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TEAM 4525 RENAISSANCE ROBOTICS- WORKSHOPS 

THE 5 KEY CONCEPTS FOR MAKING ROBOTS 
 
1-Programming is Precise 
If you want a robot to do something, you need to communicate that idea with mathematical 
and logical precision, or it won’t quite be what you intended.  
 
2-Sensors, Programs & Actions 
Data from sensors gives a robot information about its environment. A program uses that data 
to make decisions, and the robot acts on those decisions. Data  
underlies the core of the entire process.  
 
3-Make Senses of Systems 
To understand the way something works, construct a mental “model” of it in your head that 
captures the important features and rules of the system. This helps you make sense of it, and 
also gives you a tool to “play out” (similar) new scenarios in your head to predict what would 
happen.  
 
4-Break Down Problems and Build Up Solutions 
To solve a difficult problem, try breaking it down into smaller problems. Then, solve the smaller 
problems, building up toward a solution to the big problem.  
 
5-Computational Thinking Applies Everywhere 
These skills – mathematical and logical clarity, using data, systems thinking with mental models, 
and problem solving – are not just for robotics. They are key to solving many problems in the 
world. 
 

 

 

 

 

 

 

 

 

 

 

 

  



 

 

TEAM 4525 RENAISSANCE ROBOTICS- WORKSHOPS 

THE MAIN COMPONENTS OF A ROBOT 

Robots can be broken down into three distinct components: Sensors, Computation and 
Actuators. 
 

Sensors are used to 'feel' the surrounding environment. The robot uses these sensors to 
take in information about where it is and what it is doing. Different sensors can be used to sense 

different 

conditions including light and dark, temperature, bump sensors, ultrasonic, infrared… the list goes on 
and 

on. Think about what senses a human has, and how a robot replicates them. Sensors are classed as 

inputs, that is, they take information and input it into the robot’s brain. 
 

The Computation component consists of an onboard computer that the robot uses to process the 
information coming from its sensors. This can be as small as a few integrated circuits right through to 
a full personal computer. The level of complexity of the required tasks will dictate the amount of 
computational ability needed by the robot. 
 

The last distinct component of a robot are its Actuators. Actuators are a fancy way of saying 
'parts that do things'. These may be motors in the wheels, or engines that make the arms go back and 
forth. It could also be hydraulic pistons or pneumatic cylinders. Actuators are a form of outputs, along 

with lights and speakers. The robot Computation tells these outputs to do different tasks. 
 

A simple way to look at it is that the sensors provide the information to the computers, which in turn 
tell the motors what to do. 
 
Path of Information Flow in a Robot  
 

SENSOR (INFORMATION)----COMPUTATION (INFORMATION)----ACTUATOR 
 
 
 

 

 

 

 

 

 

 



 

  



 

 

TEAM 4525 RENAISSANCE ROBOTICS- WORKSHOPS 

BUILD-A-BOT-WORKSHOP  
BUILDING INSTRUCTIONS EV3 

 

1- 

 

You need to make two of these. One for the left and one for the right side. This means the 

second one you make will need to be the MIRROR IMAGE of the one you see here. 

 

2- 

 

 

 

 

 



 

3- 

 

 

4- 

 
 

 

 

 

 

 

You need to make two of these. 

One for the left and one for the 

right side. This means the second 

one you make will need to be the 

MIRROR IMAGE of the one you 

see here. 

 



 

5- 

 

 

6- 

 
 

7- Choose the wires that best fit without being  

too tight and pulling or too loose and dragging. 
 

Make sure that your wires connect the motors 

to the closest possible port to avoid 

tangling them or crossing them unnecessarily. 
 

Also notice that each of the ports each 

correspond to a letter. 

 

 

  



 

 

TEAM 4525 RENAISSANCE ROBOTICS- WORKSHOPS 

PROGRAMMING NXT AND EV3 ROBOTS  
 

To get your robot to do things you need to give it instructions.  

A command is an instruction that you give to a robot to tell it what to do. You can combine 

commands together to get your robot to do something or to perform a task.  

The NXT and EV3 programming software is made up of “blocks”.  

Each block represents a different command. The blocks are all colour coded so that each colour 

contains only one type of commands. For example, green blocks are all action commands and 

yellow blocks are all sensor commands.  

When you combine the blocks together to create a set or sequence of blocks, it represents a 

program. The program defines exactly what the robot will do.  

Remember a robot can’t think for itself, it will only do what you tell it to do! 

 

 

 

 

 

 

 

 

 

 

  



 

LEARNING THE EV3 SOFTWARE: BLOCKS 
 

ACTION BLOCKS (Green) 

 

The action blocks control the actions of the program. They control motor rotations and also 

image, sound and the light on the EV3 P-brick. 

 

FLOW BLOCKS (Orange) 

 

The Flow blocks control the flow of the program. All programs you create will start with the 

start block. 

 

 

 

 

 

 

 

 

  



 

SENSOR BLOCKS (Yellow) 

 

The Sensor blocks allows your program to read the inputs from the Color sensor, IR sensor, 

Touch sensor and much more. 

 

DATA OPERATION BLOCKS (Red) 

 

The Data operations blocks lets you write and read variables, compare values and much more. 

 

ADVANCED BLOCKS (Dark blue) 

 

The advanced blocks lets you manage files, Bluetooth connections and much more. 

 

 

 



 

LEARNING THE NXT SOFTWARE: BLOCKS 

 



 



 

 

 

 

 

 

 

 

 

 

 

  



 

 

TEAM 4525 RENAISSANCE ROBOTICS- WORKSHOPS 

BUILD A BOT WORKSHOP – Drive Test Program 
 

The “Drive Test” program is a simple program that tests six different kinds of driving, all using 

the Move block. 

 

The 6 program tests are listed here: 

1. Go straight Forward 

2. Go straight Backward 

3. Pivot turn (wheels turning opposite directions) to the Left 

4. Pivot turn to the right 

5. One-Wheel turn (one wheel turning, one stopped) to the Left 

6. One-Wheel turn to the Right 

 

 

 

 

 

 
 

 

 

 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS- WORKSHOPS 

TAKE YOUR ROBOT FOR A TEST DRIVE! 
 

PROGRAM 1: Drive your robot forward for 10 seconds 
 

1-Click the plus sign. 

2-The green arrow will be there in the “program space.” 

3-Notes will pop up in the top right hand corner. Chose the blue square to close the notes 

4-There will be a box in the top left hand corner that says “Program.” Double click on this to 

change the name to one that you would like to name your robot. 

5-Look at the square in the bottom right hand corner. This is the “Brick.” 

6-Look at the different blocks at the bottom. They are all different colours. Each one does a 

different command. 

7-Mouse over the third block in (green). It should say “move steering.” Drag and drop this block 

into the centre of the page. 

8-Explore the green block in the centre of the page. There are 3 ways to move: 

        a. Rotations (revolutions of the wheels) 

        b. Time (seconds) 

        c. Turning (degrees) 

9-Mouse over the on for rotations button. Click on this button. Choose “on for seconds.” 

10-Mouse over the steering button. Click on it. Set it to 0 (to go straight). 

11-Mouse over the power button. Click on it. Set it at 75 (in the slider bar). 

12-Mouse over the seconds button. Click on it. Set it to 10. 

13-Mouse over the ports button. Click on it. Change it to A and D. 

14-Mouse over the brake button at the end. You do not need to click it. This is the button that 

tells the robot to stop. 

15-Plug the Brick into the computer. A box should show up in the bottom right hand corner if 

connected properly. 

16-In the bottom right hand corner click on “Download” (blue arrow). You should hear it make a 

positive upload sound. 

17-Set the robot on a flat surface without anything in the way so that it can move around. 

18-Look at the buttons on the Brick. They work like arrows (up/down/left/right). The middle 

one is enter. 

19-Find your robots name. 

20-Select it. When you are ready for it to move push the enter button in the middle. 

 

 

 

 



 

PROGRAM 2: Drive your robot forward for 10 seconds, stop for 3 seconds, 

reverse for 5 seconds 
 

1-Click the plus sign next to the Project button to start your second program. 

2-There will be a box in the top left hand corner that says “Program.” Double click on this to 

change the name to one that you would like to name your robot. Choose a different name than 

your first one. 

3-Choose the green “move steering” block from the bottom. Drag and drop it to the middle of 

the program space. 

4-Click on the orange tab at the bottom to open up the orange menu. 

5-Choose the orange block at the bottom called “Wait.” Drag and drop this block to the green 

block that is already in the middle of the page. 

6-Click on the green tab at the bottom to open up the green menu. 

7-Choose another green “move steering” block and drag and drop this block next to the orange 

one. 

8-Mouse over the on for rotations button. Click on this button. Choose “on for seconds.” 

9-Mouse over the steering button. Click on it. Set it to 0 (to go straight). 

10-Mouse over the power button. Click on it. Set it at -50 (in the slider bar). 

11-Mouse over the seconds button. Click on it. Set it to 5. 

12-Mouse over the ports button. Click on it. Change it to A and D. 

13-Mouse over the brake button at the end. You do not need to click it. This is the button that 

tells the robot to stop. 

14-Plug the Brick into the computer. A box should show up in the bottom right hand corner if 

connected properly. 

15-In the bottom right hand corner click on “Download” (blue arrow). You should hear it make a 

positive upload sound. 

16-Set the robot on a flat surface without anything in the way so that it can move around. 

17-Look at the buttons on the Brick. They work like arrows (up/down/left/right). The middle 

one is enter. 

18-Find your robots name. 

19-Select it. When you are ready for it to move push the enter button in the middle 

 

PROGRAM 3: Drive your robot forward and make a 45 degree turn 
 

1-Click the plus sign next to the Project button to start your third program. 

2-There will be a box in the top left hand corner that says “Program.” Double click on this to 

change the name to one that you would like to name your robot. Choose a different name than 

the first two. 

3-Choose the green “move steering” block from the bottom. Drag and drop it to the middle of 

the program space. 

4-Set the block to make the robot drive forward for 3 seconds based on what you already 

learned. 



 

5-Add the “large motor” from the green menu. Drag and drop it and connect to the green 

block. 

6-Look at the robot. Find which port the right wheel is plugged into. 

7-On the large motor block click on the port option in the top right corner and there will be 4 

options to choose from. Select the letter that corresponds with the port on the robot. 

8-Mouse over the on for rotations button. Click on this button. Choose “on for seconds. 

9-Mouse over the steering button. Click on it. Set it to 0 (to go straight). 

10-Mouse over the power button. Click on it. Set it at 100 (in the slider bar). 

11-Mouse over the ports button. Click on it. Change it to A and D. 

12-Mouse over the degrees button. Set it at 800. 

13-Plug the Brick into the computer. A box should show up in the bottom right hand corner if 

connected properly. 

14-In the bottom right hand corner click on “Download” (blue arrow). You should hear it make a 

positive upload sound. 

15-Set the robot on a flat surface without anything in the way so that it can move around. 

16-Look at the buttons on the Brick. They work like arrows (up/down/left/right). The middle 

one  

is enter. 

17-Find your robot’s name. 

18-Select it. When you are ready for it to move push the enter button in the middle. 

 

PROGRAM 4: Use your knowledge 
 

1-Click the plus sign next to the Project button to start your 4th program. Choose a different 

name than the other projects. 

2-Using what you have learned about writing drive controls for your robot, write a sequence of 

commands that will make your robot do the following: 

       a -Drive forward 10 seconds 

          -Make a 30 degree right turn 

          -Reverse for 10 seconds 

       b -Reverse for 10 seconds 

          -Make a 330 degree left turn 

          -Drive forward for 10 seconds 

          -Stop for 3 seconds 

 

 

 

 

 



 

 

 

 

TEAM 4525 RENAISSANCE ROBOTICS- WORKSHOPS 

BUILD A BOT WORKSHOP  
Building Instructions – NXT 
 

1- 

 

 

2- 

 

 

 

 



 

 

 

3- 

 

 

4- 

 

 

 

 

 

 

 

 



 

 

 

5- 

 

 

6- 

 

 

7- 
Look at the ports on the NXT Brick. Notice that each port is labelled with a letter. 

Use two medium length (35 cm) wires to connect the motors to ports B and C on the Brick. 

Make sure that the motor on each side is connected to the closest port on the opposite side to 

avoid tangling the wires. 

 



 

 

 

 

TEAM 4525 RENAISSANCE ROBOTICS-WORKSHOPS 

Lego Mindstorms NXT 2.0 Introduction 
Build your first robot 
Use the instructions beginning on page 5 of your Lego Mindstorms NXT 2.0 manual to build 

your first robot! 

After you finish those 20 steps you will be ready to program! 

Getting Ready to Program 
Once your software is installed, open it to see the introductory screen: 

 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS-WORKSHOPS 

LEGO MINDSTORMS NXT/ EV3 CHALLENGE- POINTS CHECKLIST 

ROBOT NAME:  

STUDENT NAMES:  

TASK:  

Build the “basic” robot  

POINT VALUE: 1  

COMPLETED:  

Name your robot  

POINT VALUE: 1  

COMPLETED:  

Find the instructions to build a shooter/ shooterbot (don’t build it though)  

POINT VALUE: 1  

COMPLETED:  

Create a new simple program and name it 

POINT VALUE: 1  

COMPLETED:  

Connect your robot to your computer. 

POINT VALUE: 1  

COMPLETED:  

Download a program to your robot. 

POINT VALUE: 1  

COMPLETED:  

Find your program on the brick and run it. 

POINT VALUE: 2 

COMPLETED:  

Program your robot to talk. Download and run this program. 

POINT VALUE: 2 

COMPLETED:  



 

Program your robot to move forward and then turn. Download the named program to your 

robot and run it. 

POINT VALUE: 2 

COMPLETED:  

Program your robot to drive in forward and then in reverse. Download and run this program. 

POINT VALUE: 2 

COMPLETED:  

Connect any sensor to the robot. 

POINT VALUE: 2 

COMPLETED:  

Program your robot to drive in a square path. Download and run this program. 

POINT VALUE: 2 

COMPLETED:  

Program your robot to draw a line with a marker. Download and run this program. 

POINT VALUE: 3 

COMPLETED:  

Use a loop in your programming. Download and run this program 

POINT VALUE: 3 

COMPLETED:  

Program your robot to use an ultrasonic sensor. Download and run this program. 

POINT VALUE: 3 

COMPLETED:  

Program a unique task not listed above and have your robot execute this task 

POINT VALUE: 3 

COMPLETED:  

Program a unique task not listed above and have your robot execute this task. 

POINT VALUE: 3 

COMPLETED:  

 

TOTAL:  



 

 

 
 
TEAM 4525 RENAISSANCE ROBOTICS- STEAM ACTIVITIES 
A CHAIN REACTION & RUBE GOLBERG MACHINES 
 
Curriculum Connections:  
 
The goals of the science program revolve around Big Ideas that are said to “go beyond 
discrete facts or skills to focus on larger concepts, principles, or processes.”  
 

 
 
These activities (A Chain Reaction and Rube Goldberg Machines) can directly support 
all the Big Ideas. For example, if your students built a functioning Rube Goldberg 
Machine using recycled materials, recorded their progress with a captioned photo 
journal that they used to present their finding to their classmates – they’ve hit all of the 
Big Ideas! 
Both of these activities also encourage students to work on their scientific inquiry skills 
such as planning their investigations and reporting their findings. Students can be 
encouraged to use ICT (Information and Communications Technologies) whenever 
possible to enhance their scientific communication skills. 
  



 

LITTLE BIT + A LITTLE BIT + A LITTLE BIT MORE = A CHAIN 
REACTION! Activity: 
 
GRADE: 
Primary 1 
UNIT: 
Understanding Matter and Energy: 
Energy in our Lives 
SELECTED CURRICULUM EXPECTATIONS: 
-design and construct a device that uses energy to perform a task  
-use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with 
different audiences and for a variety of purposes 
 
GRADE: 
Junior 6 
UNIT: 
Understanding Matter and Energy:  
Electricity and Electrical Devices  
SELECTED CURRICULUM EXPECTATIONS: 
-use technological problem-solving skills to design, build, and test a device that 
transforms electrical energy into another form of energy in order to perform a function 
(e.g., a device that makes a sound, that moves, that lights up)  
-use a variety of forms (e.g., oral, written, graphic, multimedia) to communicate with 
different audiences and for a variety of purposes 
 
GRADE: 
Intermediate 9 
UNIT: 
Physics:  
Electrical Applications 
SELECTED CURRICULUM EXPECTATIONS: 
-identify the components of a simple direct current (DC) electrical circuit (e.g., electrical 
source, electrical load, switch, fuse), and describe their functions  
-design, draw circuit diagrams of, and construct simple series and parallel circuits  
 
 
 
 
 
 
 
 



 

GRADE: 
Senior 12 
UNIT: 
Physics:  
Energy Transformations 
SELECTED CURRICULUM EXPECTATIONS: 
-explain the energy transformations in a system (e.g., a toy, an amusement park ride, a 
skydiver suspended from a parachute), using principles related to kinetic energy, 
gravitational potential energy, conservation of energy, and efficiency  
-investigate a simple energy transformation, explain the power and output, and calculate 
the energy 
 

LITTLE BIT + A LITTLE BIT + A LITTLE BIT MORE = A CHAIN 
REACTION!: 
 
Group Question: What does a chain look like? 
-Links of metal connected together  
-A sequence of joined rings  
-An attachment of one thing to another  
-If struggling: someone can draw it for the group, then others can describe the picture 
with words 
 
Group Question: What is a reaction? 
-A response to something  
-Something that happens because of something else  
-A behaviour (feeling or action) that is a direct result of something else 
 
Segue: Let’s connect these two concepts into one that is important to understand 
when we are studying science and technology: a chain reaction. 
 
A chain reaction is… 
-A series of events, each caused by the previous one  
 
Demonstrate what this means by sliding something across the table so it hits something 
else on the table and that object then knocks something over or pushes something onto 
the floor.  
Demonstrate a second time. This time use words to describe as it happens. 
 

 
 
 



 

WHAT DO WE ALREADY KNOW – LETS REVIEW!: 
 
When you have made circuits so far…..  
 
What did you need to always START with? 
An input – energy/power - battery 
 
What did you END your circuit with? 
An Output – noticeable end – makes a stimuli you could hear (buzzer) see (light) or feel 
(fan) 
 
What did you need to JOIN the start (input) to the end (output) 
Connections – magnets and/or wires 
 
What did you need to CONTROL when or how the circuit would turn on? 
A Sensor – detects a stimuli and allows energy flow – receives a signal from a stimuli 
like a sound, light, pressure (touch) or movement (switch)  
 
Demonstrate again. Create a flow chart that uses circuit language for the chain reaction 
you already demonstrated of the objects hitting each other and falling.  
(power-start input-output, connect-input-output, connect-input-result output) 
 

THE TEAM CHALLENGE 
LITTLE BIT + A LITTLE BIT + A LITTLE BIT MORE = CHAIN 
REACTION!: 
 
Goals: 
-Your team is going to design and build a chain reaction using Little Bits circuits.  
-Your team needs to create a series of three circuits that work in a sequence. This 
means the output of the first circuit needs to trigger the sensor on the second circuit to 
start it. Then, the output of the second circuit needs to trigger the sensor on the third 
circuit to finish its output.  
-Everyone needs to contribute and work together on your team. 
 

Organize, Follow a Process, Design & Build: 
-How will your team organize the tasks?  
--Someone needs to lead your team through the process and the team needs to 
cooperate and consider everyone’s ideas.  
-Which sensors can potentially detect which inputs?  
--Make a list of headings of sensors.  
-Which outputs will create the needed result to trigger the various sensor options you 
have available?  



 

--Make a list of which output would work for each sensor. List them under the 
appropriate headings you came up with.  
-Create a plan for your chain reaction.  
--Make a flowchart that shows INPUT-SENSOR-OUTPUT for each of your 3 circuits. 
-What will someone have to do to start the whole reaction?  
-What will the end result of your chain be?  
-Who will build which circuit?  
--Assign build roles.  
-Build, test individual circuits, test the chain of circuits, troubleshoot and revise 
 

Explain, Demonstrate, Apply & Present: 
When you think you have solved it and your team has a series of 3 circuits that make a 
chain reaction tidy up your workspace and plan & practice your presentation.  
 
Your presentation will involve explaining your process (what you did) demonstrating 
your chain of circuits and applying your understanding of the things you have learned. 
Here is what you need to include in your presentation:  
 
-Show us your research (your headings & list)  
-Explain to us your thinking by using your plan (your flow chart)  
-Demonstrate for us how your chain reaction works!  
-Tell us what the most challenging part of making your chain reaction was. 
-Did you come up with any ideas you did not use?  
-Can you think of a way you could add in a 4th circuit to the chain? What additional 
things would you need for this?  
-Tell us how was your team like a chain?  
-Ask if anyone has questions or comments for you. 
 
Make sure you work together on this, assign speaking roles so everyone gets to talk 
and contribute to your presentation. Organize your presentation and team members so 
your presentation has a good flow to it and you look and sound like a team! 
 

EXTENSION WORKSHOP: 
 
RUBE GOLDBERG MACHINES: 
 
What is it? 
A Rube Goldberg Machine is a chain reaction machine. The goal when designing and 
building these machines is to accomplish a simple task in the most complicated way 
possible! It requires that you understand concepts in science, can think and design like 
an engineer and construct and build a consistent and successful machine. 
 



 

How are they judged? 
Complexity of design, creativity of design elements, number of reactions in the chain, 
variety of movements in chain, teamwork 
 
How to relate to teach concepts in science:  
chain reactions, chemical reactions vs. physical reactions, changes of state, stimuli & 
response or cause & effect, the laws of motion, forces, understanding structures and 
mechanisms, pulleys and gears etc.  
 
Choose an end task for the machine that everyone will work with their team to 
accomplish. Break into teams. Collect junk, design contraption, work backwards, build it! 
 
IDEAS: play a record, crack an egg, open an umbrella, roll a golf ball uphill into a 
bucket, draw a circle, send a text message, pop a balloon, raise a flag up a 1m flagpole, 
put a stamp on an envelope, have a pendulum hit a gong 
 

Explain, Demonstrate, Apply & Present: 
 
Your presentation will involve explaining your process (what you did), how you made 
improvements and demonstrating your Rube Goldberg machine. Here is what you need 
to include in your presentation:  
 
-Take pictures/video through the process – show us your failures (they’re going to 
-happen!) and then show us your solutions  
-Explain your machine using an illustration and a flow chart  
-Demonstrate your Rube Goldberg for us!  
-Tell us what the most challenging part of making your Rube Goldberg machine was. 
-Did you come up with any ideas you did not use?  
-Ask if anyone has questions or comments for you. 
 
Make sure you work together on this, assign speaking roles so everyone gets to talk 
and contribute to your presentation. Organize your presentation and team members so 
your presentation has a good flow to it and you look and sound like a team! 
 

Meta Chain Reaction – A Team Project Idea & Invitation: 
 
Invite another class to join you in making a Rube Goldberg machine. This class can be 
in your own school or really anywhere else in the world! Use a list of common materials 
plus a number of individually chosen materials to complete a given task. 
 
The key here is CONNECTION!  
 



 

How could we integrate cell phones, Skype or another piece of technology to design a 
Rube Goldberg that connects across classrooms, schools, cities, continents?  
 
Could a text message (sent from your classroom) vibrate a phone that starts a Rube 
Goldberg machine somewhere else which then ends its sequence by hitting send on a 
phone, the ring of which is detected by a sound sensor which starts the next Rube 
Goldberg machine in your own classroom? We could watch it via Skype/Google 
Hangouts.  
 
Or….What about placing a skype call that auto picks up so the light from the screen 
when the call un-sleeps the computer that picked up the call triggers a light sensor that 
is on a Lego Mindstorms creation causing it to drive forward so it hits something, thus 
starting a Rube Goldberg machine which ends with it hitting the send button on a cell 
phone that calls back to the skype caller and uses a sound sensor to start their Rube 
Goldberg.....with a robot or Little Bits….with a Skype call initiated via the machine you 
could both watch each other’s machine in real time and see it make the connection to 
prove they were interacting…. 
 
The options are endless and having a conversation with your students will yield many 
more amazing ways to make CONNECTIONS! 
 

Curriculum Connections by Grade Level for Rube Goldberg 
Machines: 
 
GRADE: 
Primary Grade 2 
UNDERSTANDING STRUCTURES AND MECHANISMS: 
Movement  
CURRICULUM EXPECTATIONS: 
-use technological problem-solving skills and knowledge and skills acquired  
-from previous investigations, to design, build, and test a mechanism that includes one 
or more simple machines 
 
GRADE: 
Junior Grade 4 
UNDERSTANDING STRUCTURES AND MECHANISMS: 
Pulleys and Gears 
CURRICULUM EXPECTATIONS: 
-use technological problem-solving skills to design, build, and test a pulley or gear 
system that performs a specific task. Sample problems: Design, build, and test a 
mechanism that will raise and lower a flag.  
 
 



 

GRADE: 
Intermediate Grade 7  
UNDERSTANDING STRUCTURES AND MECHANISMS: 
Form and Function  
CURRICULUM EXPECTATIONS: 
-design, construct, and use physical models to investigate the effects of various forces 
on structures  
-investigate the factors that determine the ability of a structure to support a load identify 
and describe factors that can cause a structure to fail  
 
GRADE: 
Senior Grade 12  
UNDERSTANDING STRUCTURES AND MECHANISMS: 
Physics: Energy and Momentum  
CURRICULUM EXPECTATIONS: 
-conduct a laboratory to test the law of conservation of energy during energy 
transformations that involve gravitational potential energy, kinetic energy, thermal 
energy, and elastic potential energy  
-use an inquiry process to analyse, in qualitative and quantitative terms, situations 
involving work, gravitational potential energy, kinetic energy, thermal energy, and elastic 
potential energy, in one and two dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS- STEAM ACTIVITIES 

HOUR OF CODE-5 INTRODUCTORY ACTIVITIES 
 

LEGO WeDo: 
 

1-First you need to construct your robot/machine. Go to: 

https://education.lego.com/en-us/support/wedo/building-instructions and choose one of the 

models.  

 

2-Next you need to create a program to control your robot! Go to your desktop and find the 

Lego WeDo program icon & double click it.  

 

3-Mouseover the blocks at the bottom of the screen to see what they do. Drag and drop to 

create your code in the program workspace. a. Make sure you begin your program with the play 

block b. To stop your program use the red stop button located near the bottom right of the 

workspace. 

 

4-Plug in your robot to the USB port with the appropriate cord & test your code. 
 

WeDo CODING CHALLENGE: 
 

Make the robot’s motors turn on for 3s and then stop?  

Can you figure out how to use a LOOP operator to make it do this continuously?  

How can you make the robot make a sound each time the motor turns on?  

Can you make the robot alternate the motor direction?  

What design modification can you make to the robot’s mechanics to change how it operates in 

some way? 

 

LEGO NXT: 
 

5-Go to: https://code.org/learn/robotics  
 

6-Go to your desktop and find the Lego Mindstorms NXT Icon and double click it.  
 

7-Select “Create new program” and click “GO”  
 

8-Mouseover the blocks on screen to see what they do. Drag and drop to create your code in 

the program workspace.  
 

9-Flash code to robot. (Demo provided – let someone know when ready! 
 

 



 

NXT CODING CHALLENGE: 
 

Make the robot drive in a perfect square or equilateral triangle  

Can you figure out how to use a LOOP operator to do this?  

Make the robot detect your hand & stop for 3s if it interferes with it’s path of travel  

Can you figure out how to make your robot reverse it’s path and start the square again in the 

opposite direction each time it detects an obstacle? 
 

OZOBOTS: 
 

1-Open a new tab in your browser & go to: https://ozoblockly.com/  
 

2-Scroll down the page until you see and get started click it 

  

3-Now you are ready to code Ozobot by using the drag & drop blocks on the left. **Notice 

there are different levels. Choose Intermediate (level 3) for this activity. Notice there are 

different colour coded categories of blocks. Explore them before you start coding 
 

OZOBOT CODING CHALLENGE: 
 

Make Ozobot drive in a perfect square.  

Make Ozobot change light colour on each side of the figure.  

Can you figure out how to use a LOOP operator to reduce how many lines of code are needed? 

How can you make ozobot drive at an angle to create an equilateral triangle top of your 

square? Can you figure out how to randomize the colour Ozobot changes to? 
 

*check the label on the tablet you are using to write your code that it corresponds to the correct colour of 

Ozobot!* 

 

SPHERO: 
 

1-Go to: https://code.org/learn/robotics 
 

2-Scroll through the activities until you see: Blocks 1: Intro & Loops  
 

3-Click on the activity. Click on the ORANGE START BUTTON.  

4-Use the videos on screen that will talk you through how to program the Sphero robot using 

the iPad, to draw a square, change colour & make sounds and use basic operators like an 

all-star pro coder! Make sure to use the earphones for this activity.  
 

*check the label on the iPad you are using to write your code that it corresponds to the correct colour of sphero!*  
 

 

https://code.org/learn/robotics


 

SPHERO CODING CHALLENGE: 
 

Make Sphero drive in a perfect square or equilateral triangle  

Make Sphero change light colour on each side of the figure  

Can you figure out how to use a LOOP operator to do this?  

Can you figure out how to randomize the colour it changes to? 

Can you make Sphero make a sound at each vertex (corner)? 
 

VIRTUAL REALITY: 
 

1-Go to: https://codehs.com/hourofcode/  
 

2-Scroll down to the Creating Virtual Worlds activity & click the green START button.  
 

3-Use the headsets or earphones provided to listen to the instructions through the video 

tutorials.  
 

4-Try out your program on the VR Headsets by scanning the QR code generated and using your 

mobile phone inside the VR viewers. 
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EATING METAL WITH A MOUTH FULL OF SCIENCE! 

Demonstrate the process of engraving/etching by scratching a pattern into a 
Styrofoam cup with a nail. Have students describe what you are doing in words 
prior to giving them the term “etching”. See if they come up with the term or 
definition of it on their own, or if they use any of the synonyms to describe the 
process. 

Group Question: What is etching? 

· To cut, carve, engrave or corrode into a surface 

 · To fix permanently onto something 

Group Question: Where have you seen/heard of an etched surface 

before? 

· Coins  

· Pottery, dishes, ceramics  

· Printing plates  

· Stamps  

· Jewellery 

Demonstrate a simple and obvious chemical reaction live by adding baking soda 
to vinegar. Have students describe the process, what they see and what the 
explanation is for what happened. See if they come up with the definition of a 
chemical reaction with or without using the actual term. 

Group Question: What is a chemical reaction?  

· An interaction between chemicals that produces something new  

· Chemicals responding to one another resulting in a change in properties 
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SNC2L: BRISTLE BOTS – A CULMINATING TASK 

Part A – Preparation and Information 
 

Use your workbook and other resources to answer the following questions. 

 

1.  Draw a circuit diagram with wires, a battery and a motor. 

2.  How do you think the operation of the motor would be affected if you added another 
battery? 

3.  Define: voltage. How would adding a battery affect the voltage? 

4.  Explain how batteries work. 

5.  How do you dispose of batteries? Why? 

6. Why do some people store batteries in the refrigerator? 

Part B - Now make your Bristle Bot! 

Purpose: 

Make a bristle bot that can stay upright when in motion. Traveling in a straight line 

would be a bonus! 

Materials: 

Hot glue gun and hot glue 

Double sided foam tape 

Battery 

Small magnet 

Pipe cleaners, google eyes etc. 

Small binder clip 

Toothbrush head (unused for tooth brushing!) 

Procedure: 

There are different ways to attach your materials to your tooth brush head. Hot glue and 

double sided foam tape are two different ways. 

Whichever method you choose make sure that the mechanism is free to move when the bot is 
in motion. 



 

 

Part C – Let’s Race! 

Using the test track each student will race their Bristle Bots and record their times. 

Complete the race three times. Record the average of these three trials as your Final Race 

Time. The student with the lowest Final Race Time is the WINNER! 

 Trail                                Time Seconds 

1 

2 

3 

FINAL RACE TIME calculation: 

Time 1                + Time 2                + Time 3                =   

 

FINAL RACE TIME =                                    ÷ 3 +   

Extensions and Suggestions 

 

I have done this activity with small motors purchased from an electronics store (less than $2 

each), but I have also had students bring in old cell phones and pagers. We do some research 

to find where the vibration motors in these devices are located and then we take apart the  

TEAM 4525 RENAISSANCE ROBOTICS 

items and remove the motors. Students of all ages and abilities really enjoyed taking apart 

and seeing the guts of cell phones! 

 

Students can use different voltages of batteries such as 1V and 3V. They can then               

predict, observe and explain the performance of the Bristle Bots using the different             

batteries. 

 

We also make the Test Track as a class. We use one of the toothbrush heads for scale and 

brainstorm materials and designs for a track. 

This is clearly an activity geared toward a locally developed class, but it can be adapted for any 

class that is studying circuits.  

 



 

Curriculum Connections by Grade Level for BRISTLE BOTS Activity 

Grade                                  Unit  

Primary 1    Understanding Matter and Energy: Energy in Our Lives  

· design and construct a device that uses energy to perform a task  

· use scientific inquiry/experimentation skills (see page 12), and knowledge acquired from 
previous investigations, to explore the effects of light and heat from the sun 

Junior 5     Understanding Earth and Space Systems: Conservation of Energy and 

Resources 

· use technological problem-solving skills (see page 16) to design, build, and test a device that 

transforms one form of energy into another  

· identify a variety of forms of energy (e.g., electrical, chemical, mechanical, heat, light, kinetic) 

and give examples from everyday life of how that energy is used 

Intermediate 9   Physics: The Characteristics of Electricity 

· 4 identify the components of a simple DC circuit (e.g., electrical source, load, connecting wires, 

switch, fuse), and explain their functions design,  

· draw circuit diagrams of, and construct series and parallel circuits 

Senior 11 Physics: Electricity and Magnetism 

· analyse diagrams of series, parallel, and mixed circuits with reference to Ohm’s law (V = IR) 

and Kirchhoff’s laws 

This BRISTLE BOT Activity can be adapted for any panel from Primary to Senior. 
Appropriate age based modifications such as using double-sided tape instead of 
hot glue for primary/junior students can easily be made. Instead of using 
batteries, try using small solar panels from dollar store toys. Ask the students 
what they would like to do to change/extend this activity – you might be surprised 
by their amazing ideas! 
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THE HYDERABAD TRAFFIC CHALLENGE 

ENGINEERING CHALLENGE: 

-Build a creative vehicle that can drive around.  

-You need to include a colour sensor on your robot  

-You need to include a touch sensor on your robot  

-You need to include the ultrasonic/IR sensor on your robot 

Coding Challenge:  

-Keeping the 3 sensors in mind, program one of the sensors to allow your robot to respond to a 
set of traffic lights as follows:  

RED – Stop.  

YELLOW – Slow down but continue travelling and make a turn  

GREEN – Go straight & speed up 

-Program the second sensor to allow your car to respond in the event it is “bumped” by another 
vehicle from behind.  

-Program the remaining sensor to prevent your vehicle from hitting a pedestrian or another 
vehicle that is not paying attention and following the rules. 

Research Engineering & Coding Challenge:  

-How could the gyroscopic sensor (gyro) be integrated into your design in a logical or 
purposeful way to a vehicle? Add it into your vehicle design and program it so you can 
demonstrate how it is useful in a real life situation. 
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THE GREAT ESCAPE CHALLENGE  

 
Your robot is trapped! It will be randomly placed inside the box (diagram below) taped on the 
floor in black tape. One portion of the box has a physical raised barrier wall and there is a single 
open exit door.  
Your robot needs to find its way out the door, regardless of where it is placed, entirely on its 

own! 

 

 

 
Design & Build (Engineering) Challenge:  
 
Build a robot that can move itself around.  
You can utilize any sensor or combination of sensors that you desire.  
 
Coding Challenge:  
Program your robot so that no matter where it is placed inside the box it can find its way out. 
Your robot cannot physically touch the line but it can break the plane of the line.  
 
Research Engineering & Coding Challenge:  
How can you change your robot design to speed up the process without changing your code?  

How can you adjust your robot program to speed up the process without changing your design?  

What do you think the best combination of changes will be to complete the challenge and 
escape the box as fast as possible? Test your theory by revising both the robot design and the 
robot code.  
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SEND YOUR ROBOT ON AN AUTONOMOUS MISSION! 

MISSION 1:  

Create a robot that travels autonomously from ‘A’ to ‘B’. You must not go out of bounds or run 

into an obstacle. 

TASK LIST: 

#1-Build your robot. Use instructions found in your kit, online or from a previous exercise.  

*Pro tip: Consider how much time you want to spend on building and how much time you will 

need to spend on all of the other tasks!* 

#2-Layout the course using the map provided. Measure, mark your boundaries, your start and 

end points and place all of your obstacles accurately!  

*Pro tip: check with your builders to make sure your robot’s size will be able fit through the 

path you are choosing.* 

#3-Plan the course of movements your robot will take to navigate the course. Use a flow chart 

or a numbered list of steps to document your plan. 

#4-Program your robot using each step from the course plan.  

*Pro tip: Each step should represent one block for your robot’s program in the software.* 

#5-Test, troubleshoot, revise. 

IDEAS:  

if you want to be competitive, think about how you could speed up the time it takes for your 

robot to make its journey. Consider the course layout, robot design and programming choices. 

MISSION 2: 

Create a robot that travels autonomously from ‘A’ to ‘B’. You must not go out of bounds or run 

into an obstacle. 

TASK LIST:  

#1-Design and build a mounting mechanism to add a light sensor/ultrasonic sensor to your 

robot. Select an appropriate port and connect it. 

#2-Use white paper and black tape or a thick black marker to create tracks that represent the 

path your robot will drive through the course. Tape them securely to the floor  

#3-Create a program that will use the line to navigate the course.  

#4-Test, troubleshoot, revise. 

IDEAS:  



 

if you want to be competitive, think about how you could speed up the time it takes for your 

robot to make its journey. Consider the course layout, robot design and programming choices. 

MISSION 3:  

Create a robot that travels autonomously from ‘A’ to ‘B’. You must not go out of bounds or run 

into an obstacle.  

TASK LIST:  

#1-Design and build a mounting mechanism to add a light sensor/ultrasonic sensor that faces 

downwards, to your robot. Select an appropriate port and connect it. 

#2-Design and build a mounting mechanism to also add a colour sensor that faces downwards 

to your robot. Select an appropriate port and connect it.  

#3-Use black tape to define the full boundary edges of your course.  

#4-Switch the obstacles on your course for coloured tape squares that are all the same colour. 

Use a different colour of tape from the tape used to mark the obstacles to create the “B” at the 

finish point.  

#5-Program your robot to detect the black boundary lines and avoid going outside of them.  

#6-Program your robot to detect the obstacle colour and avoid it.  

#7-Program your robot to detect the “X” colour, stop when it is detected and play a positive 

“success” sound upon arrival. 

 #8-Test, troubleshoot, revise.  

IDEAS:  

if you want to be competitive, think about how you could speed up the time it takes for your 

robot to make its journey. Consider the course layout, robot design and programming choices. 

Think about where your sensors are mounted and the direction of travel of your robot. 

 

 

 

 

 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS-TOURNAMENTS 

RoboRio 2016 

 

 

THE OFFICIAL INTERNATIONAL E-LYMPICS 
July 2016-August 2016 

Just Cause Education Outreach 

www.justcausecanada.org 

Ontario, Canada 

@justcausecanada 
 

Overview: 
Goals: 

To take part in a coopertition through STEAM powered STEM in the 

theme & spirit of the Olympic Games. 
 

1- Science - design and set up each event so it is a “fair test” for 

valid comparison in all Locations. (consistent, predictable, reproducible) 

 -Collect and recording data, analysing and interpreting data 

 -documenting observations via video 
 

2- Technology - write code, developing autonomous programs 

 -design and build mechanisms to complete assigned tasks 

 -set up and record a live webcast 
 

3- Engineering - design, build and program robots that will complete assigned tasks 
 

4- Arts - design a team logo and/or mascot and make a piece of team swag! 

 -create and edit a sports broadcast video 

 -visualize & plan structures and spaces in 2D and physically make them in 3D 

 

5- Math - Measuring and timing, 

 - generating statistics, graphing data sets, comparing 

 -extrapolating and scaling data 



 

 

E-lympic Event Descriptions: 
 

100m Sprint: 
 

The 100 metres is a sprint race in track and field competitions. The shortest common outdoor 

running distance, it is one of the most popular and prestigious events in the sport of athletics. 

It has been contested at the Summer Olympics since 1896 for men and since 1928 for women. 

The 
 

100m men's Olympic sprint champion is hailed the fastest man on earth, and the world stops to 

watch it. 
 

During the RoboRio human competitors will run 100m, Lego NXT/EV3 robots will run 4m and 

OZOBOT will run 2m and HexBugs will run 1m (need to premake a track) All times will be 

recorded on the shared Google Sheet. 
 

Students will also research both the fastest Canadian Olympian, fastest Ugandan Olympian and 

the Olympic 100m World Record Holder and enter their times on the shared Google Sheet.  
 

Shot Put: 
 

The shot put is a track and field event involving "throwing"/"putting" (throwing in a pushing 

motion) a heavy spherical object —the shot—as far as possible. The shot put competition for 

men has been a part of the modern Olympics since their revival in 1896, and women's 

competition began in 1948. 
 

During the RoboRio human competitors from Canada and Uganda will throw a shot and 

record their distance on the shared Google Sheet. 
 

The robot competitor Rambot 4.0 will shoot a ball and this distance will be recorded on the 

shared Google Sheet. The Lego EV3 robot will be built with the ball shooter mechanism 

angled upward. The distance it can shoot a ball will be recorded on the shared Google 

Sheet.  
 

Shot distances will be measured from the start line to where the ball strikes the ground. 

Lego Robots will use a multiplier of 4x their distance in order to scale their throws 

proportional to human players. 
 

 

 

 



 

Football: 
 

Gooooal! Football became an Olympic sport at the Paris 1900 Games, with women joining in 

at Atlanta in 1996. In Rio, 16 countries will battle for the men’s title and 12 for the women’s 

gold medals. Matches are played in seven stadiums across the country. 
 

During the RoboRio the Lego NXT will be loaded with 4 balls and its objective is to hit each 

of the 4 targets, using one autonomous program. The targets will be 20 cm apart (5 cm x 5 

cm) and the robot must start 50 cm back from the target. The percentage of goals scored 

(targets hit) will be recorded on the shared Google Sheet. 
 

The human competitors will have 5 soccer balls and they need to hit each of the 4 targets 

corners. The percentage of goals scored (targets hit) will be recorded on the shared Google 

Sheet. 
 

Students will also research both the penalty kick goal percentages for the Uganda National 

Men’s & Women’s Football Team (The Cranes) and the Canadian Men’s & Women’s National 

Soccer team. They will record these percentages in the shared Google Sheet.  
 

Rhythmic Gymnastics: 
 

A spectacular show in which gymnasts use apparatus, a ring, a ball and a ribbon, to wow the 

judges. This graceful women-only discipline made its Olympic debut more than 30 years ago, 

at the Los Angeles 1984 Games. Accompanied by music, athletes perform in individual or 

team events. 
 

During the RoboRio students in both Canada and Uganda will use OZOBOT to compete. 

Students in Uganda will choose a 30 sec part of a piece of music for the students in Canada to 

choreograph a rhythmic gymnastics routine for OZOBOT. The Canadian students will choose 

the music for the Ugandan OZOBOT routine. The routine will be scored according to the 

following list of required elements worth 50% of the score plus a subjective score (out of 10) 

worth 50% based on creativity, performance and how well the routine complemented the 

chosen music.  
 

Required Elements: 
 

-Multiple (more than 2) spins (2 marks) 

-Pause (2 marks) 

-Incorporate a coloured ball into the routine - contact must be made (2 marks) 

-Changing “ribbon” (light) colour (2 marks) 

-“Figure 8” movement (ring) (2 marks) 
 

The scores (as a percentage) will be recorded in the shared Google Sheet. 



 

 

Scoring, Judging and Awards: 
 

Awards for the 2016 RoboRio E-lympics will be presented to students participants as follows. 

The builder/programmers of a winning robot will need to accept the medal on behalf of their 

bot. Awards will take place after all events are completed. Additional surprise awards for 

special merits and achievements may also be presented!  
 

Event Completion Awards: 
Each event will have awards for successful completion. Students who successfully meet all 

criteria for an event either with a robot or as a human competitor will receive an award ribbon!  
 

Event Winner Medals: 
 

Using the Google spreadsheet of results for each event, a first, second and third place medal 

winner will be presented for each of the four events. 
 

Team E-lympic Trophy: 
 

A team that successfully fields a human and a robotic entrant in each of the four events will be 

presented with a team championship trophy! 
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The NeXT Winter Games - 2018 International E-Lympics 

 

 

THE NeXT WINTER GAMES - UGANDA 2018 
 

BREAKING NEWS: Uganda’s bionic athletes are making their debut in the 2018 

Winter E-lympics! …Seasoned veterans Team Canada look out! 
 

In this tournament, each team will be permitted to use ONE kit of parts (KOP). The KOP for this 

competition are the parts contained within the Standard Lego Mindstorms EV3 robotics kit 

(loaner NXT will be substituted unless we can source the EV3s for each team). The list of parts 

and quantities of each that are contained in this kit can be found in appendix I of this document 

for your reference. Additional motors and sensors outside of those in the KOP are not 

permitted.  
 

Additional mechanical parts can be used if the part is made from a recycled, common everyday 

material entirely by the participating team. These parts cannot be made from any other robotic 

part from a different kit or system. Specialty parts from other Lego kits or robotics kits are not 

allowed.  
 

Competing Robots will be inspected before competition begins. Each team and the judges and 

referees will have the opportunity to examine all registered robots and approve them as fair 

competitors. Any additional parts used outside of the KOP must be removed and the robot 

must be re-inspected prior to being able to compete. 
 

THE CHALLENGE: 
 

Each team is challenged to design, build and program a single robot to autonomously compete 

in four very different events. It is up to you and your team how you use your available 

resources like sensors and motors and how you choose to utilize code to address each 

challenge. Combining the single best design with the most effective autonomous program for 

each individual event will be quite a challenge!  

 



 

SCORING: 
 

Each team will get a maximum of 5 attempts at each event. Their average score of their best 2 

trials will be recorded as their official score in each event. Scoring will be kept according to the 

official scoring sheets which outlines the point structure for each event. 
 

EVENTS: 
 

Opening Ceremonies 

Dodge Wall 

Dash & Dab 

Marathon of Obstacles 
 

EVENT 1: 
 

OPENING CEREMONIES: 
 

With a preloaded uncapped marker attached to their robot, each team will write the two 

characters representing their home country while proudly hoisting their team flag. Characters 

must be clearly legible and can be in any font, style or size up to 1.5m by 2m. 
 

“UG” for Uganda 

“CA” for Canada 

“US” for United States 

“IN” for India 

“IS” for Israel 
 

EVENT 2: 
 

DODGE WALL: 
 

Start point will be marked on the floor located 1.5m at a 45 degree angle from the corner of the 

room. Robot must face the corner point. Robots are to move towards one of the walls that 

comprises the corner and stop at a distance of exactly 15cm from the wall. It must pause for 15 

seconds and the team has the chance to mark the stopping point. After 15 seconds, the robot 

must turn and drive forward to the other wall making up the corner, making contact and then 

returning back to the original start point. 

 

 

 

 

 



 

EVENT 3: 
 

DASH AND DAB: 
 

Robots will fire the “start gun” of 2 balls before completing 1.5 laps of the line track, followed 

by the robot deliberately leaving the track line to celebrate with its signature celebration move, 

a 360 spin while simultaneously firing the remaining 2 balls! 
 

EVENT 4: 
 

*This is and on-the-spot timed team challenge* 

 

MARATHON OF OBSTACLES: 
 

…The marathon is always the last event at the (summer) games! 
 

Begin with the robot centered inside the start box. Dodge all obstacles and use 2 different 

sensors to complete the course using any path you choose, aiming for the least amount of time. 

Time stops when the robot crosses the finish line and stops in the end zone. 
 

SCORING TABLE: 
 

Event 1- ________  ________  ________ 

Event 1- ________  ________  ________ 

Event 1- ________  ________  ________ 

 

Event 2- ________  ________  ________ 

Event 2- ________  ________  ________ 

Event 2- ________  ________  ________ 

 

Event 3- ________  ________  ________ 

Event 3- ________  ________  ________ 

Event 3- ________  ________  ________ 

 

Event 4- ________  ________  ________ 

Event 4- ________  ________  ________ 

Event 4- ________  ________  ________ 
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B-BALL FREE-FOR-ALL 
 
The object of this game is to pick up and score as many Nothing-But-Net balls as 
possible in three minutes of total game play. This time allotment includes all 3 possible 
game phases for a total of 2 minutes and 45 seconds.The field setup is the standard 
Nothing-But-Net field and the goals are the standard nets form the same game. 
Start Zones are indicated by the coloured tiles on the game floor surface as per the 
diagram. 
 
To ensure that the competition is fair, teams must agree on a parts list of official VEX 
parts that they each can work from prior to starting the build. In addition, teams may 
create unique parts of their own to use on their robot so long as the parts are not made 
from a pre-fab robotics kit (eg. NXT, MakeBlock, VEX etc) and are composed entirely of 
recycled materials. 
 

AUTONOMOUS: 
 
The first 15 seconds of the challenge is autonomous. Robots must operate independent 
of human control exclusively using a computer program. 
 
Robots can have a maximum of 5 yellow/green balls pre-loaded in their robot to begin. 
All of the other balls are off the field for this in the reservoir box. Each ball scored during 
this period is worth 5 points. 
 
At the end of this 30 seconds, game play pauses for score tally. 
 

TELE-OPERATED: 
 
The robots remain wherever they finished the autonomous period on the field and will 
begin the 2:30 second teleop play once the ball bin is dumped and the start whistle has 
sounded. 
 
The whistle will be blown to indicate that robots can be engaged for human operation & 
control as soon as the last ball from the reservoir bin hits the floor. This is at the 
referee’s best effort & discretion. Moving prior to the whistle results in a 10 second 
penalty where the offending robot cannot move until a ten count is completed out loud 
by the assistant referee or judge. Violating this rule is cumulative up to two more times 
after which point the robot is disqualified from the match, receiving a score of 0. 
During teleop robots are challenged to pick up and score as many balls as they can. 
Yellow/Green balls are worth 1 point and orange balls are worth 5.  
 



 

The teleop phase game will last 2:30 minutes total or until all balls are scored and out of 
play. 
 

END GAME: 
 
If the game reaches the 2:15 mark one (15 seconds remaining in match) HEX ball will 
be placed on the field, centered between both robot’s start zones. If a team ends up 
with this ball in their start zone when the whistle blows at the end of the match, it will 
take a 10 point deduction. 
 
The final match score will include the cumulative points from autonomous and tele-op, 
less the end game deduction (if applicable) and penalties. 
 

SCORING: 
 
MATCH #        AUTO.    TELEOP.    ENDGAME    PENALTIES    TOTAL 
 
Practice 1- 
Practice 2- 
Practice 3- 
 
1-Blue 
1-Red 
2-Blue 
2-Red 
3-Blue 
3-Red 
4-Blue 
4-Red 
5-Blue 
5-Red 
 

 
 
 
 
 
 
 
 



 

JUDGING: 
CRITERIA                                        PASS?                    COMMENTS 
MOTORS: 
(quantity & type,  
motor controllers  
used, good clearance 
from other parts) 
 

SENSORS: 
(quantity & type,  
location/strength of  
attachment, location  
placement logical) 
 

MECHANISMS: 
(legal kit parts used, extra  
“common” materials used,  
strength of structure, easily  
changed out if applicable) 
 

BRICK/CORTEX: 
(accessibility for wiring,  
accessibility for battery 
 changes) 
 

WIRING: 
(organized wires, easy  
to follow cords & wires,  
cleanly laid out, accessibility 
for working on robot) 
 

WHEELS: 
(types used, logical  
location/selection of type,  
reasoning, clean) 
 

OVERALL STRUCTURE:  
(strong, all moving parts with  
good clearance, wires clear  
of moving parts, screws and  
bolts all tightened, spacers  
used/located well, form  
compliments function, evenly balance) 
 



 

DESIGN PROCESS:  
(different concepts tested?  
What changes and revisions  
to designs were made and why?,  
Which sensors used and why?  
Any alternative ideas explored  
but discarded?  
 
FINAL DESIGN:  
(aesthetics, adjusted for  
symmetry where intended,  
cleanliness of all parts,  
compact design? Modular  
design? Clean, sleek, simple 
 or complex?) 
 
CODE: – general conventions 
general conventions  
(language used? Length?  
Identified as teleop or auto?  
Commented throughout?  
Versioning?)  
 
CODE: – key functions  
(drive code, controller code, 
 sensor operations) 
 
CODE: - quality  
(complexity vs clarity, choices  
made, operators used  
well/appropriately, logic,  
simplicity, variables defined, etc) 
 
IMPROVEMENTS:  
(ideas unexplored or that your  
team now has that could provide 
an improvement to function  
or operation of your bot?) 
 
 
 
 
 



 

BIGGEST CHALLENGE  
WITH THIS BOT? 
 
BIGGEST SUCCESS  
WITH THIS BOT? 
 
WHAT WAS THE MOST  
INTERESTING PART OF  
ROBOTICS FOR YOU SO FAR? 
 
WHAT WAS THE MOST FUN  
PART OF ROBOTICS SO FAR? 
 
WHAT ARE TWO LESSONS  
YOUR TEAM LEARNED:  
(they don’t have to be robot related  
but they can be, or they can just  
be something that you learned  
from the process or working with  
your teammates, or from preparing  
for competition, or about  
engineering/computers) 
 
ANYTHING ELSE YOU WANT THE  
JUDGES TO KNOW THAT YOU  
HAVE NOT HAD THE CHANGE  
TO SHARE?  
 
JUDGES ADDITIONAL/FINAL  
COMMENTS 
 
 

 

 

 

 

 

 

 



 

 

 

TEAM 4525 RENAISSANCE ROBOTICS-TOURNAMENTS 

WRIST SHOT 
 

Welcome to the team robotics competition – Wrist Shot. This 2 minute 30 second game is 

played on an 8ft. X 8ft. field by two teams, red and blue. The gameplay involves 3 periods, just 

like a hockey game. The 3 periods in this game include: autonomously operated, teleoperated 

and end game. 
 

The team that scores the most points at the end of play wins. Teams score or store pucks in 

several types of goals on the game field. The pucks are the standard 2.75” VEX wheels (part 

#276-1496). 
 

The robot starting configuration must not exceed 18”X18”X18”. In other words, it should fit in a 

box this size before you can compete. This is a critical design restriction. After the Autonomous 

Period starts, the robot may expand beyond these limits. 
 

To ensure that the competition is fair, teams must agree on a parts list of official VEX parts that 

they each can work from prior to starting the build. In addition, teams may create unique parts 

of their own to use on their robot so long as the parts are not made from a pre-fab robotics kit 

(eg. NXT, MakeBlock, VEX etc) and are composed entirely of recycled materials. 

 

AUTONOMOUS (FIRST PERIOD) 
The first 15 seconds of the match is the autonomous period. Robots must operate independent 

of human control exclusively using a computer program. Teams begin in their designated corner 

and can score points during this period. 
 

Robots can have up to 4 pucks pre-loaded in their robot to begin. 

Each puck scored during this period is worth double the standard point value they are worth in 

the teleoperated game. 
 

At the end of this 15 seconds, game play pauses for score tally. 

 

TELE-OPERATED (SECOND PERIOD) 
The robots remain wherever they finished the autonomous period on the field and will begin 

the 2:00 second teleop play. A whistle will blow to indicate that robots can be engaged for 

human operation & control as soon as the referee has deemed all teams ready and the 

autonomous score has been tallied. This is at the referee’s best effort & discretion. Moving 

prior to the whistle results in a 10 second penalty where the offending robot cannot move until 

a ten count is completed out loud by the assistant referee or judge. Violating this rule is 

cumulative up to two more times after which point the robot is disqualified from the match and 

being sent to the penalty box - receiving a score of 0. 



 

 

Teams that score pucks in the goal on the field by pushing or shooting them through the 

horizontal slot at field level score 1 pt. each. Pucks scored in the “Five Hole” vertically are worth 

2 pts. Pucks scored on the “Top Shelf” (where you keep the peanut butter) score 3 points. Pucks 

that are placed in the horizontal storage rack are worth 3 points each. Pucks placed in the 

vertical rack are worth 2 points each. 
 

The robot can handle a maximum of 4 pucks at one time on board. Pucks may also be delivered 

from the elevated team station at the side of the field by rolling them down an incline. The 

team station is a platform 12 inches off the ground. There are 12 pucks in the driver’s station. 
 

END GAME (THIRD PERIOD) 
During the last 15 seconds of the match, teams can park their robots on the bench for 

additional points or continue to score pucks. 
 

The bench is 2.5 inches off the ice. If a team can climb to the highest part of the bench, they 

receive 6pts. There’s not much space there however, a team can be pushed off this level before 

the match ends. The last robot standing on the bench gets the points. 

 

ARENA LAYOUT 

 
 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS-TOURNAMENTS 

LEGO LINE FOLLOWER CHALLENGE  

Robots will individually follow a line through a course that has variations in direction and 

elevation. The objective is to complete the course in the shortest period of time while 

accurately tracking the course line from start to finish. 

LINE COURSE SPECIFICATIONS:  

The line following course will be fully inside a white rectangle. The line will be be black and 15 

mm wide at all points. There is a starting area and a start line at the beginning of the course and 

a finish line and exit area at the end. 

The line course starts inside the starting area and ends inside the exit area. The start and end 

points of the line course are be clearly marked via a transverse line. There is a 10 cm gap in the 

starting and finishing lines where the line course passes through them. 

A-There are no crossovers (e.g. places where the line crosses itself) 

B-Switchbacks and hairpins are possible, but the adjacent sections of the line will be no closer 

together than 15cm when measured from the center of each line. 

C-The closest approach of the line course to the edges of the arena will be no less than 15cm, 

measured from the center of the line.  

D-The minimal curve radius is 15 cm. 

E-Sharp angles may occur, but will not be smaller than 90 degrees.  

F-There will be one ramp with a maximum 22° steepness in the course. 

ROBOT SPECIFICATIONS:  

The robots are made of Lego NXT or EV3 kits. Additional pieces or parts are allowed to be 

added as long as they are Lego.  

Maximum height: Unlimited  

Maximum width: 30 cm  

Maximum length: Unlimited  

Maximum weight: Unlimited 

Dimensional and weight limits for robots shall be strictly enforced. Robots must have passed 

inspection prior to competing.  

 

 

 



 

LINE FOLLOWING GAMEPLAY: 

MATCH SETUP & ROBOT PLACEMENT:  

Robot must be placed fully behind the starting line. No part of the robot can protrude over this 

line. Once the robot is in place 

MATCH START: 

After the robot has been placed, the referee gives a starting signal. The competitor is then 

allowed to push the start button on the robot. This is the last human intervention until the end 

of the game. 

MATCH PLAY: 

COURSE TIME  

Time is measured from the start signal until the time it crosses the finish line. A robot is 

deemed to have crossed the line when the forward most part of the robot contacts or crosses 

over the line. 

TIME LIMIT  

The maximum time that a robot is allowed to be on the course is 3 minutes. After 3 minutes a 

fault will be issued. A second attempt is permitted pending time. 

TIMEKEEPING 

Time will be measured by an electronic gate system or by a judge with a stopwatch, based on 

the availability of equipment. In either case the recorded time is final. 
AUTONOMOUS CONTROL 

Once a robot has crossed the starting line it must remain fully autonomous, or it will be 

disqualified. 

LOSING THE LINE 

Any robot that loses the line course must reacquire the line at the point where it was lost, or at 

any earlier (e.g. already traversed) point. 

A robot that wanders off of the course will be disqualified. A robot is deemed to have left the 

course when any wheel, leg, or track has moved completely off the edge of the course surface. 

MATCH END: 

A robot is deemed to have completed the course when the forward most part of the robot 

contacts or crosses over the finish line. 

POWER OF OFFICIALS: 

The decisions of all officials regarding these rules and the conduct of the event shall be final. 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS-TOURNAMENTS 

LEGO SUMO CHALLENGE 

Two autonomous robots go head to head in a ring and try to push their competitor outside. 

One competition consists of three rounds. If there is a lack of time the matches can be 

shortened to one round instead of three. 

RING SPECIFICATIONS:  

Circular Shape, Diameter 77 cm  

Interior is solid black 

White Border, 2.5 cm thick 

ROBOT SPECIFICATIONS:  

The robots are made of Lego NXT or EV3 kits. Additional pieces or parts are allowed to be 

added as long as they are Lego.  

Maximum height: Unlimited 

Maximum width: 15 cm.  

Maximum length: 15 cm. 

Maximum weight: 1000 g. 

The staring configuration of the robot may not exceed the dimensions specified above upon 

placement in the ring.  

After the start robots are allowed to "extend" themselves, e.g. extend ramps or wedges or 

enlarge their base to stabilize. 

The maximum weight and size of the robot will be inspected prior to the start of the match. 

All robots must past inspection and be deemed “safe” for spectators, referees and competitors.  

Any “weapons” or actuators that could harm the competitor, audience is prohibited. Any part 

of the robot or equipment which serves the sole purpose of disturbing the competitor is strictly 

forbidden (e.g. pliers, cannons, catapults, chain saws, cut-off wheels, blinding devices, etc.). 

Equipment which anchors the robot into the ground is forbidden as well (e.g. glue, vacuum 

suckers, wheel-away rubber stoppers, suckers etc.) 

 

 

 

 



 

SUMO GAMEPLAY:  

MATCH SETUP & ROBOT PLACEMENT 

A cross will be placed for setup in the middle of the ring that divides the sumo ring into 4 

quadrants. Robots are always placed in 2 opposing quadrants to begin. Each robot points in the 

opposite direction like indicated by arrows on the cross. The robots can be placed anywhere 

within the quadrant. The cross will be removed by the referee after positioning of the robots. 

After placing, the robot may not be moved anymore. 

MATCH START 

After the two robots have been placed, the referee gives a starting signal. The competitors are 

then allowed to push the start button on their robots. This is the last human intervention until 

the end of the game. 

MATCH PLAY 

The robots then have to wait exactly 5 seconds, before they start fighting. An early start counts 

as a false start and is assessed first with a warning and after a second time it is counted as loss 

of the round. 

The aim of this competition is to find the other robot and push it off the field. A robot is out of 

the field as soon as it touches the floor outside of the field (height of fall is only a few 

centimeters). Hardware and competition tactics may not be designed in such a way that they 

could damage a competitor ("fair play"). 

If both robots are still in the field after 3 minutes, the round ends with a draw (Time-out). There 

are 3 rounds for every robot matchup (3 rounds = 1 match). Tie breakers will be used as 

necessary. 

POWER OF OFFICIALS 

The decisions of all officials regarding these rules and the conduct of the event shall be final.  

 

 

 

 

 

 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS-STEAM ACTIVITIES 

TAKE YOUR ROBOT ON A ROAD TRIP! 

CHALLENGE 1: Keep on going…and going…. 

A REPEATING SET OF COMMANDS USING A LOOP. 

#1-Click the plus sign next to the Project button to start a new program. Choose a different 

name that has not been used.  

#2-Drag and drop the orange block “loop” into the program space.  

#3-Copy the blocks that you used in program 4a and paste them inside the loop button.  

#4-Copy the blocks that you used in program 4b and paste them inside the loop next to 

program a.  

#5-Your program is setup to run program a then program b, then it starts again from a. Now we 

need to set it to repeat the sequence 3 times.  

#6-On the loop block, at the left side there is an infinity symbol (it looks like a big sideways 8) 

that says “Unlimited” when you mouse over it. Click on the symbol and a list will pop up. Select 

the count option from the list.  

#7-Now the infinity symbol will be gone and there will be a “#”. Beside that symbol is the 

number 1. This represents the number of times your program will repeat the set of commands 

inside the loop. Change the number to 3 so that it will repeat whatever you tell it to do 3 times. 

CHALLENGE 2: Drive Around The Block 

-Below is a course that you need to program your robot to travel. 

-Notice that the path is broken up into centimetres. Can you program using distance? 

-What will you need to figure out in order to successfully program your robot to follow this 

course? 

 
 

CHALLENGE 3: Get Out of My Way! 

-An obstacle course is laid out on the floor for you. 



 

-Write a program that navigates the course and moves the robot successfully from point A to 

point B. 

-You can choose to follow any path you want to. 

-The only thing you can’t do is run into an obstacle, move any of the course around or go 

outside of the boundary lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS-TOURNAMENT 

EV3 SHUFFLEBOARD TOURNAMENT  

A Classic Game for All Ages! 

GAMEPLAY: 

This game is a robot version of shuffleboard where you compete for the best spot on the board 

against other robots.  

You earn points by transporting balls from behind your start line to a spot in the court for a 

fixed amount of points. You must return back behind the line using preprogrammed 

commands. 

ROBOT SPECIFICATIONS: 

-Build any creative contraption that you can think of that can drive around.  

-Robots need a way to push a ball on the ground. 

-No IR sensor or Bluetooth can be included on the robot, it must be programmed to operate 

autonomously. 

MATCH RULES: 

#1- All robots must be preprogrammed so they operate autonomously. No remote control with 

Infrared Sensors or Bluetooth is allowed. 

#2-Operator intervention is only permitted during a round if a robot fully leaves the game 

board. This automatically ends the robot’s turn.  

#3-Robots must start and end each round fully behind your start line in order to score points. If 

a robot cannot return to fully cross behind the line to end a round their ball for that round will 

be removed from play and no points are scored for that round.  

#4- Each robot must start with one ball but it can be in contact with multiple balls throughout 

each round.  

#5- Contact with other robots is permitted.  

#6-Scores are tallied added after the final balls have been placed.  

 

 

 



 

 

SHUFFLEBOARD SCORING SHEET  

TEAM NAME:  

BALL ONE-  

BALL TWO-  

BALL THREE-  

TOTAL SCORE-  

 

TEAM NAME:  

BALL ONE-  

BALL TWO-  

BALL THREE-  

TOTAL SCORE-  

 

ETC.  

 

 

 

 

 



 

 

TEAM 4525 RENAISSANCE ROBOTICS-TOURNAMENT 

EV3 BALLOON POPPER TOURNAMENT 

A fan favourite activity for LEGO Mindstorms! 

ROBOT SPECIFICATIONS: 

-Build any creative contraption that you can think of that can drive around.  

-You need to include the infrared sensor or Bluetooth to allow for remote driver control. 

-Attach two balloons to your robot with tape as well as a pin or needle. The pin/needle will be 

used to pop the other team’s balloons. 

GAMEPLAY: 

-Robots will faceoff at opposite ends of a 1.5m x 1.5m playing arena marked out on the floor 

and start the match at the referee’s signal. They may not move before this and repeated 

offenses may result in forfeiting the match.  

-One robot driver from each team will control the robot. Swapping drivers is allowed during the 

match but the game will not pause.  

-The round is over when both balloons on either robot have been popped. 

MATCH RULES: 

-Balloons must be attached low on the body of the robot. They can be no more than 10cm 

above the ground at the lowest point.  

-Balloons must be inflated to 90% capacity. 3. Each robot can only have one pin or needle 

attached to it. The pin or needle must be attached by tape.  

-If a robot completely leaves the boundaries it automatically pops a balloon.  

-If the robots are in a stalemate (neither making any ground) for more than 5 seconds each 

must back up for two complete seconds. 

 

Enforcing rules is at the referee’s discretion. Co-operation is expected from from all! 

 


