
Welcome
Thank you for joining us for our 2023 Online CustomBotWorkshop

Liam Whitehouse (Workshop Lead) 
liam.whitehouse@robocupjunior.org.au

Contact details of section presenters are included later in the presentation

Please note this evening's workshop is being recorded and will be published 
online with the slides to support the continuing sharing of knowledge 

While you're waiting for 
us to get started, why not 

checkout our website?
https://robocupjunior.org.au

Platinum National Sponsor

mailto:liam.whitehouse@robocupjunior.org.au
https://robocupjunior.org.au/


Structure of Todayôs Online Workshop

ÅIntroduction of the team

ÅIntroduction to CustomBots

ÅTaster of Vision Sensing in CustomBots

ÅCustomBotStarter Kits

ÅSplit off to smaller groups:
ÅArduino in the Classroom
ÅArduino in OnStage
ÅArduino in Rescue Line
ÅArduino in Soccer
ÅRaspberry Pi and Vision(Rescue Line Focus)



Introducing the Team

ÅLiam Whitehouse ςRCJV Recue Line Coordinator (email me)

ÅEvan Bailey ςRCJA President, RCJV State Chair (email me)

ÅMargaux Edwards ςRCJA OnStageCoordinator, RCJQ State Chair (email me)

ÅAshley Kasper ςRCJNSW Committee Member (email me)

ÅWilliam Plummer ςRCJQ State Vice-Chair (email me)

ÅSebTaylor ςRCJV Committee Member (email me)

ÅZac McWilliam ςRCJA & RCJV Digital Platforms Coordinator (email me)

ÅTim Ronchi ςRCJV Rescue Maze Coordinator (email me)

mailto:liam.whitehouse@robocupjunior.org.au?subject=Help!!!
mailto:evan.bailey@robocupjunior.org.au?subject=Help!!!
mailto:margaux.edwards@robocupjunior.org.au?subject=Help!!!
mailto:ashley.kasper@robocupjunior.org.au?subject=Help!!!
mailto:william.plummer@robocupjunior.org.au?subject=Help!!!
mailto:seb.taylor@robocupjunior.org.au?subject=Help!!!
mailto:zac.mcwilliam@robocupjunior.org.au?subject=Help!!!
mailto:tim.ronchi@robocupjunior.org.au?subject=Help!!!


Introductionto CustomBots
Thank you for joining us for our 2023 Online Arduino Workshop

Liam Whitehouse ςRCJV Rescue Line Coordinator
liam.whitehouse@robocupjunior.org.au

While you're waiting for 
us to get started, why not 

checkout our website?
https://robocupjunior.org.au

Platinum National Sponsor

mailto:liam.whitehouse@robocupjunior.org.au
https://robocupjunior.org.au/


Interruption Policy
Please interrupt at any 

time as often as you like*
This is a Workshop not a Lecture

* Yes, like that annoying kid in class today



The Process

Planning

1

Designing

2

Manufacturing

3

Coding

4

Testing

5
Coding and 

testing some 
more



Planning ïSelecting Your Processor

ÅArduino
ÅUno

ÅMega (More Ports)

ÅArduino Like
ÅAdafruit Feather

ÅTeensy

ÅSBCs (Single Board Computers)
ÅRaspberry Pi

ÅNVIDIA Jetson

ÅCapable of Vision Processing, but more $$$



Planning ïChoosing your parts

ÅLǘΩǎ ƴƻǘ ŀǎ Ŝŀǎȅ ŀǎ [ŜƎƻ

ÅPredominantly open source

ÅMany different parts that achieve the same thing (e.g. several options 
for coloursensors), so selection becomes difficult

ÅThere are some good resources on the RoboCup Website to help you 
get started: https://www.robocupjunior.org.au/resources-for-a-
arduino-based-rescue-robots/ (note these are not perfect, and some 
are no longer for sale ςwe are working on an updated version)

https://www.robocupjunior.org.au/resources-for-a-arduino-based-rescue-robots/
https://www.robocupjunior.org.au/resources-for-a-arduino-based-rescue-robots/


Planning ïChoosing your parts

ÅMotor Shield/ Motors/ Servos

ÅColor Sensors

ÅLine Array

ÅTime of Flight (TOF)

ÅUltrasonic Sensor

ÅPort Expander (this image is for 
I2C)



The Process

ÅGet the planning and designing section done quickly, because the 
making, coding and testing components are a lot of work, especially 
in the custom robot world because stuff goes wrong!

Planning

1

Designing

2

Manufacturing

3

Coding

4

Testing

5
Coding and 

testing some 
more



Planning ïManufacturing

ÅHow are you going to build your robot?

ÅWhat material would you like to use? (Wood, Plastic, Metal)

ÅAre you going to 3D print, Laser Cut, CNC, or a combination of them

ÅThis is important to consider whilst also considering the next section, 
ǿƘƛŎƘ ƛǎ ŀƴ ŀƳŀȊƛƴƎ ǎŜƎǿŀȅΧ



Planning ïDesign



Designing ïSoftware

ÅFusion 360 ςMy personal favorite, available 
free for educators & students

ÅTinkerCADςGreat for beginners,
but can be limiting 

ÅAdobe Illustrator

ÅSketch Up

ÅSolid Works



Designing 

ÅStart to think about:
ÅMaterials

ÅManufacturing

ÅTools

ÅComponents



Manufacturing ïLaser Cutting

ÅA Laser Cutter is great for building a base 
plates

ÅVery expensive (good to run alongside other 
programs) (i.e. for Schools and Product Design 
classes)

ÅVery precise, and fast

ÅThis one here costed about
$15,000 to set up

ÅPrice range of around $2500 - $40,000

Åhttps://www.teaching.com.au/catalogue/mta/
mta-stem-laserbox

https://www.teaching.com.au/catalogue/mta/mta-stem-laserbox
https://www.teaching.com.au/catalogue/mta/mta-stem-laserbox


Manufacturing ïLaser Cutting

ÅAcrylic 3mm Plastic is one of the most commonly 
used materials, including MDF wood.

ÅA4 size cost about for a sheet $4-6, however you 
are only able to buy a full sheet which is about 
$140

ÅSome materials cannot be cut due to toxic fumes 
produced or require specific filtering systems to 
be installed



Manufacturing ï3D Printing

ÅGreat for smaller components

ÅIt is recommended to print separate components which connect together with 
screws, such as motor hubs, but there has beenboth success and failure in the 
past whenprinting the entire robot, in the end, it comes down to design.

ÅThe more partsit is split into, usually thebetter and more flexible. Also allows for 
easier repairs, should something break.



Manufacturing ï3D Printing

ÅMany Options ςdefinitely do your research!

ÅWhile resin printers seem cool ςlimited by cost and use toxic materials so may 
present OHS issues

ÅWe would recommend a Fused Deposition Modeling/Fused Filament Fabrication 
(FDM/FFF) system, which work by extruding plastic filaments (most commonly 
ABS & PLA)

ÅABS is less brittle and more tolerant to changing temperature, however requires 
an enclosed print chamber and heated print bed

ÅPLA is more forgiving to print with, but can warp (after printing) if exposed to 
warm temperatures
Å When starting out, PLA is a great option, and is still great for experienced 3D printers to 

use for more complex models too

ÅA wide variety of other materials are available to print including TPU, and CF 
Nylon. They all have their uses but are usually harder to print or are for very 
specific purposes. TPU is a flexible plastic and can be used to make custom tires 
and compliant mechanisms

ÅUse the filament recommend for your printer by the manufacturer, as some 
brands use slightly proprietary formulas that are optimisedto perform best with 
their printers
Å Savings from cheap filament are quickly eroded by wasted filament consumed by failed 

prints! 
Å Poor quality & unreliable printers also cause a large waste of filament, however the 

price of the printer does not always correlate to the quality!



Manufacturing ï3D Printing
ÅSchool Friendly Printers:
ÅBambu Lab X1 Carbon

ÅCost: $2,200
ÅGenerally excellent, highly reliable, fast, high-quality 

prints, self-calibrating and self-error identifying 
(broken filament, peeled off first layer etc.) Enclosed 
build chamber for higher temperature plastics

ÅGreat option to get started with, easy to set up and 
get it printing well

ÅBambu Lab P1P ςStripped down version of X1
ÅCost: $1,069
ÅGenerally excellent, highly reliable, fast and high-

quality prints. Can be easily enclosed by user with 
panels if higher temperature plastics need to be 
printed

ÅGreat option to get started with, easy to set up and 
get it printing well

ÅUltimaker
ÅCost: $6,000-7,000
ÅGreat if it can be mastered, but very difficult to 

master

https://www.teaching.com.au/catalogue/mta/mta-stem-3d-printing

ÅCheaper Hobbyist Printers:
ÅEnder 3 Pro | Ender 3 S1
ÅCheap, little bit of work to setup
ÅCost $300 - $500

ÅPrusaMK3S+
ÅMid range, High quality prints
ÅCost $1000

https://www.teaching.com.au/catalogue/mta/mta-stem-3d-printing


Manufacturing ïCNC  

ÅCNC ςComputerized Numerical Control. 
It is a slightly cheaper alternative to laser 
cutting which is less precise and requires 
a lot more maintenance but still not a 
terrible idea. (For schools I would 
recommend investing in a laser cutter)

ÅCan cut a wider range of materials 

ÅCost: about $9,000

ÅHarder to use & slower to cut than a 
Laser Cutter



Manufacturing is Expensive! 
Many of the machines mentioned above are pricey!

ÅMany local and international companies offer manufacturing services that very competitive prices

ÅHave a look around, there is a lot of competition in this market segment

ÅLocal manufacturing companies and MakerSpaceslove supporting RoboCup activities and make 
great team sponsors, especially in-kind support (machined components, technical advice etc.)

https://onlinelasercutting.com.au

Check your local 
MakerSpace

https://onlinelasercutting.com.au


Manufacturing ïSoldering Iron

ÅFor doing Custom, this is essential!

ÅAllows you to make and repair robots

ÅUses solder (a conductive metal) to attach wires 
and components to the main processor

ÅLook around the $100 - $250 price range
ÅGet an iron with temperature control 

(300-400 degrees for most soldering)

ÅBrass wool to clean the tips

ÅPotentially some replacement tips



Manufacturing ïTools and Parts

ÅOver the next few slides, we will show 
some examples of what might be 
needed to help build a custom robot.



Manufacturing ïTools and Parts

ÅWire Cutters

ÅWire Strippers



Manufacturing ïTools and Parts

ÅYou need the actual wires,we 
recommend getting a lot or a long 
wheel of it because I can guarantee 
you will make mistakes and need 
more of it.

ÅRecommended Wires and Sizes:
ÅUse premade jumper wires in the first 

instance
ÅAssortment of heat shrink tubing 

ranging from 1mm up to 4mm is useful
Åaƻǎǘ ŎǳǎǘƻƳ ŜƭŜŎǘǊƻƴƛŎǎ ǳǎŜ лΦмέ 

(2.54mm) pitch crimped connectors
ÅCustom length wires can be made 

requiring crimp on connectors, 
crimping tool, crimp housings and 22 
to 28 gaugewire 



Manufacturing ïTools and Parts

ÅMultimeter
ÅGreat for identifying if wires have been correctly 

soldered.

ÅGreat for identifying why some components 
broke, for example if you gave it too much 
voltage.



Manufacturing ïTools and Parts

ÅPowered Drill

ÅHeat Gun

ÅAcrylic Cement 

ÅFiles

ÅPowe



Manufacturing ïTools and Parts

ÅScrewdriver Sets

Å²ƘƛŎƘ ōǊƛƴƎǎ ƳŜ ǘƻΧ

Å(another brilliant segway)



Manufacturing ïTools and Parts

ÅScrews!



Manufacturing ïTools and Parts (Storage)



Manufacturing ïTools and Parts (Storage)



Manufacturing ïTools and Parts (Storage)



Manufacturing ïPower (Caution) 

Åwƻōƻǘǎ ƴŜŜŘ ŜƭŜŎǘǊƛŎƛǘȅ ǘƻ ǊǳƴΧ

Åand you need to get power from a battery to the rest of the 
components (12V Battery, to components that only need 3.3V or 
5V) - forgetting this can result in a lot of broken parts

ÅPower Distribution Board



Manufacturing ïSafety

ÅAs students transition into the 
CustomBotworld the level of 
danger and number OHS 
issues that present themselves 
significantly increase 
compared to LEGO.

ÅSchools should consider the 
OHS risks associated with each 
of the tools they implement 
and Ensure students are 
properly trained in the use.



Manufacturing ïObligatory Battery Safety

LiPo (Lithium Polymer) Batteries are extremely powerful, 
compact and efficient, however caution and safety are a must.

Å LiPo batteries have soft skins and when punctured can 
erupt violently in flames

Å Careful and safe stowage is a must ςLiPo Bags / Battery 
Boxes 

Å Mitigation of sharp objects near the battery whilst in the 
robots

Å Don't leave batteries charging whilst unattended

Å Think about travelling to competitions ςAirlines have 
specific rules on how many batteries each person can carry

(https://hobbyking.com/en_us/bat-safe-lipo-battery-
charging-safe-box.html?___store=en_us) 



Manufacturing ïLocal Suppliers & Distributors

Many different types of parts are used in Custom Robotics, here are 
some suppliers with useful parts:

ÅModern Teaching Aids (MTA) - General Robotics Parts

ÅJaycar/ AltronicsςLocal physical stores (bit of everything, but a slight 
price increase for convenience)

ÅBunnings ςOther larger equipment (Storage Boxes, larger tools)

ÅLocal hobby stores ςSourcing batteries (AUS has strict battery 
shipping rules)



Manufacturing ïInternational Suppliers

Many different types of parts are used in Custom Robotics, here are some 
suppliers with useful parts:

ÅCore Electronics ςRobotics parts (Sensors, useful parts) (local store)

ÅLittle Bird ςRobotics parts (Sensors, basic useful parts) (local store)

ÅElement14 ςElectrical/Mechanical/Tooling (All your equipment needs & 
many electrical / mechanical parts)

ÅSparkFunςRobotics parts (Sensors, useful parts)

ÅHobbyKingςLiPo Batteries

ÅPololuςMotors, Regulators, Motor drivers

ÅRS Online - Mechanical (Fasteners, Nuts, Bolts, Mounting Standoffs)

ÅMouser / DigikeyςElectrical (PCB components, connectors, ICs)



Building your Makerspace?
Contact us if you have questions about recommendations 

on what to purchase, safety requirements etc.

Always keep a look out for Grants (Industry, State and Federal) as these 
can really support these programs



Coding ïSoftware

Arduino
ÅArduino IDE (C++)

ÅTinkercadCircuits (Blockly, C++, Blocks/Code)

ÅPlatformIOin Visual Studio Code (C++)



Coding ïSoftware

ÅRaspberry Pi
ÅCode on your own 

computer (in python)

ÅUse the command line to 
run the program

ÅVisual Studios Code is a 
great program to start with, 
can connect through SSH 
for a full environment



Coding ïThe Basics 

ÅWith every robot that we use, both Lego and custom work on the 
principal of recognition and reaction. 
ÅRecognition
ÅUsing sensors and if statements we determine if certain conditions are met which 

would trigger a response, for example if TOF has a value less then 100, recogniSes
that there is something 100mm away from the TOF

ÅReaction
ÅBased on the recognition, should the condition apply take an action. For example, 

stop the motors, then reverse for 2 seconds, then turn for 0.5 seconds.



Testing ïthe most important part

ÅTry your best to test as much as possible, this is the part that should 
take the longest

ÅIdeally try to test your robot in varying conditions (e.g. Light 
Conditions, uneven floor etc.)

ÅAlso try to run the robot on many different combinations of courses 
to try and find flaws and bugs in your code (especially for Recue Line 
and Maze) 



Computer Vision (Teaser)



RCJA Certified CustomBotStarter Kits

ÅSelecting and sourcing parts is time consuming & tricky, especially for schools 
with difficulties purchasing from online stores

ÅLŦ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ [ŀǎŜǊ /ǳǘǘŜǊǎΣ о5 ǇǊƛƴǘŜǊǎ ƻǊ /b/ ǊƻǳǘŜǊǎΣ ƳŀƪƛƴƎ Ǌƻōƻǘ ŎƘŀǎǎƛǎ 
and other parts to attach sensors and motors is also tricky

ÅRCJA is here to help!

Å²Ŝ ŀǊŜ ŎǳǊǊŜƴǘƭȅ ŘŜŜǇ ƛƴǘƻ ǘƘŜ wϧ5 ƻŦ ǎƻƳŜ Ψw/W! /ŜǊǘƛŦƛŜŘ CustomBotStarter 
YƛǘǎΩΣ ǿƘƛŎƘ ǿƛƭƭ Ŏƻƴǘŀƛƴ ŀƭƭ ǘƘŜ ǇŀǊǘǎ ȅƻǳ ƴŜŜŘ ǘƻ Ǉǳǘ ǘƻƎŜǘƘŜǊ ŀ CustomBot
ÅStarting with Rescue Line, then expanding to other challenges based on market response

ÅWe will also be putting together starter kits of tools & consumables needed to get 
started on CustomBotsin your school

ÅWe aim to have these for sale on our website within the 
next three months



What questions do you have?



Arduino in the Classroom
Thank you for joining us for our 2023 Online Arduino Workshop

Ashley Kasper ςRCJNSW Committee Member 
(Curriculum and Implementation)|
ashley.kasper@robocupjunior.org.au

Tim Ronchi ςRCJV Rescue Maze Coordinator (Technical)
tim.ronchi@robocupjunior.org.au

While you're waiting for 
us to get started, why not 

checkout our website?
https://robocupjunior.org.au

Platinum National Sponsor

mailto:ashley.kasper@robocupjunior.org.au
mailto:tim.ronchi@robocupjunior.org.au
https://robocupjunior.org.au/


Interruption Policy
Please interrupt at any 

time as often as you like*
This is a Workshop not a Lecture

* Yes, like that annoying kid in class today



Types of Arduino

ÅArduino Boards Guide: https://www.arduino.cc/en/Guide
ÅNote: this only includes boards made by Arduino

ÅIn the classroom, the Arduino Nano and Uno are common choices as they 
are cheap and powerful enough for most projects
ÅComputers and the Arduino IDE software require different drivers to 

interface with different boards. Drivers for most boards can be installed 
using the Arduino IDE
ÅMany companies make microprocessors that are Arduino replicas or 

modified versions of Arduino boards. Eg. Adafruit Feather
ÅThere are also numerous other boards that use the Arduino IDE and same 

programming language. Eg. ESP32 (common and cheap microcontroller 
with built in WiFi and Bluetooth, great for IoT projects)

https://www.arduino.cc/en/Guide


Versatility of Arduino



Sensors for Arduino

ÅArduino boards are compatible with a massive number of sensors
ÅRange from rotary encoders, to colour sensors, to temperature, to distance, 

to computer vision and so many more

ÅSome companies that make Arduino compatible electronics, such as 
motors, motor drivers and sensors, are Adafruit, DFRobot, Pololu & 
Sparkfun.



Resources for Arduino

ÅOfficial Arduino Resources
ÅGeneral Documentation: https://docs.arduino.cc/

ÅIntroduction to Arduino: https://docs.arduino.cc/learn/

ÅArduino Tutorials: https://www.arduino.cc/en/Tutorial/HomePage

https://docs.arduino.cc/
https://docs.arduino.cc/learn/
https://www.arduino.cc/en/Tutorial/HomePage


Resources for Arduino - Electronics?

ÅMost name-brand manufacturers of electronics designed to interface with 
Arduino provide good guides and documentation to accompany them
ÅAdafruit: https://learn.adafruit.com/

ÅPololu: https://www.pololu.com/resources/documentation

ÅSparkfun: https://learn.sparkfun.com/

ÅThese usually include pinouts, wiring guides, recommended software 
libraries and example codes

ÅIf you choose not to go with a name-brand option, if a name-brand 
component with the same chip can be found, you can often use the  
documentation and code library for it (no guarantees it will work though)

https://learn.adafruit.com/
https://www.pololu.com/resources/documentation
https://learn.sparkfun.com/


Resources for RoboCupSpecific Robots

ÅRobocupJunior Australia Custom Electronics Resource: 
https://www.robocupjunior.org.au/resources/custom-
electronics/This webpage includes:
ÅInformation specific to robots being built for RoboCupJunior 

ÅThe most up to date version of this document

ÅPictures and videos of past robots for inspiration 

ÅComing soon:
ÅCAD models of commonly used electronic components

ÅVariety of 3D printable CAD models of parts for robots 

https://www.robocupjunior.org.au/resources/custom-electronics/
https://www.robocupjunior.org.au/resources/custom-electronics/


Resources for CAD?

ÅFusion 360 Educational Tutorials - Product Design Online YouTube 
Channel: https://www.youtube.com/@ProductDesignOnline
ÅBeginner tutorial playlist: 

https://www.youtube.com/playlist?list=PLrZ2zKOtC_-C4rWfapgngoe9o2-
ng8ZBr

ÅCAD for 3D printing playlist: 
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-D-tWVOhy-8pg-
yrZe0ZMyV

ÅCAD for laser cutting playlist: 
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-B_HAKUEXhaHyK-
2ksfFx2K

https://www.youtube.com/@ProductDesignOnline
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-C4rWfapgngoe9o2-ng8ZBr
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-C4rWfapgngoe9o2-ng8ZBr
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-D-tWVOhy-8pg-yrZe0ZMyV
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-D-tWVOhy-8pg-yrZe0ZMyV
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-B_HAKUEXhaHyK-2ksfFx2K
https://www.youtube.com/playlist?list=PLrZ2zKOtC_-B_HAKUEXhaHyK-2ksfFx2K


How to get started with the Arduino IDE?

ÅInstalling boards

ÅInstalling libraries

ÅHow to access example sketches

ÅSerial monitor

ÅSerial plotter



How do we link digital technologies to the 
rest of the TAS syllabuses?

Textiles
- Wearable Technologies

- Conductive threads

Food tech/ 
Agriculture

Woodwork Engineering



Applying Arduino to the Years7+8 Syllabus



Applying Arduino to the Years7+8 Syllabus



Applying Arduino to the Years7+8 Syllabus



Applying Arduino to Years9+10 Syllabus

Stage 5 Computing:

https://docs.google.com/presentation/d/
1094c9Y_u24OeFm9rNFKy7GT9Lr-
Fk9PJGqgJsPe995w/edit?usp=sharing

Stage 5 Engineering:

https://docs.google.com/presentation/d/
13JB0L2f02_ofVs_jjX-z5Wz1PUnNZTaT0R-
bO0N7LvA/edit?usp=sharing

https://docs.google.com/presentation/d/1094c9Y_u24OeFm9rNFKy7GT9Lr-Fk9PJGqgJsPe995w/edit?usp=sharing
https://docs.google.com/presentation/d/1094c9Y_u24OeFm9rNFKy7GT9Lr-Fk9PJGqgJsPe995w/edit?usp=sharing
https://docs.google.com/presentation/d/1094c9Y_u24OeFm9rNFKy7GT9Lr-Fk9PJGqgJsPe995w/edit?usp=sharing
https://docs.google.com/presentation/d/13JB0L2f02_ofVs_jjX-z5Wz1PUnNZTaT0R-bO0N7LvA/edit?usp=sharing
https://docs.google.com/presentation/d/13JB0L2f02_ofVs_jjX-z5Wz1PUnNZTaT0R-bO0N7LvA/edit?usp=sharing
https://docs.google.com/presentation/d/13JB0L2f02_ofVs_jjX-z5Wz1PUnNZTaT0R-bO0N7LvA/edit?usp=sharing


Applying Arduino to Years11+12 Syllabus

IPT/ Engineering:
https://drive.google.com/file/d/14ieaxbj8IRmJdAD7CrLe1vTnwEuluiZU/v
iew?usp=sharing

https://drive.google.com/file/d/14ieaxbj8IRmJdAD7CrLe1vTnwEuluiZU/view?usp=sharing
https://drive.google.com/file/d/14ieaxbj8IRmJdAD7CrLe1vTnwEuluiZU/view?usp=sharing

