

    
      
          
            
  
GalaxyRVR - SunFounder Mars Rover Kit

Thanks for choosing our GalaxyRVR.


Note

This document is available in the following languages.



	Deutsch Online-Kurs


	日本語オンライン教材


	English Online-tutorials







Please click on the respective links to access the document in your preferred language.



Imagine piloting a rover on the desolate terrain of Mars, exploring alien landscapes and confronting the unknown. Sounds like a dream for NASA engineers, right?

Not anymore.

Welcome to the world of the GalaxyRVR, a Mars Rover kit from SunFounder, designed to bring interplanetary exploration right into your living room.

[image: _images/galaxyRVR.jpg]
Built upon the same universal rocker-bogie system employed by NASA’s real Mars rovers, GalaxyRVR is capable of traversing all kinds of terrains – be it rocky mountains, sandy beaches, or grassy fields. The suspension system ensures smooth mobility, making the alien world of Mars feel just like home.

Equipped with a high-definition camera module, GalaxyRVR offers a first-person view, providing an immersive piloting experience as if
you’re truly navigating the Red Planet. Its advanced obstacle avoidance module and ultrasonic module ensure it can dodge obstacles, embodying a spirit of autonomy and resilience.

Delve into the Cosmos: The Courses


	Play Mode: Want a quick start? Play Mode is designed for those who can’t wait to start their Martian journey. With factory-preloaded code, simply assemble your GalaxyRVR and control it using the convenient app to explore its multitude of functions.


	Course Mode: Intrigued by the underlying technology? Course Mode is for those who want to delve deeper. Understand the principles behind the GalaxyRVR’s design, learn to code, and empower your rover with a variety of exciting features.




This documentation is your guide to exploring the intricacies of GalaxyRVR. It includes detailed assembly instructions, programming guides, and insights into the working principles of a Mars Rover, all aimed to stimulate your curiosity and foster creativity.

The GalaxyRVR isn’t just a toy, but a gateway to Mars, an educational tool, and a catalyst for limitless imagination. Start your cosmic journey today with GalaxyRVR, and let your world become an extension of Mars.



	About this Kit

	Assemble Video

	Play Mode
	Quick Guide

	Avoid(E)

	Follow(F)

	STT(J)





	Course Mode
	Lesson 1 Unveiling the Mars Rover

	Lesson 2 Understanding and Making Rocker-Bogie System

	Lesson 3:  Entering the World of Arduino and Coding

	Lesson 4: Mastering the TT Motor

	Lesson 5: Unleashing Mars Rover Mobility

	Lesson 6: Exploring the Obstacle Avoidance Module

	Lesson 7: Enhancing Rover Navigation with Ultrasonic Module

	Lesson 8 Advanced Obstacle Avoidance and Intelligent Following System

	Lesson 9: Lighting the Way with RGB LED Strips

	Lesson 10: Exploring the Mars Rover Visual System - Servo and Tilt Mechanism

	Lesson 11: Exploring the Mars Rover Visual System - Camera and Real-time Control

	Lesson 12: Driving the Rover with the App

	Lesson 13: Investigating the Mars Rover Energy System





	Hardware
	SunFounder R3 Board

	GalaxyRVR Shield

	ESP32 CAM

	Camera Adapter Board

	Ultrasonic Module

	IR Obstacle Avoidcance Module

	4 RGB LEDs Strip

	Servo

	TT Motor

	Solar Panel

	18650 Battery





	FAQ
	Q1: Compilation error: SoftPWM.h: No such file or directory？

	Q2: avrdude: stk500_getsync() attempt 10 of 10: not in sync: resp=0x6e?

	Q3: How can I use the STT mode on my Android device?

	Q4: About the ESP32 CAM Firmware

	Q5: How to Flash New Firmware to an ESP32 CAM?









Copyright Notice

All contents including but not limited to texts, images, and code in this manual are owned by the SunFounder Company. You should only use it for personal study,investigation, enjoyment, or other non-commercial or nonprofit purposes, under therelated regulations and copyrights laws, without infringing the legal rights of the author and relevant right holders. For any individual or organization that uses these for commercial profit without permission, the Company reserves the right to take legal action.




            

          

      

      

    

  

    
      
          
            
  
Assemble Video

Overview

If you want to learn while assembling the various components, you can refer to Course Mode. In Course Mode, each lesson comes with assembly videos, component principles, and related test code, allowing you to learn as you go. So, you can skip this chapter.

If you want to quickly assemble and start playing, you can watch the assembly video first. After completing the assembly, proceed to Play Mode to learn about the app installation and connection. Then, you can use the app to control the GalaxyRVR.

Videos


	For the assembly of the GalaxyRVR, we provide printed assembly instructions in the kit. Here is the PDF version of it:



	Component List and Assembly Instructions [https://github.com/sunfounder/sf-pdf/raw/master/assembly_file/z0112v11-a0001012-galaxyrvr.pdf]









	If you are having difficulty understanding the printed assembly instructions, you can instead follow our step-by-step assembly video.



Note


	The assembly videos are in a series of 7.


	You can check out other videos from the playlist in the upper-right corner, or let it play automatically.
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Play Mode

Are you eager to kick-start your Martian journey right away? Our Play Mode is perfectly tailored for those of you who just can’t wait to dive in. Equipped with factory-preloaded code, you can jump straight into the action after assembling your GalaxyRVR. Use the user-friendly SunFounder Controller app to explore its myriad of functions including first-person driving, switching between obstacle avoidance and follow modes, and even voice control.
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Course Mode

Welcome to the Course Mode, a structured journey through 13 enlightening lessons. We kick off with a fascinating glimpse into the history of Mars rovers, setting the stage for our own rover assembly.

From the second lesson, we’ll start getting hands-on. Each lesson spotlights a unique component crucial to our Mars rover. You’ll not only understand its purpose and significance but also master its assembly and integration into the rover.
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Lesson 1 Unveiling the Mars Rover

Welcome to Lesson 1: Understanding the Mars Rover. Today, we dive into the thrilling world of Mars rovers—our remote explorers on the Red Planet. We will learn about their evolution, their functions, and the technological marvels that they are. Furthermore, you’ll channel your creativity to design your own rover and hone your presentation skills by explaining your unique design. Get ready to explore Mars from your classroom!


Learning Objectives


	Gain an understanding of the evolution and purpose of Mars rovers


	Express creativity by designing your own Mars rover


	Enhance presentation skills by sharing and explaining your rover design






Materials


	Mars Rover images and technical specifications for reference


	Documentary video on the history of Mars rovers


	Computer with internet access for research and viewing documentary


	Presentation slides or interactive whiteboard for lesson delivery


	Drawing paper, pencils, and coloring materials for rover design activity


	Worksheets for guided note-taking, reflection, and design planning






Steps

Step 1: What are Mars Rovers?

Before we dive into Mars rovers, let’s first acquaint ourselves with Mars itself. As we can see from the images and models,
the surface of Mars is marked with craters, mountains, valleys, and dust storms, painting a picture of a landscape
that is both fascinating and challenging.


[image: _images/mars_surface.jpg]
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Can you imagine what it would be like to navigate through such a rugged terrain?
Now, suppose you have the task of designing a rover for Mars.


	What considerations will you keep in mind given the terrain and conditions of Mars?


	What features will you equip it with to ensure it can perform its functions effectively?


	What tasks do you envision your Mars rover would need to accomplish?




Remember, a Mars rover is a robot designed to explore Mars, study its environment, and send data back to Earth.
So think about aspects such as movement, communication, power supply, scientific research capabilities, and durability
under Mars’ extreme conditions.

Let’s take a moment to brainstorm and share our ideas. It’s interesting to think like engineers and scientists, isn’t it?
We’ll delve deeper into actual Mars rover designs and their functions in the following steps,
so keep your creative ideas in mind as we progress.

Step 2: Exploring the History of Mars Rovers

Next, we’ll embark on a journey through time by watching a documentary that details the history of Mars rovers.
The documentary takes us from the first attempt at deploying a rover on Mars, the Soviet Mars 3 rover which unfortunately
didn’t succeed upon landing in 1971, to NASA’s first successful Mars rover, Sojourner, in 1997.

Our journey doesn’t stop there, as we venture further to understand the adventures of the most advanced rovers yet: Spirit, Opportunity, Curiosity, and Perseverance.
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Lesson 2 Understanding and Making Rocker-Bogie System

In our previous lesson, we learned about the Mars rovers and their basic structure. One interesting aspect that we notice
when looking at the evolution of Mars rovers is the consistency in their suspension system.
Despite the advancement in technology, all the rovers from Sojourner to Perseverance have been
designed using a similar type of suspension system known as the Rocker-Bogie system.

But why stick with the Rocker-Bogie system, you might wonder? What benefits does this particular design offer for Mars exploration?

[image: _images/rocker_bogie_pic.webp]
In today’s lesson, we’re going to dig deeper into the science and engineering behind the Rocker-Bogie system, then build one.

Let’s embark on this exciting engineering journey!


Learning Objectives


	Understand the design principle of the Rocker-Bogie suspension system and its advantages.


	Learn how to design and make a basic model of the Rocker-Bogie suspension system.


	Apply basic principles of physics to explain how the Rocker-Bogie suspension system overcomes complex terrains.






Materials


	Blueprints and reference materials (such as NASA Mars Rover design drawings and videos on how the Rocker-Bogie suspension system works)


	Mars Rover structure kit


	Basic tools and accessories (e.g. screwdriver, screws, etc.)






Steps

Step 1: Unraveling the Rocker-Bogie System

The Rocker-Bogie system is like a mountain goat of mechanics - designed to keep all wheels of the rover grounded while it navigates over rough and rocky terrains. It’s specially built for handling Mars’ unpredictable landscape, including steep inclines and sizable boulders. This system skips springs and instead leverages the geometry of its six wheels and their interactions to conquer tricky terrain. It’s a shining example of how clever mechanical design can surmount environmental hurdles.

Let’s dive into the two main parts of this system - the “rocker” and the “bogie”.

[image: _images/rocker_bogie.png]

	The “rocker” part of the system is like the two large limbs on either side of the rover’s body. These limbs, or rockers, connect to each other and the rover’s body, or chassis, through a mechanism called a differential. Just like two legs walking, the rockers rotate in opposite directions relative to the chassis, making sure that most of the wheels keep in contact with the ground. The body of the rover maintains the average angle of both rockers. One end of a rocker connects to a wheel, while the other end connects to the bogie.


	The “bogie” part of the system is like a mini-limbed creature attached to the rocker. It’s a smaller linkage system that pivots in the middle to the rocker and has a wheel at both ends.




With this basic understanding, let’s hop to the next step of our adventure.

Step 2: Seeing the System in Action

Below is a GIF that showcases the unique features of the Rocker-Bogie suspension system and illustrates how it enables Mars rovers to navigate the challenging Martian terrain.

[image: _images/rocker_bogie.gif]
After watching the gif, let’s have a discussion! Think about these questions:


	Why do you think the Rocker-Bogie suspension system is suitable for Mars exploration?


	Can you describe how the Rocker-Bogie system works in your own words?


	What are the key features of the Rocker-Bogie system that help the rovers to negotiate rough terrain?




Feel free to share your thoughts and insights about the Rocker-Bogie suspension system.

Step 3: Building it

Now that we’ve learned about the Rocker-Bogie system, it’s time to build our own.

Materials you need:


	GalaxyRVR Kit


	Basic tools like screwdriver and wrench


	Follow the steps provided in the assembly instructions of the GalaxyRVR Kit to construct the suspension system of the Rover.
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Lesson 3:  Entering the World of Arduino and Coding

In our previous lesson, we successfully built the Rocker-Bogie Suspension System.
However, to make it functional, we need to provide it with power, a control board, and programming to dictate its movements.

So in this lesson, we’re going to get acquainted with the control board and the programming platform we’ll be using.

[image: _images/upload_blink.gif]

Course Objectives


	Understand the basic concepts and functions of Arduino.


	Learn about SunFounder R3 Board.


	Install Arduino IDE and get familiar with its interface.


	Learn about basic syntax rules for Arduino programming.






Course Materials


	SunFounder R3 Board


	Arduino IDE


	USB Cable


	Computer






Steps

Step 1: Introduction to Arduino

You may have often heard the term “Arduino” in various contexts, but what exactly is it and why has it become so popular?

Arduino is an open-source electronics platform that is easy to use for both hardware and software applications. It’s designed to make digital devices and interactive objects that can sense and control the physical world around them.

Sure, let’s break it down:


	Open-source: Think of open-source like a community garden. Everyone can use it, everyone can contribute to it, and everyone can benefit from it. With open-source, both the designs of the physical parts (the hardware) and the programming instructions (the software) are shared freely. This means anyone can use them, improve them, or create their own versions. It’s all about sharing and creativity!


[image: _images/arduino_oscomm.png]





	Microcontroller: A microcontroller is like the brain of the Arduino. It’s a tiny computer that can run simple software. Although it’s not as powerful as the computer you’re using now, it’s perfect for simple tasks like understanding messages from sensors or lighting up an LED (a small light).


[image: _images/arduino_micro.jpg]





	Development Board: Imagine the development board as the body that supports the brain. It’s the board where the microcontroller sits and it contains other parts that help the microcontroller interact with the world. These parts include things like oscillators (that help with timing), voltage regulators (that control power levels), and connectors for power and data (like the plugs and switches in your house).


[image: _images/arduino_board.png]





	Arduino IDE: This is like the teaching classroom for your Arduino. It’s a program that runs on your computer where you can write the instructions that tell your Arduino what to do. These instructions are written in a programming language based on C++. Once you’ve written your instructions, you can send them to the Arduino board using a USB cable, just like handing in your homework!


[image: _images/arduino_ide_icon.png]







Now that you understand these basic ideas, you’re well on your way to becoming an Arduino expert!

Then we’ll dive into some hands-on activities to get you acquainted with Arduino programming and engineering principles.
Get ready for an exciting learning journey!

Step 2: Getting to Know Your SunFounder R3 Board

Inside your kit, you’ll find a blue board, seemingly a tiny city filled with small metallic towers and pathways. But don’t let it intimidate you! This is the SunFounder R3 development board, a kind of Arduino board that can be used to program and control a vast array of electronic devices and projects.

Let’s understand its key features in simple terms:

[image: _images/sf_r3.jpg]

	14 Digital Pins: Think of these pins like little messengers. They can be programmed to send (output) or receive (input) simple “yes” or “no” messages to other parts of your Mars Rover. These messages are actually “on” or “off” signals that the board uses to control things like lights or motors.



	Six of these special pins can even send messages in a kind of secret code called PWM (Pulse Width Modulation). This code can be used to control how bright a light is, how fast a motor spins, or even where a moving part positions itself.









	6 Analog Pins: These pins are like the board’s six special senses. They can read signals from different types of sensors (like a temperature sensor) and then translate these signals into a language that the board can understand and use in its programming.


	USB Connection: This is like the board’s umbilical cord. You can use it to connect your board to your computer. This connection allows your computer to “teach” the board what to do by sending it a program you write.


	Power Jack: This is the board’s food supply. You can connect a power supply, like a battery or an AC-to-DC adapter, to this jack to “feed” your board the electricity it needs to work.


	ICSP Header: This is like a special entrance for programming the board. It can be used if you have an external programmer (a special device for “teaching” the board).


	Reset Button: If you press it, it’s like telling the board to forget what it was just doing and start its program over from the beginning.




With these basics, you’ll be all set to begin your programming adventures with the SunFounder R3 board!

Step 3: Install Arduino IDE

Now that we understand what Arduino and the Arduino board are, it’s time to start putting that knowledge to use. We’re going to install the Arduino IDE, which is the software we’ll use to program our Arduino board.

The latest version of the Arduino IDE is version 2.0. It’s packed with features and is super user-friendly. However, you should know that it does have some system requirements:



	Windows - Win 10 and newer, 64 bits


	Linux - 64 bits


	Mac OS X - Version 10.14: “Mojave” or newer, 64 bits







To get started, follow these steps:


	Vist Arduino IDE 2.0.0 Page and download the IDE for your OS version.
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For Windows users:



	Once you’ve downloaded the file (it will be called something like arduino-ide_xxxx.exe), double-click it to start the installation process.


	You’ll be shown the License Agreement. Take a moment to read through this, and if you agree to the terms, click “I Agree”.


[image: _images/sp_002.png]





	Next, you’ll be asked to choose installation options. Leave these as they are and click “Next”.


[image: _images/sp_003.png]





	Choose where you want to install the software. It’s generally best to install it on a different drive than the one your system uses.


[image: _images/sp_004.png]





	Click “Install” to start the installation. Once it’s done, click “Finish”.
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For macOS users:


Double-click the downloaded file (which will be called something like arduino_ide_xxxx.dmg). Follow the on-screen instructions to drag the Arduino IDE app into the Applications folder. After a few seconds, the Arduino IDE will be successfully installed.

[image: _images/macos_install_ide.png]



For Linux users:


You can find a detailed tutorial on installing the Arduino IDE 2.0 on a Linux system here: Install Arduino IDE on Linux.




Step 4: Discovering the Arduino Playground (IDE)

Let’s imagine together that the Arduino IDE is a magical playground filled with tools and gadgets waiting for us to explore and play with. Up next, I will guide you to understand every corner of this playground.

[image: _images/ide-2-overview.png]
Here’s what you’ll find in your playground:


	Verify / Upload - Imagine this as your magic elevator. It takes the code you’ve written and whisks it up into your Arduino board.


	Select Board & Port - This is your treasure map. It automatically shows the Arduino boards you’ve plugged into your computer, and tells you their port number.


	Sketchbook - This is your personal library. It’s where all your sketches (programs) are stored on your computer. Plus, it can connect to the Arduino Cloud, so you can fetch your sketches from the online world too.


	Boards Manager - Think of this as your toolkit. It’s where you can find and install different packages for your Arduino.


	Library Manager - This is your endless treasure chest. Thousands of libraries made by Arduino and its community are waiting for you here. Need a tool or material for your code? Dive in and find it!


	Debugger - Imagine you had a superpower that let you test and debug your code in real time, finding and fixing problems as they happen. That’s what this is!


	Search - Think of this as your magnifying glass. It helps you search for keywords in your code.


	Open Serial Monitor - This is like your communicator device. It opens a new tab that lets your computer and Arduino board send messages back and forth.




Now that we’ve gotten a glimpse of the playground, it’s time to dive in and start creating!

Step 5: Upload Your First Sketch

Alright, it’s time to have some fun! We’re going to make an LED blink - it’s like saying “Hello, World!” in the world of Arduino.

Most Arduino boards have a built-in LED on pin 13, which makes this a good first experiment.

[image: _images/1_led.jpg]
Let’s break it down:


	Plug it in: Connect your SunFounder R3 Board to your computer using a USB cable. This is how we’re going to give our board power and send our program (also called a “sketch”) to it. You might feel like you’re just plugging in a computer gadget, but believe me, you’re connecting to a world of possibilities!


[image: _images/connect_board_pc.gif]





	Find the example sketch: On the Arduino IDE, go to File -> Examples -> Basic -> Blink. What you see that pops up is a ready-to-use program that we’re going to modify. It’s like getting a ready-made cake that we’re about to decorate!


[image: _images/open_blink.png]





	Understand the sketch: Look at the code in this new window. It tells Arduino to turn on the built-in LED (which is on pin 13) for one second, then turn it off for one second, and then repeat. It’s like sending Morse code, but with light!


[image: _images/led_blink.png]





	Upload the sketch: Once you’ve selected the correct board and port, just click the upload button. It’s as easy as sending a letter; you’re delivering your instructions to the Arduino board! Most of the time, the system will automatically detect the board and port for you.


[image: _images/upload_blink.gif]





	Watch it work: If all goes well, you’ll see the LED on your Arduino board start to blink on and off. It’s like your Arduino is winking at you!


[image: _images/blink_led.gif]







You’ve done a great job! You’ve just run your first Arduino program, making you a bona fide programmer! So what’s next? We’re just scratching the surface of what Arduino can do. Ready for the next challenge?

Step 6: Some Fun Arduino Programming Facts

Time to uncover some cool secrets about Arduino programming!


	Code Magic: setup() and loop()


An Arduino sketch, or a piece of code, is like a two-act play:


	setup(): This is Act 1, the opening scene. It only happens once, when your Arduino board first wakes up. It’s used to set the stage by preparing things like pin modes and libraries.


	loop(): After Act 1, we move onto Act 2 which repeats on a loop until the final curtain (which only happens if we turn off the power or hit the reset button!). This part of the code is like the main part of our play, where the action really happens.




But remember, even if there’s no magic (code) in the setup() or loop(), we still need to keep them. They’re like the stage - even an empty stage is still a stage.

void setup() {
    // initialize digital pin LED_BUILTIN as an output.
    pinMode(LED_BUILTIN, OUTPUT);

    digitalWrite(LED_BUILTIN, HIGH);  // turn the LED on (HIGH is the voltage level)
    delay(1000);                      // wait for a second
    digitalWrite(LED_BUILTIN, LOW);   // turn the LED off by making the voltage LOW
    delay(1000);                      // wait for a second
}

// the loop function runs over and over again forever
void loop() {

}










	Punctuation Marks in Coding


Just like in a storybook, Arduino uses special punctuation marks to make sense of the code:


	Semicolons (;): These are like the full stops in a story. They tell the Arduino “Okay, I’m done with this action. What’s next?”


	Curly Braces {}: These are like the beginning and the end of a chapter. They wrap up pieces of code together, marking where a section starts and ends.




If you happen to forget some of these punctuation marks, don’t worry! The Arduino is like a friendly teacher who will check your work, point out where the mistakes are, and show you how to fix them. It’s all part of the learning adventure!

[image: _images/blink_error.gif]





	About the Functions


Imagine these functions as magical spells. Each spell has a specific effect in our Arduino adventure:


	pinMode(): This spell decides whether a pin is an INPUT or an OUTPUT. It’s like deciding if a character in our story speaks (OUTPUT) or listens (INPUT).


	digitalWrite(): This spell can turn a pin HIGH (on) or LOW (off), like switching a magic light on and off.


	delay(): This spell makes the Arduino pause for a certain amount of time, like taking a short nap in the middle of our story.




Just like a spell book, you can find all these spells and many more in the Arduino official website. The more spells you know, the more exciting your Arduino adventures can be!






	Comments: Our Secret Messages


We also have a secret language in coding, called comments. These are messages that we can write in our code using // or /* */. The magic part? The Arduino completely ignores them! It’s a great place to leave notes for yourself or others to explain what the tricky parts of the code are doing.






	Code Readability: Making Code Friendly


While you can write your code in any manner you want (for example, placing semicolons on a separate line won’t cause any errors), it’s important to keep in mind the readability of the code.

[image: _images/blink_noerror.gif]
Just like writing a good story, the way we write code can make it either fun and easy or boring and difficult to read. Here are some ways to make your code more friendly:


	Use proper indentation to arrange your sentences into neat paragraphs. It helps the reader understand where one section ends and another begins.


	Use variable names that make sense. It’s like calling a character by a fitting name in a story.


	Keep your functions small and simple, like short and sweet chapters in a book.


	Leave comments for the tricky parts. It’s like leaving a footnote to explain a difficult word.











Remember, we’re not only coding for machines but also for humans, so let’s make sure our code tells a clear and understandable story!

Step 7: Reflect and Improve

Taking a moment to reflect on our journey can provide us with insights that we might miss in the flurry of exploration. Ask yourself:


	What was the most interesting part of this Arduino adventure?


	Were there any challenges along the way? How did you overcome them?


	Could you explain to a friend what Arduino is, what the Arduino IDE does, or how to run Arduino code?


	How would you describe your first Arduino programming experience?


	What more do you want to learn about Arduino?




By thinking about these questions, you are deepening your understanding and preparing yourself for future explorations. Always remember, there’s no “wrong” answer in reflection – it’s your personal journey after all!
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Lesson 4: Mastering the TT Motor

In the previous lessons, we explored Mars rovers, their suspension systems, and delved into knowledge about Arduino.

In this exciting course, we’ll explore the workings of motors, a key component that drives Mars rovers.
We’ll understand the principles that power these motors and learn to control them using SunFounder R3 board and a GalaxyRVR Shield.

By the end of this course, you’ll have a solid understanding of motor operation and hands-on experience in motor control.

Let’s dive in!
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Lesson 5: Unleashing Mars Rover Mobility

Get ready, young explorers! We’ve mastered controlling motors, now we’re taking those skills to the red planet. In this lesson, we’re bringing the Mars Rover to life!

We’ll learn how to assemble the motors into the Rocker-Bogie suspension system system and then, using our coding skills, we’ll guide our Rover across imagined Martian landscapes.

It’s a Martian adventure in our classroom. Let’s get started!
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Lesson 6: Exploring the Obstacle Avoidance Module

We’re diving into the world of the Infrared Obstacle Avoidance Module. Tucked at the sides of our Mars Rover, these sensors act as the rover’s “eyes,” helping it dodge side obstacles and safely navigate the Martian landscape.

We’ll learn how to integrate these modules with our rover, unravel the magic behind their functioning, and develop code to make our rover smartly sidestep any hurdles it comes across.

Get ready to gear up our rover with some Martian obstacle-dodging intelligence! Let’s get rolling!


  
    
    

    Lesson 7: Enhancing Rover Navigation with Ultrasonic Module
    

    

    
 
  

    
      
          
            
  
Lesson 7: Enhancing Rover Navigation with Ultrasonic Module

In our last adventure, we equipped our Mars Rover with “eyes” on its sides, creating a basic obstacle avoidance system. Yet, there’s a blind spot right in front – a challenge we’re ready to overcome!

Today, in this lesson, we’re going to give our Rover a new sense of “sight.” We’ll install an ultrasonic sensor module, acting as a pair of central eyes, which will help our rover detect obstacles directly ahead.

We will delve into the fascinating mechanics of ultrasonic waves and explore how they enhance our Rover’s ability to navigate complex terrains. With this addition, our Mars Rover will be more perceptive and agile, ready to embark on more ambitious exploratory missions.

Join us as we take a step further into this exciting STEAM journey, making our Mars Rover even more adept at exploring the uncharted territories!
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Lesson 8 Advanced Obstacle Avoidance and Intelligent Following System

In today’s lesson, we’re going to push our STEAM skills a step further. We’ll combine an obstacle avoidance module
with an ultrasonic sensor to create an advanced obstacle avoidance system.
We’ll also implement an intelligent following system to our Rover.

By the end of this lesson, our Mars Rover will not only be able to avoid obstacles in its path
but also follow moving objects. Imagine having a mini robotic pet following you around!
Exciting, isn’t it? So let’s get started.
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Lesson 9: Lighting the Way with RGB LED Strips

In our journey so far, we’ve transformed our Mars Rover into a smart explorer, capable of skilfully manoeuvring around obstacles. It’s become quite adept at navigating the Mars-like terrains we’ve set up for it.

But, what if we could add a bit of flair to its practicality? Let’s give our Rover the ability to express itself through a spectacle of colors and light. We’re talking about incorporating RGB LED strips - a cool feature that would allow our Rover to illuminate its path, even in the darkest conditions.

Picture this - the Rover leaves a trail of color-coded signals, making it easier for us to understand its moves. A green glow when it’s on the go, a stern red when it halts, or a flashy yellow during those swift turns. It could even light up in an array of colors just for the sheer fun of it!

Our goal in this lesson is to understand the principles of RGB LED strips, learn to control their color and brightness, and then synchronize this with the Rover’s movements. By the end, our Mars Rover will be more than a machine. It’ll be a luminous, color-changing entity, leading the way in the vast Martian landscape!
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Lesson 10: Exploring the Mars Rover Visual System - Servo and Tilt Mechanism

Welcome back, young explorers! In today’s adventure, we are going to delve into the fascinating world of the Mars Rover’s visual system.
Just like our eyes and neck work together to help us see and navigate our surroundings, our Rover too needs a similar system to
navigate the treacherous Martian landscape. And that’s exactly what we are going to build today!

The visual system of our Rover has two main parts: a camera that acts as its “eyes”, and a tilt mechanism that acts like a “neck”,
allowing it to look up and down. By the end of this lesson, we’ll give our Rover the ability to “see” and “nod”!

First, we’ll build the tilt mechanism - a device that will hold our Rover’s camera and let it rotate vertically.
It’s like giving our Rover a neck, so it can nod its “head” or camera up and down!

Next, we’ll learn about the servo, the tiny yet powerful “muscle” that moves our tilt mechanism.
We’ll understand how it works and how we can control it using Arduino programming.

Just as our neck muscles move our head so our eyes can get a better view, the servo will move the tilt mechanism so the Rover’s
camera can better survey the Martian landscape.

So, buckle up, explorers, let’s start our mission to equip our Rover with its very own visual system!
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Lesson 11: Exploring the Mars Rover Visual System - Camera and Real-time Control

Welcome back, young explorers! In the last lesson, we equipped our Mars Rover with the ability to “nod” using a tilt mechanism. Now, it’s time to give our Rover “eyes” - the camera!

In this thrilling journey, we’ll dive into the setup of the Rover’s camera system. You’ll learn how to relay the visuals captured by the Rover’s camera to a web page, so you can see exactly what the Rover sees, in real time. Imagine the excitement of experiencing the Martian landscape from the Rover’s perspective!

The excitement continues as we also introduce the SunFounder Controller app. This application allows us to get a live feed of the Rover’s view as it navigates around, and we can control the tilt mechanism directly from our smartphones or tablets. It’s like having a remote control with a built-in screen!

This offers an even more interactive and engaging experience with our Rover. Stay tuned for more adventures!


[image: _images/camera_view_app.png]




Learning Goals


	Understand how to establish a WiFi connection with the ESP32 CAM.


	Learn how to see exactly what the Rover sees, in real time.


	Learn how to use the SunFounder Controller app to create a virtual remote and control the Mars Rover.






Materials needed


	Mars Rover model (equipped with all components)


	Arduino IDE


	Computer


	Tablet or smartphone with SunFounder Controller app installed






Course Steps

Step 1: Introduction to ESP32 CAM

In our previous adventure, we have equipped our Mars Rover with a pair of “eyes” by integrating the ESP32 CAM. Today, we’re going to learn more about it and actually make it “see”.

[image: _images/esp32_cam1.png]
The ESP32 CAM, acting like the eyes of our Rover, is a small yet powerful module. Not only does it integrate Wi-Fi and Bluetooth functionalities, it also comes with a compact camera. This camera helps our Rover capture images of its surroundings.

Just like we use our eyes to observe our environment, the ESP32 CAM can “see” what lies ahead for the Rover, then send these visual data to our smartphone or computer. This allows us to see everything the Rover sees in real-time!

It’s as if we’re piloting the Rover directly, observing not just the Rover itself, but also the world it explores! Incredible, isn’t it? So, let’s dive deeper into it…

Step 2: Programming the Rover’s Camera and Viewing the Feed

After fitting the ESP32-CAM to our Rover, we now need to breathe life into it.
To do so, we will use the Arduino IDE to write a program that will control the camera, allow it to connect to WiFi,
and stream the visuals it captures.

Here’s how we can do it:


	Install the SunFounder AI Camera library.



	Open the Arduino IDE’s Library Manager, search for “SunFounder Camera”, and click INSTALL.


[image: _images/camera_install_lib.png]





	A pop-up window will appear for the installation of library dependencies. Click INSTALL ALL and wait for the process to complete.


[image: _images/camera_install_lib1.png]












	In the Arduino IDE, input the following code.


Regarding the variables NAME, TYPE, and PORT in the code, let’s not delve into them at this point. They will come into play in our next step. Just keep in mind that these variables will be important in our upcoming journey to establish a real-time video feed from our Mars Rover.
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Lesson 12: Driving the Rover with the App

In our last adventure, we mastered the art of using the SunFounder Controller to not only explore the world through the rover’s eyes but also to adjust its gaze by controlling the tilt mechanism. It was like giving our Mars rover a sense of sight!

Now, imagine if you could steer this Martian explorer as well, directing its path at your whim. In this lesson, that’s exactly what we’re going to do! We’re going to take our understanding of the SunFounder Controller to the next level and learn to maneuver our rover, giving us the thrilling experience of being a Mars rover driver!

With our vivid and lively STEAM course, children will not just learn; they’ll experience the excitement and wonder of space exploration! Strap in and get ready for an exciting journey!

