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Welcome

Thank you for joining us for our 2023 OnlfastomBotVorkshop

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

Contact details of section presenters are included later in the presentation
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Please note this evening's workshop is being recorded and will be published
online with the slides to support the continuing sharing of knowledge
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https://robocupjunior.org.au/

Structure of Todayos

Alntroduction of the team
Alntroductionto CustomBots

ATaster of Vision Seimgin CustomBots
ACustomBoStarter Kits

ASplit off to smaller groups:
AArduino in the Classroom
A Arduinoin OnStage
AArduino in Rescue Line
AArduino in Soccer
ARaspberry Pi and VisigRescue Line Focus)




Introducing the Team

ALiam Whitehouse RCJV Recue Line Coordinagmdil me

AEvan Bailegy RCJA President, RCJV State Giaiai{ me

AMargaux Edwards RCJ®nStageCoordinator, RCJQ State Chainéil még
AAshley Kasper RCINSW Committee Membentail m@

AWilliam Plummerc RCJQ State Vi€hair €mail me

ASebTaylor¢ RCJV Committee Membeamiail mé

AZac McWilliang RCJA & RCJV Digital Platforms Coordinatoai{ me

ATim Ronchg RCJV Rescue Maze Coordinatongil me
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Introductionto CustomBo

Thank you for joining us for our 2023 Online Arduino WorkshL DN

Liam Whitehouse& RCJV Rescue Line Coordinator
llam.whitehouse@robocupjunior.org.au
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Interruption Policy
Please Interrupt at any

time as often as you like*

This I1s a Workshopnot a Lecture

* Yes, like that annoying kid in class today



B

9 Coding and
testing some
more

Planning

Designing Manufacturing Testing




Planningi Selecting Your Processor

AArduino
AUno
AMega (More Ports)

AArduino Like
A Adafruit Feather AL
ATeensy o

ASBCs (Single Board Computersi
ARaspberry Pi
ANVIDIA Jetson
A Capable of Vision Processing, but more $$$




ALOQa y20 |a Shraeée |a [S32
APredominantly open source

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

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

[FQ ohorciu |:}
JUNioOTr
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The Process
.» .a .9 .» .9 i
Planning Designing Manufacturing Coding Testing testing some
more

AGet 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 i Manufacturing

AHow are you going to build your robot?
AWhat material would you like to use? (Wood, Plastic, Metal)
AAre you going to 3D print, Laser Cut, CNC, or a combination of them

AThis is important to consider whilst also considering the next section,
g KAOK Aa |y FYFIAYy3a asSdgl eX




anning 1 Design
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Designingl Software

AFusion 36@ My personal favorite, available
free for educators & students = e
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AStart to think about:
AMaterials
AManufacturing
ATools
AComponents




Manufacturing i Laser Cutting

AA Laser Cutter is great for building a base
plates

AVery expensive (good to run alongside other
programs) ice. for Schools and Product Desig
classes)

AVery precise, and fast

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

APrice range of around $250®40,000

Ahttps://www.teaching.com.au/catalogue/mta/
mta-stemlaserbox



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

Manufacturing i Laser Cutting

V

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

AA4 size cost about for a sheet-$4however you
are only able to buy a full sheet which is about
$140

ASome materialsannotbe cut due to toxic fumes
produced or require specific filtering systems to
be installed



Manufacturing i 3D Printing

A Great for smaller components

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

AThe more part# is split into, usually théetter and more flexible. Also allows for
easier repairs, should something break.




Manufacturing i 3D Printing

A Many Optiong; definitely do your research!

A While resin gr_inters seem coqllimited by cost and use toxic materials so may
present OHS issues

A We would recommend a Fused Deposition Modeling/Fused Filament Fabricatic
g:éDSMéFgE )system, which work by extruding plastic filaments (most commonly

A ABS is less brittle and more tolerant to ch_an%ing temperature, however require
an enclosed print chamber and heated print be

A PLA is more forgiving to print with, but can warp (after printing) if exposed to
warm temperatures

A When starting out, PLA is a great option, and is still great for experienced 3D printers
use for more complex models too

A A 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 tir
and compliant mechanisms

A Use the filament recommend for your printer by the manufacturer, as some
tbhrands_u?e slightly proprietary formulas that angtimisedto perform best with
eir printers

A Sav{ngs from cheap filament are quickly eroded by wasted filament consumed by failed
prints!

A 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 i 3D Printing

Asghé)aor:]gur'fa%d% Egrrl‘)tfnrs ACheaper Hobbyist Printers:
A Cost: $2.200 A Ender 3 Pro | Ender 3 S1
A Generally excellent, highly reliable, fast, higynality A Cheap, little bit of work to setup

broken filament, peeled off first layer etc.) Enclosed A Cost $3006 $500
uild chamber for higher temperature plastlcs A PrusaMK3S+

A h, : : . .
g(g;erteﬁtp?%%%t\?vglet started with, easy to set up and A Mid range, High quality prints

A Bambu Lab P1@Stripped down version of X1 A Cost $1000
A Cost: $1,069

A Generally excellent, highly reliable, fast and high
quality pfints. Can be easily enclosed by user with
pantelcgi If higher temperature plastics need to be
printe

A Great option to glet started with, easy to set up and
get it printing well

A Ultimaker
A Cost: $6,0047,000

A Great if it can be mastered, but very difficult to
master

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

grlnts sélfcalibrating and selérror identifyin



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

Manufacturing T CNC

ACNGQC; Computerized 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 | would
recommend investing In a laser cutter)

ACan cut a wider range of materials
ACost: about $9,000

AHarder to use & slower to cut than a
Laser Cutter




Manufacturing I1s Expensive!

Many of the machines mentioned above are pricey!
A Many local and international companies offer manufacturing services that very competitive pric
A Have a look around, there is a lot of competition in this market segment

A Local manufacturing companies akthkerSpacetove supporting RoboCup activities and make
great team sponsors, especiallykimd support (machined components, technical advice etc.)

o nnes ™ et JLCPCB PCBWay

PCB Assembly 3D Printing E] @ = @ 5@ @

182 layers 4-8 laye
Y
' ' = = COnline Quote Upload PCB File QOrder Review Payment Real-time Fabrication Delivery Confirm Received
- - Tracking
Acrylic Plvwood ‘ POM

& birand of BASF - We treale chemalry

sl®|®

Cardboard MDF irrored Acrylic

https://onlinelasercutting.com.au
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Manufacturing i Soldering Iron

AFor doing Custom, this is essential!
AAllows you to make and repair robots

AUses solder (a conductive metal) to attach wire¢ -
and components to the main processor

ALook around the $100$250 price range

AGet an iron with temperature control
(300400 degrees for most soldering)

ABrass wool to clean the tips
APotentially some replacement tips




N

AOver the next few slides, we will sho
some examples of what might be AR
needed to help build a custom robot.!// |




Manufacturing T Tools and Parts

AWire Cutters
AWire Strippers




Manufacturing T Tools and Parts

AYou need the actuatires,we
recommend getting a lot or a lon
wheel of it because | can guarantee
you will make mistakes and need
more of It.

ARecommended Wires and Sizes:

A Use premade jumper wires in the first
instance

A Assortment of heat shrink tubing |
ranging from 1mm up to 4mm is usefu ==

Aazald Odzauzy St SO
(2.54mm) pitch crimped connectors  [&=

A Custom length wires can be made
requiring crimp on connectors,
crimping tool, crimp housings arit?
to 28 gaugeawire



Manufacturing T Tools and Parts

\ AMultimeter

AGreat for identifying if wires have been correctly
soldered.

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

Y
| Gt
-




Manufacturing T Tools and Parts

APowered Drill
AHeat Gun
AAcrylic Cement
AFiles

OMALL SAKDER




Manufacturing T Tools and Parts

AScrewdriver Sets
A2 KAOK ONAY 33
A(another brilliant segway)
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Manufacturing T Tools and Parts
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Manufacturing i Tools and Parts (Storage)
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Manufacturing i Tools and Parts (Storage)

i PROPERTY OF
SMGS ROBOTICS
TEPDOWN i 4
SYQESGULATOR | 12V STEPDOWN

REGULATOR
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Awz2o20a YySSR St SOUNROAGE (2 NXzyX
Aand you need to get power from a battery to the rest of the

components (12V Battery, to components that only need 3.3V =
5V)- forgetting this can result in a lot of broken parts

APower Distribution Board




Manufacturing 1 Safety

AAs students transition into the
CustomBotvorld the level of
danger and number OHS
Issues that present themselves
significantly increase
compared to LEGO.

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

Al
4
|




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

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

Careful and safe stowage is a mgstiPo Bags / Battery
Boxes

Mitigation of sharp objects near the battery whilst in the
robots

Don't leave batteries charging whilst unattended

Think about travelling to competitiorsAirlines have A
specific rules on how many batteries each person can carry

(https://hobbyking.com/en_us/batsafelipo-battery-
chargingsafebox.html?___ store=en_us)

o T T o  T>




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

AModern Teaching Aids (MTABeneral Robotics Parts

AJaycav Altronicsc Local physical stores (bit of everything, but a slight
price increase for convenience)

ABunnings; Other larger equipment (Storage Boxes, larger tools)

ALocal hobby stores Sourcing batteries (AUS has strict battery
shipping rules)



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

ACore Electronics Robotics parts (Sensors, useful parts) (local store)
ALittle Birdc Robotics parts (Sensors, basic useful parts) (local store)

AElementl14c Electrical/Mechanical/Tooling (All your equipment needs &
many electrical / mechanical parts)

ASparkFurt Robotics parts (Sensors, useful parts)

AHobbyKing: LiPo Batteries

APololuc Motors, Regulators, Motor drivers

ARS OnlineMechanical (Fasteners, Nuts, Bolts, Mounting Standoffs)
AMouser /Digikeyc Electrical (PCB components, connectors, ICs)



Building your Makerspace?

Contact us Iif you have guestions 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



Codingi Software

Arduino
AArduino IDE (C++)
ATinkercadCircuits Blockly C++, Blocks/Code)
APlatformlOin Visual Studio Code (C++)




Run Terminal Help

ARaspberry Pi
Code on your own

Tunner.py

computer (in python)

Use the command line to
run the program

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

in PORT_LINE]

> OUTLINE
¥ > TIMELINE
¢ SSH: 10.00.184




CodingT The Basics

AWith every robot that we use, both Lego and custom work on the
principal of recognition and reaction.

ARecognition

A Using sensors and if statements we determine if certain conditions are met which
would trigger a response, for example if TOF has a value less there@0@niSes
that there is something 100mm away from the TOF

AReaction

A Based 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’ the most important part

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

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

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

ALT €&2dz R2y Qi KIFIGS [FaSNJ/ dzidSNESX o5 |1
and other parts to attach sensors and motors is also tricky

ARCJA is here to help!
A2 S | NB OdzZNNBYyufé& RSSLI Ay iCstoinBoStarters 5 2 -
YAGAQY 6KAOK gAff O2y il Ay CustbomBGtKS LI I
A Starting with Rescue Line, then expanding to other challenges based on market response

AWe will also be putting together starter kits of tools & consumables needed to get
started onCustomBotsn your school

AWe aim to have these for sale on our website within the

next three months [Hl:ll B :\]
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Thank you for joining us for our 2023 Online Arduino Worksh&

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

Tim Ronchg RCJV Rescue Maze Coordinator (Technical)
tim.ronchi@robocupjunior.org.au
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Interruption Policy
Please Interrupt at any

time as often as you like*

This I1s a Workshopnot a Lecture

* Yes, like that annoying kid in class today



AArduino Boards Guidéttps://www.arduino.cc/en/Guide
A Note: this only includes boards made by Arduino

Aln the classroom, the Arduino Nano and Uno are common choices as they
are cheap and powerful enough for most projects

AComputers and the Arduino IDE software require different drivers to
Interface with different boards. Drivers for most boards can be installed
using the Arduino IDE

AMany companies make mjcrogrocessors that are Arduino replicas or
modified versions of Arduino boards. Eg. Adafruit Feather

AThere 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 10T projects)

[H mhocia |:]

JUNioOTr



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




Sensors for Arduino

AArduino boards are compatible with a massive number of sensors

ARange from rotary encoders, to colour sensors, to temperature, to distance,
to computer vision and so many more

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




Resources for Arduino

AOfficial Arduino Resources
AGeneral Documentatiomttps://docs.arduino.cc/
Alntroduction to Arduinohttps://docs.arduino.cc/learn/
A Arduino Tutorialshttps://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?

AMost namebrand manufacturers of electronics designed to interface with
Arduino provide good guides and documentation to accompany them
A Adafruit: https://learn.adafruit.com/
A Pololu https://www.pololu.com/resources/documentation
A Sparkfun https://learn.sparkfun.com/

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

Alf you choose not to go with a nanteand option, if a namédrand
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 forRoboCupSpecific Robots

ARobocuplunior Australia Custom Electronics Resource:
https://www.robocupjunior.org.au/resources/custom
electronics/This webpage includes:

Alnformation specific to robots being built f&RoboCuunior
AThe most up to date version of this document
APictures and videos of past robots for inspiration

AComing soon:
A CAD models of commonly used electronic components

A Variety 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?

AFusion 360 Educational TutorialBroduct Design Online YouTube
Channelhttps://www.youtube.com/@ProductDesignOnline
ABeginner tutorial playlist:
https://www.youtube.com/playlist?list=PLrZ2zKOtC4rWfapgngoe9o2

ng8ZBr

ACAD for 3D printing playlist:
https://www.youtube.com/playlist?list=PLrZ2zKOtD-tWVOhy8po
yrZe0ZMyV

ACAD for laser cutting playlist:

https://www.youtube.com/playlist?list=PLrZ2zKOt8 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?

Alnstalling boards

Alnstalling libraries

AHow to access example sketches
ASerial monitor

ASerial plotter




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

Food tech/ Textiles
Agriculture e




Applying Arduino to the Years7+8 Syllabus




Applying Arduino to the Years7+8 Syllabus

ARDUINO LESSON 1 - BLINK ARDUINO LESSON 1 - BLINK

Refer to the MHS Arduinc Lesson 1_Blink found on the TinkerCAD Website Activity 1.4 - IPO Chart
https:/ fwww tinkercad.com/things/8LVFraxcNI2) for all details regarding hardware . B o .
requirements, hardware connections and sketch details. Complete the IPC chart provided by comrectly identifying the inputs, processes and

The below image illustrates the circuit schematic for the first Arduino activity. outputs for the blink circuit.

Activity 1.1 - Circuit Schematic
Using the information on the schematic found on TinkerCAD, label each of the ‘ *
elecironic components below.

Activity 1.5 - Flowchart

Consfruct a flow chart for the blink skefch demonstrated on the previous page.

Component A | ‘ Component B |

Activity 1.2 - Sketch Simulation

Describe what occurs when you press the ‘Run Simulation' button for the TinkerCAD
circuit.

Activity 1.3 - Arduino Sketch

Below demonstrates the sketch for the above schematic. Identify each section of o
the sketch and explain each line of code within the different sections. Activity 1.6 - Challenge

Aftempt to make the LED blink at a different rhythm. How did you change the

| #+ Arduino Lesson 1: Blinks+ | rhythm of the LED2 What line of code within the sketch did you change?

[ int led = 13; ]

void setup{) {
pinMode{led, OUTPUT);
1

void loop(} {
digitalWrite(led, HIGH);
delay(1000) ;
digitalWrite(led, LOW);
delay(1@00);




Applying Arduino to the Years7+8 Syllabus

ARDUINO LESSON 1 - BLINK B ACHIEVED ARDUINO LESSON 1 - BLINK B ACHIEVED
Activity 1.7 - Challenge Activity 1.9 - Challenge
Attempt fo make the LED blink an 505 in the Morse code: short, short, short, long, Using four LED's connected to the digital pins 9, 10, 11 and 12, create a skefch to
long. long, short, short, short - pause. Write the sketch below to demonstrate your make the LED's ‘chase’ each other. Write the pseudocode and sketch below to
understanding. demaonstrate your understanding.

Step 1 | Give each LED a value comesponding to the pin its connected fo.

Step 2 | Tell Arduino which pins are Qutputs/ inputs.

Step 3 | create loop

Step 4 | Send High signal to LED 1 for 300 milliseconds.

Step 5 | Send LOW Signal to LED 1 for O milliseconds.

Step 6 | Repeat steps 4-5 for LED 2,3,4

Step 7

Step 8

Activity 1.8 - Challenge

Attempt to make two LED's flash on and off at different times. Write the skefch | ‘
below to demonstrate your understanding.




Applying Arduino to Years9+10 Syllabus

Stage 5 Computing:

https://docs.google.com/presentation/d/
1094c9Y u240eFMOrNFKy/GT9Lr
FkOPJGggJsPe995w/edit?usp=sharing

Stage 5 Engineering:

https://docs.google.com/presentation/d/
13JBOL2f02 ofVs {p6Wz1PUNNZTaTo
bOON7/LvA/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
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Applying Arduino to Yearsl11l+12 Syllabus

IPT/ Engineering:
https://drive.google.com/file/d/14ieaxb]8IRMJdAD/CrLelvTnwEuluiZU/v
lew?usp=sharing



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

