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Teaching Guide - CyberPiProjects 
Motor Driver (HAT)  

Teacher Overview 

All of us are used to buying prepacked products that are sealed and cannot be broken 
into without invalidating a warranty or breaking the terms of use. It is important that 
the students understand that the products we spend significant amounts of money on 
are made out of very simple and versatile components.  Your home PC is a selection 
of components that work together and are connected and locked like lego bricks. The 
Raspberry Pi is a micro-PC made up of a 1.2GHz quadcore processor, a graphics chip 
and an array of connectors to additional components that it can interact with. The 
computing power of the Raspberry Pi allows for more complicated projects to be 
created, or even combined to create bigger and better creations.  

The Explorer HAT Pro (HAT) is a shield that can be plugged directly onto the 
Raspberry Pi 42 GPIO Pins. The wiring allows for easier identification of peripherals 
and their polarity than trying to understand which how to control each Pin and what 
they do for beginners. The layout of this HAT allows for easy identification of the Motor 
pins and the associated Python library for the HAT which is imported using the Import 
command at the beginning of the code. There are additional peripherals that can be 
attached to the HAT, allow the students the time to research what additional sensors 
could be attached to this project to develop it.  

Python is a well-known programming language released in the early 1990s. It’s a 
simple and versatile language that provides the foundations for cyber security and 
computer coding. In this project we will introduce defining a function which is a 
segment of code that can be reused in different places without having to write out all 
the components of that function. If statements are conditional expressions that will 
either be true or false, allowing for different areas of code to be initiated depending on 
previous situations, if statements can also trigger different segments of code called 
else and elif. When using python, it is important to explain to your students that using 
indents is VITALLY important, python relies on indents to correlate related code. For 
example; 

If statement: 

Conditional code 

More conditional code 

Else statement: 

More conditional code 

Even more conditional code 

If indents aren't placed properly then the code will not implement and cause a lot of 
frustration.  

http://www.cyberpiprojects.com/
mailto:info@cyberpiprojects.com


 

Page 2 of 7 
www.cyberpiprojects.com  | info@cyberpiprojects.com 

 

 

Suggested Year Group  

The suggested age group is 12+, this is an easy way to introduce simple electronics 
and programming to the students. 

Learning Outcomes 

• Show the students how the Raspberry Pi works and how it connects to other 

peripherals; 

• Teach students how to program in Python; 

• Illustrate how many machines use a combination of a processor and 

peripheral hardware to work. 

Equipment Specification 

Component Number 
(Peli Case) 

Component 

(Base) 4 Raspberry Pi 
(Base) 12 Explorer HAT Pro 
(Level 1) 1 Power Supply 

(Base) 4 
Micro SD card – 
Raspbian 

(Level 1) 2 Keyboard 
(Level 1) 5 Mouse 
(Level 1) 2 HDMI 
(Level 1) 3 1 Motor 
(Level 1) 2 2 Male to Female Wires 
(Level 1) 3 1 Wheel 

 

Disclaimer 

Any actions and or activities related to the material contained within this project and 
website are solely your responsibility. The misuse of this project can result in criminal 
charges brought against the persons in question. Cyber Security Associates Limited, 
will not be held responsible for any criminal charges brought against any individuals 
misusing the information on the website and in these projects to break the law. 
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Lesson Plan Motor Driver  

Preparation 

It is suggested that students work either independently or in pair on this project they 

will need access to a monitor, the full CyberPiProjects Drop Crate and a workspace 

to complete this project. Suggested completion time is an hour. 

Learning Objectives 

1. Understand the connection between the Raspberry Pi and external hardware; 

2. Learn about Python and its value in programming; 

3. Explore the different ideas that this project could be applied to. 

Key Vocabulary  

Raspberry Pi, Motor, Physical Computing, Command Line Interface, Code, Python, 

Permissions, Forwards, Backwards, Speed 

Structure 

Explain to the students that in this lesson they will develop the skills to configure the 

motor driver and program it. 

Starter (suggested time 5 minutes) 

As a starter discuss with the students about the importance of physical computing. 

(Possible key questions to ask and address) 

• What is physical computing? 

• What is a motor? 

• What is programming? 

• What advantages are provided being able to program for physical devices? 

Highlight to the students that the skills learnt today will provide a foundation for future 

projects and personal ideas for programming and potential careers. It is important to 

understand how electronics work with computers and how we are able to configure 

physical and digital devices together to create these projects.  

Project Overview (suggested time 10 minutes) 

Introduce this project with an explanation of how the students will physically 

configure the motor and program for it using the Raspberry Pi. 

In this project the students are going to use an Explorer HAT pro which interfaces 

with the Raspberry Pi and allows additional sensors and motors to easily be set up. 

This is a great way to introduce how easy the Raspberry Pi is to use. The important 
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part of this lesson is to explore how this project and similar projects can be applied 

to the real world.  

 

 

 

(Pimoroni, (2018) Explorer HAT Pro Projects, 

https://learn.pimoroni.com/explorer-hat) 

 

Introduce the students to the programming language, Python. This programming 

language uses some basic rules that when used correctly can be applied to many 

projects. For this project make sure the students understand how important using 

the TAB button is. If the code isn’t followed correctly then there are going to be errors 

in the code that will prevent it from executing. This is the most common place errors 

occur.  

Set up and Code Project  (suggested time 40 minutes) 

Using the support notes online and the video as guidance students need to work 

independently to set up a motor driver device. Teacher to support learning and offer 

discussion points with student. 

Hardware Assembly 

1. All the hardware the students need, needs to be out of the Peli or Box case 

and laid out on the work station to be ready to be used. You can use the 

component list of the project and cross reference it with the kit list to figure out 

http://www.cyberpiprojects.com/
mailto:info@cyberpiprojects.com
https://learn.pimoroni.com/explorer-hat


 

Page 5 of 7 
www.cyberpiprojects.com  | info@cyberpiprojects.com 

 

what and where everything is. It is all labelled and numbered, and there is one 

for each case; 

2. It is easy for the connector on the HAT to be misaligned and not cover both 

rows of the Raspberry Pi pins. Make sure the students are firm when pushing 

the HAT onto the Raspberry Pi but not so forceful that they risk damaging 

either component; 

3. Locate one of the motors and a wheel, align the centre of the wheel and push 

firmly so it is connected to the Motor. You’ll find these components in the 

antistatic bag with the STS-Pi; 

4. On the other end of the Motor there are 2 pins, one has a + sign on it, connect 

the Female end of a Male Female wire to the + on the motor and the Male 

end needs to go in the + pin hole on the Explorer HAT Pro in the MOTOR 1 

+. Show the students where the + and – are on the HAT and the motors, the 

wires need to align, or the incorrect polarity will be sent to that connector; 

5. Next to the + pin there is a – pin, connect the Female end of a Male Female 

wire to the = on the motor and the Male end needs to go in the – pin hole on 

the Explorer HAT Pro in the MOTOR 1 -. Show the students where the + and 

– are on the HAT and the motors, the wires need to align, or the incorrect 

polarity will be sent to that connector; 

6. Make sure the students have inserted the Raspbian SD card into the 

Raspberry Pi, and the SD cards have been put in the correct way up and have 

been inserted all the way in; 

7. Check that the students have all inserted the USB dongle into the Raspberry 

Pi properly for the mouse and keyboard or have correctly inserted an external 

USB keyboard and mouse; If there are problems with the wireless keyboard 

and mouse check the batteries, they might need changing or have been put 

in wrong; 

8. When the students are connecting the TFT screen to the Raspberry Pi GPIO 

pins they need to do it carefully, so none of the pins get bent, making sure the 

HDMI ports are aligned on the side. If there are problems with this check the 

pins are all straight and the students are inserting them in the correct way. If 

the pins are bent straighten them back up, you can use something small to 

carefully straighten the pins. Make sure the HMDI is fully inserted into the TFT 

screen and the Raspberry Pi. The HDMI port is located at the bottom of the 

Raspberry Pi. If the students are using a monitor then connect it to that 

instead, you will then not need the TFT screen; 

9. Powering on the Raspberry Pi needs to be done last. Make sure the students 

have plugged the power supply into the walls power outlet and have turned 

on the switch. Then they need to connect the mini USB cable to the power 

socket on the Raspberry Pi, which is located on the bottom left of the 
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Raspberry Pi. When this is all done a red light should appear and a green/ 

amber light flashing as the Raspberry Pi starts booting up. If this doesn’t 

appear take out the power supply and make sure all the wires and everything 

else is in the correct place and is fully inserted. Then retry it by inserting the 

power supply into the Raspberry Pi again; 

10. Make sure the students let the Raspberry Pi boot up fully and they don’t touch 

anything. You don’t need to worry about logging in it will automatically do that 

for you with the username: pi and password: raspberry; 

11. When the students click on the terminal tab, they only need to press it once 

and let it load, otherwise if you spam click it, it will load up multiple windows. 

The tab is located at the top left of the screen. Terminal is the best way to 

instruct the students in controlling the Raspberry Pi, there are more options 

for the tools and a foundation for further education; 

Code  

12. Nano is a simple text editor that can also be adapted for use with code and 

identification of different coding languages; 

a. #!/usr/bin/python tells the OS what language to interpret the file as 

and then execute the commands within using that same language; 

b. Functions can be described like a bucket or a container, the name 

defines how the container is called within the code and the code 

following it are what are in the container; 

c. Python relies on whitespace to show the relationship between different 

areas of code. The code following a function needs to be indented once 

to show it is within that function. 

13. Sudo stands for Super User Do, a Linux command that allows that command 

to be executed as though the user had root privileges; 

a. Chmod changes the permissions of a file, read, write and execute 

allowing different users to do different things with that particular file. 

Plenary (suggested time 5 minutes) 

Conclude with a few questions for the students to understand the applications of this 

project.  

(Possible questions include) 

• Why do we learn about physical computing? 

• Why do we learn programming? 

• What applications can you think of for this project? 

Conclude the project using the material highlighted within the conclusion section 

online to summarise its importance. 
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Additional Notes  

Physical computing is all around us, we need to understand how much we rely on 

technology to be able to develop it and understand its application in a range of 

settings. This project can be applied and visualised in other instances like doors, 

cars etc. 

Invite confident students to think of other ways this project could be developed, 

instruct them to think if additional motors could be added? What would they add to 

the project? Are there additional sensors that could be added? 

Conclusion 

The purpose of this project is to introduce students to the Raspberry Pi and how it 

can be used to control additional hardware and interact with the real world. The HAT 

is a good way to introduce how the Raspberry Pi connects with different sensors, but 

you should also be aware of its limitations for a more complex project. This project 

is also designed to start the students thinking about how they can create solutions 

to what might seem like complex problems by breaking them down and seeing the 

individual components. Challenge the students to create their own projects that could 

be solved with a Raspberry Pi based project, using hardware and software and 

collect these designs for future evaluation.    
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