 6 on the left
is the original quadcopter with a newer build on the right used more specifically for racing.
This project/hobby requires a lot of research into each individual part, and forces you to
learn about each of them and how they can work together, with the pros and cons of using
different parts and cause/reason for things not working. From the start of the project, |

was fairly ‘closed-minded’ about what my product would be (as [ knew from the start |



wanted my product to be a race drone), hence in Appendix 7 | have not especially
documented my thought process about what my product will be, but [ have discussed
different parts that will work better/different combinations of parts to achieve better

performance, durability or maneuverability.

To learn about the hobby solely by reading information is extremely hard(as there is no
central resource), in my experience it has been extremely beneficial to get out and meet
others nearby who share an interest in quadcopters. This was done whenever [ went to
race or practice meets, local fun fly’s in my area I have always learnt something new to try,
different products or software to use and general skill tips to improve my flying asking
from another person’s experience has always been more helpful than reading articles on
the internet. 'm now also a member of many different Facebook groups from around
Melbourne and around the world where people are able to share questions and
information and I have been able to share my experience and knowledge in return.

In my process journal - Appendix 9, I have written about my experiences with my local
club Movement Melbourne, which includes people such as Fasial, Brett, Tung, Alex and
Harry who are some of many who have helped me out in this project, providing invaluable
resources and information for me, such as spare parts (generally for a greatly reduced
price if not free), or help and instruction when building or replacing electronics.

Aside from Movement Melbourne, there is an extremely large community of ‘miniquad’
pilots in Melbourne, surpassing over 1000 members of the large local race groups whose
members are mostly extremely active on forums and Facebook, which is where a large
amount of the information and help is shared between people as it is very easy and quick to
send replies and share photos, videos and sell parts. Included in Appendix 8 is also a photo
of me on the starting grid with other finalists from the Australian Drone Nationals. Pictured
from left to right is Owen Littleton from Perth, Australia, then Sam Heeps (Me) Ross Kerker
from Sydney and Thomas Bittmatta from Melbourne. I feel like this is a good photo as it
represents the hundreds of people that | have met and made friends with and shared
information with along the way, who which now I am able to share the experience and

enjoyment of the sport with.



Criteria D: Reflecting

In total, my criteria was achieved except that | had spent more money than originally
planned. My original criteria was to spend $250 on the whole project, which I soon
discovered was not possible. To the point of fulfilling the project (the first race at
Melbourne Multirotor Racing Club) I had spent approximately $1500. This included all
tools required to repair my quadcopters, such as a soldering station and any tools required.
My product met all criteria, which meant it was made of carbon fibre and was able to
compete in races, something which I learned was not really possible with the original
budget I had planned for this project, but the extra cost involved has also allowed for the
quadcopter to be extremely more durable, repairable and nicer/more enjoyable to fly,
something that would not have been possible with the initial budget that I had set in mind
before understanding the real costs behind the hobby which I learned quickly.

Through my project, | have learnt and better developed the skills of researching,
persistence and determination but I have also learnt how to solder, to work with fragile
electronics, aspects of coding in C++ and writing scripts and design, although I could have
better worked on my time management (for the MYP side of the project) when writing this
report and writing in my process journal, which I could have done more often and included
more detail with, something I did not write about in my Reflection in my process journal.
The project has made me completely understand the topic - I believe I have spent well over
500 hours researching, building, flying, learning from other people. Even though the project
was difficult, the nature of the topic and the relationship with technology and electronics
made it something that [ enjoyed thoroughly, to the level that this project has become more
than the MYP Personal Project for me, it is now another sport, another interest and passion
in my life. I am also able to compete to a high level in the sport now - I am completing in A /
‘Super’ class races now and I have just been to the Australian Drone Nationals 2017 where |
came 3rd in Australia (out of the entrants). In Appendix 10, I reflect on what I have learnt,
which is almost everything [ know about the hobby today. | walked into the Personal
Project with little idea of what processes were involved in Drone Racing and now am an
active part of the community who is able to contribute knowledge to discussions and pass
the information that I have learnt onwards. I also have to say thank you to my mum for her
constant support throughout my project, she has been able to drive me to allow me to fly at
events, provided immense financial support and the time she has spent waiting or helping

me to which I am extremely grateful.
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Appendix 1
Research
skills
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Autoplay © @D

Soldering Tips
Rotor Riot
60502 views

[ Buying MIRA parts in Japan
[Part 7]

Mighty Car Mods

® Recommended for you | NEW

Beginners guide to quadcopter soldering. What you need to know.
UAVfutures

UAL,
7K 26,983 views
+ Addto b Share  eee More 1§52 Bs

179mph Drone - World Record
Quad

Kabab FPV

11,236 views | NEW

Beginners guide to charging

Published on Jul 21,2016 LiPo batteries + parallel

Short video aimed to help anyone new to the hobby. I know when i first started soldering was a bit tricky but it really is not that hard once you charging
know how. ALSO USE SOLDER WITH FLUX INSIDE IT. at least that is what | do. So hopefully this helps you guys. If you have any questions or UAViutures
comments drop them below. If you feellike this channel is worth supporting or want to help it grow head to 118502 Views:
Appendlx 2 ‘ E] rcgroups.com/forums/showthread.php?1653753-Afroflight-Naze32-Setup-Guide-For-Dummies-like-myself [ * ‘ =

Research
skills

ooy
2) Find out which COM port your board is connecting with. For me, it was COM3. It looks like TC's was COM11. This will vary, and can be found by
looking under Control Panel/Administrative Tools/Computer Management/Device Manager. In there, it should list your board either under Ports or
USB devices. This should tell you what COM port it is using.

3) In Hercules, click on the “Serial” tab.

4) Under “Name”, select the COM or USB port that your board is using

5) Set Baud (Speed) to “115200”, Data Size to “8 bit", Parity to “none”, Handshake to “OFF”, Mode to “Free”. Note, TC says to set it to 1 stopbit. |
could not find this setting, and thus did not set it. If you have it, setitto 1.

6) Click on “Open”. This should open a session with your COM port, and should say so in the text box.

7) On the bottom of the screen is an input box, where it says “Send”. Type in the letter “R”, without the quotation marks. Be sure it is uppercase. Do
not hit enter, rather click send. This should light up all 3 LEDs and keep them lit up. If they light up, then you are good, if not, see TC's thread on what
to do if the standard process does not work. Mine worked just fine.

8) Close Hercules.

9) Now open the STM32 Flash Loader | had you download earlier. Unlike Hercules, it should show up in your programs list, if you installed it earlier.
10) Set “Port Name” to the COM port your board has been using, otherwise don’t change anything else.

11) Then click “Next”. The board should be recognized by the Flash Loader. If it isn’t, be sure your board still has all 3 LEDs on. If not, go back to step
1. If so, but the Flash Loader won't find it, restart the Flash Loader. This happened to me, and restarting the Flash Loader fixed the problem.

12) Continue clicking “Next” until you get to the page that has the option of Erase, Download, or Upload.

13) Click on Download.

14) Also click “Jump to User Program” and “Global Erase”

15) Use the browse feature under the download section to find the latest firmware you downloaded earlier. This should be something along the lines
of “baseflight...”

16) Click Next

17) When the board has been reflashed, the board will go through the normal start up sequence of flashes. It shouldn't take long, and you may miss it.
Mine worked on the first try. TC says if it doesn't, to “unplug usb, and replug”

18) Close the Flash Loader program and unplug your board.

Your board should now have the latest firmware. You should not have to update this firmware to change settings. That will be done via the GUI or via
inputting code to the controller, but that will be explained in the next few steps.

We are almost there! Okay, maybe half way. If you made it this far, then you should be fine the rest of the way

Using the GUI

| chose to use the Multiwii GUI (GUI stands for Graphical User Interface for those of you who are really computer illiterate. Hopefully by now you know
what GUI is). Apparently you can use the FreeFlight software, but for ease of use, | used the Multiwii software.

If you want to, please read up on how to use the Multiwii GUL. | will post my experiences here, but there is a ton to be learned about the Multiwii GUI
online. Just search for it. In the meantime, this is what | did.

You will need to download the latest Multiwii GUI from the link below. At the time | did this it was Multiwii 2.0. There was another download just above
it, but the one you want is 2.0.

http://code.google.com/p/multiwii/downloads/list

| am using Windows XP 32bit, so the app | used was under Multiwii 2.0/MultiwiiConf 2.0/application.windows32. This will vary depending on the
operating system you use. It should be fairly straight forward. Double click on the .exe file and you will load the Multiwii GUI.

At this point you will need to be sure your quadcopter has the board installed and plugged in correctly to both the ESCs and the Rx. Also, be sure to
keep the props off at this point, as the motors most likely will spin at some point in the process, without you wanting them to.
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Appendix 4
Timeline of
planning
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Appendix 5
Self
management
skills
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Appendix 6
Evidence of
product
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Appendix 7
Thinking
skills
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Appendix 9
Social skills
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Appendix 10
Reflection
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