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STS-Pi (HAT) – Student Worksheet 

Learning Outcomes  

• Use 2 Motors with the Explorer HAT Pro and assemble a working robot;  
• Understand the how the STS-Pi connects to the Internet and allows remote control;  
• Understand how the Internet can allow connections between a robot and a controller;  
• Explore how different robotics projects can be developed from this foundation.  

Background  

This project expands on the simple motor project by adding an additional motor and connecting the 
Pi to the internet to allow remote control of the STS-Pi which can be controlled either on a computer 
or through a mobile device. The Raspberry Pi is the brain of the robot with the additional components 
like the Explorer HAT Pro being peripherals that are connected to the Pi and allow you to code for the 
components. One of the primary protocols (rules) of the internet is Internet Protocol (IP) which 
allocates a specific numerical address such as 192.168.1.1 and allows other protocols to communicate 
and understand where that device is located.   
 

Every device connected to the internet has an IP address which can be discovered by typing "ifconfig" 
into the Terminal of the Raspberry Pi and "ipconfig" on a Windows machine. The software on the STS-
Pi is connected to the internet and when the specific Raspberry Pi IP address is put into the URL bar in 
a browser the control software for that Raspberry Pi is presented. This is quite a complex task and is 
made easier with an easy installation of the software. You should research into how the Python script 
controls the motors and the principles of creating a web application (Look at the intro to motor driver 
project for ideas).   
 

This is the foundation level of nearly all robotic systems, they start very simple and then develop with 
additional hardware and software into very complex systems. A robot is defined as a complex machine 
able to complete tasks automatically, usually with either the aid of sensors or specific commands, 
robots can take many forms and can fulfil a range of tasks only limited by your imagination. There are 
robots that understand how to walk and jump (like the Boston Dynamics robots), we send robots to 
explore space and the ocean and we are even creating robots small enough to enter the human body 
for medical research.   
 

Each of these robots are the union of hardware and software with a processing controller like the 
Raspberry Pi at the heart of them. The Raspberry Pi not only stores the code but also possesses the 
processing power to quickly execute the code. While the STS-Pi doesn’t have as much processing 
power as the Boston Dynamics robots it is also a fraction of the price, allowing anyone interested in 
computers access to make their own robots.   

Hardware Required 

Component Number (Peli Case) Component 

(Base) 4 + 5 Raspberry Pi + Case 

(Base) 5 Raspbian SD Card 
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Component Number (Peli Case) Component 

(Base) 8 Explorer HAT Pro 

(Level 1) 2 STS-Pi Chassis 

(Level 1) 2 Motor 

(Base) 25 Wheels 

(Level 1) 3 Male Female Wires 

(Level 1) 3 HDMI 

(Level 1) 3 Wireless Keyboard 

(Level 1) 5 Wireless Mouse 

(Level 1) 4 Power Bank 

STS-Pi Setup 

Step 1: Ensure that all the hardware required is taken out of the Peli or Box case; 

Step 2: You need to find the component that has a silver ball in the end of it, also 3 

spacers and 2 of the longest white screw and corresponding nuts; 

Step 3: Link the long white screws through the holes in the side of the ball holder and 3 

spacers, this needs to be connected to the large black chassis base and screwed 

firmly in place (Make sure the STS-Pi logo is facing upwards and the ball holder 

is connected on the underside); 

Step 4: Locate the white chassis base and place this on top of the black chassis base, on 

the rear left and right sides there are areas that are cut out for the motor to be 

placed through, make sure these align; 

Step 5: Place the Raspberry Pi in the hole in the white chassis base with the USB ports 

and Ethernet port facing towards the rear use the larger screws and nuts to 

secure the Raspberry Pi to the chassis (Make sure the SD card is already in the 

Raspberry Pi before it is connected to the chassis); 

Step 6: Connect the Explorer HAT Pro to the Raspberry Pi, making sure the connector 

pins on the bottom of the HAT are aligned with the GPIO pins on the Raspberry 

Pi; 

Step 7: Now turn the chassis over so you are looking at the bottom of the base, find one 

of the motors and place it in the rear hole on the chassis so the pins are facing 

upwards through the base (There is a left and right motor, the motor will fit 

perfectly when the correct orientation is found; 
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Step 8: Find the “U” piece of plastic and use this to secure the motor you have just 

connected to the chassis, use the short screws and nuts to secure this 

component to the chassis; 

Step 9: Repeat these steps to connect the other motor to the chassis; 

Step 10: Align the wheels with the connectors on the motors and firmly push the wheels 

onto the motors; 

Step 11: Flip the chassis over again so you are looking at the Raspberry Pi side of the 

chassis and you will be able to see 2 pins pushing through the chassis; 

Step 12: Looking at the bottom you will be able to see which pin is + and which is -; 

Step 13: Starting with the LEFT motor use the Female end of a Male Female Wire to 

connect the + pin on the motor to the + pin hole on the Explorer HAT Pro MOTOR 

1; 

Step 14: Using the Female end of Male Female Wire to connect the – pin on the motor to 

the – pin hole on the Explorer HAT Pro MOTOR 1; 

Step 15: On the RIGHT motor use the Female end of a Male Female to connect the + pin 

on the motor to the + pin hole on the Explorer HAT Pro MOTOR 2; 

Step 16: Insert the USB dongle for the keyboard and mouse (or connect an external USB 

keyboard and mouse); 

Step 17: You are now ready to power on the Raspberry Pi. Plug in the power bank to the 

Raspberry Pi. You should get a red light appear and a green/amber light flashing 

as the Raspberry Pi starts to boot up; 

Step 18: Once the Raspbian OS has booted up it will auto log in using the username: pi 

and password: raspberry; 

Step 19: 
Open a terminal window by clicking on the  icon on the top menu bar; 

Step 20: Make sure you are connected to the Wi-Fi and any other wireless devices you 

are using to control the STS-Pi is on the same network; 

Step 21: In the terminal type ls so you can see all the files and directories at your current 

location in the directories; 

Step 22: Type cd sts_pi_controller to move into the sts_pi_controller directory; 
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Step 23: Type sudo python app.py to start the wireless application that connects the 

Raspberry Pi and whatever wireless device you are going to use to control the 

STS-Pi (Mobile phone, laptop, tablet, etc); 
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Step 24: Once the app has started open another terminal and type ifconfig to find your 

IP address; 

 

Step 25: On the device you are going to use to control the STS-Pi enter the IP address 

into the URL in a browser and you will be presented with a control screen giving 

you directions (forwards, backwards, left, right, etc); 

Step 26: You now will be able to control your STS-Pi, if the direction arrows are backwards 

this is because you have connected the Motors to different inputs on the 

Explorer HAT Pro and the code in the sts_pi_controller;  

Step 27: This is the end of this project and you can now shutdown and pack away your 

hardware. 

Conclusion  

This project combines and works through many different concepts and it is important to understand 
how these all work together to make a working product. By connecting a robot to the internet will 
enable it to be controlled anywhere there is another internet connection.  
 

It is important to understand how the controller works and what can be achieved by looking at the 
app.py code (open this in Nano and have a go at changing some of the code). The easiest would be to 
slow down or speed up the rotation of the wheels, while this can make the STS-Pi very quick it also 
drains the battery and there is a latency between the STS-Pi and the controller.   
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There are many more modifications that could be made to the STS-Pi, you could add a camera to the 
setup and instruct it to take pictures every 30 seconds. You could also add a sensor that would stop it 
hitting any walls in front of it if it was being directed too close to an object. The possibilities are 
endless, but can you think of any more developments you could make? 

Disclaimer 

Any actions and or activities related to the material contained within this Website is solely your 

responsibility. The misuse of the information in this website can result in criminal charges brought 

against the persons in question. Cyber Security Associates will not be held responsible for any criminal 

charges brought against any individuals misusing the information in these projects to break the law.  
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