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introduction



This book is about learning how to write programs for LEGO MINDSTORMS EV3 robots. The EV3 software is a powerful tool, and this book will teach you how to get the most out of it as you acquire the programming skills necessary to create your own programs.
who this book is for



This book is for anyone who wants to learn how to create programs to control their EV3 robot, whether you’re a young robotics enthusiast; an adult teaching children about robotics; a parent; a FIRST LEGO League coach; or a teacher using the EV3 in a classroom. One of my goals in writing this book was to make the material accessible to young learners while going into enough depth to help students and teachers understand the hows and whys of EV3 programming.

prerequisites



This book can be used with either the Home or Education Edition, and you’ll use a single general purpose robot for testing your programs. There are only a few relevant differences between the programs for each edition, and I point them out as appropriate. Almost all the material presented here applies to either edition.
No previous programming experience is required. The EV3 software is powerful but easy to use, and makes a great introductory tool for first-time programmers.

what to expect from this book



This book focuses on programming EV3 robots rather than on the mechanical aspects of building them. All of the programs in this book are designed to work with one general-purpose robot or with just the EV3 Intelligent Brick. You’ll learn how to work with the core parts of the EV3 software, such as blocks, data wires, files, and variables, and how these pieces work together. You’ll also learn some good programming practices, bad habits to avoid, and debugging strategies that will help you have fun while programming and keep your frustration level low.
In this book you’ll find step-by-step instructions and explanations for many EV3 programs, including small examples designed to help you understand exactly how EV3 programs work, as well as complete, sophisticated programs designed to perform complex behavior. Along the way, you’ll also see programming challenges, which will prompt you to explore EV3 programming on your own to practice the concepts you’ve learned.
The book begins with an introduction to the EV3 set and the software you’ll be using to create your programs. This is followed by the building instructions for the test robot. The next few chapters cover the basics of the EV3 software, culminating in a maze-solving program in Chapter 7. That’s followed by several chapters covering the more advanced language features, and the book finishes up with a sophisticated line-following program using a PID controller. Here’s an overview of what you’ll learn in each chapter.
Chapter 1: LEGO and robots: a great combination
	The first chapter provides a brief introduction to the LEGO MINDSTORMS EV3 software. It also presents some important differences between the Home and Education Editions, and how they impact this book.



Chapter 2
	This chapter gives a tour through the features of the EV3 software. Two simple programs demonstrate how to create programs and run them on the EV3. This chapter also covers the basics on changing block parameters, adding comments, and using Port View.



Chapter 3: TriBot: the test robot
	In this chapter you’ll build TriBot, the test robot. You’ll use this general-purpose robot to test the programs throughout the rest of the book.



Chapter 4
	This chapter is about the EV3 motors and the blocks that control them. You’ll build several programs designed to show how these blocks are typically used and to point out some common pitfalls.



Chapter 5: sensors
	This chapter covers the EV3 sensors: the Touch, Color, Ultrasonic, Infrared, Gyro and Rotation Sensors. You’ll build an example program for each sensor and learn how to use Port View to monitor a sensor’s value while developing or running a program.



Chapter 6
	This chapter focuses on the Switch block (which lets a program make decisions) and the Loop block (which makes a program repeat certain actions). You’ll use these program flow blocks to create a simple line-following program.



Chapter 7
	With all the basic features of EV3 programming covered, at this point you’ll be ready to start tackling more complex problems. In this chapter you’ll learn how to design, create, and debug a large wall-following program to make your robot solve a maze.



Chapter 8
	Data wires are one of the most powerful features in EV3 programming. This chapter explains what data wires are and how to use them effectively. Example programs show how to use data wires to get information from a sensor and how to use a sensor to control a motor.



Chapter 9
	This chapter covers the advanced features of a Switch block that are available when using data wires. You’ll also learn how to use data wires to move data into and out of a Switch block.



Chapter 10
	In this chapter you’ll learn how to use data wires with a Loop block. You’ll build a program that makes the robot search in a rectangular spiral pattern using new techniques which involve loop counters and controlling the loop exit condition.



Chapter 11
	This chapter covers the Variable and Constant blocks. You’ll learn how to add and manage variables to store and update values.



Chapter 12
	A My Block is a new block created by grouping other blocks together. In this chapter you’ll learn how create My Blocks, use them in your programs, and share My Blocks between projects.



Chapter 13
	This chapter covers the blocks that deal with math and logic: the Math, Logic, Range, Round and Random blocks. You’ll learn advanced uses of these blocks as you enhance some programs developed in previous chapters.



Chapter 14
	In this chapter you’ll learn how to use the Brick Button block to control a program and how to use the Brick Status Light block to control the colored lights on the EV3 brick. You’ll also learn how to use the Display block, which you’ll use to design a simple drawing program.



Chapter 15
	This chapter covers arrays and how to use them in EV3 programming. You’ll develop a program that lets you give the TriBot a list of commands to execute.



Chapter 16
	This chapter covers how to use files to store information on the EV3 brick, how to manage the EV3’s memory, and how to transfer files between the EV3 and a computer. You’ll create a program that uses a file to save and restore program settings.



Chapter 17
	The programs in this chapter show how to use the EV3 as a data logger. I’ll cover the basics of collecting and analyzing data, and you’ll use data logging to gain a deeper understanding of how the Move Steering block works.



Chapter 18: multitasking
	The EV3 can multitask by executing multiple groups of blocks in parallel. You’ll learn how to use multiple sequences effectively and how to avoid some common problems.



Chapter 19
	The final chapter uses advanced EV3 programming features to create a complex line-following program. You’ll learn how to use a proportional-integral-derivative (PID) controller to create a fast and accurate line-following machine.



Appendix A
	This appendix discusses how to use the older NXT MIND-STORMS product with the new EV3 set.



Appendix B
	This appendix is a list of websites that provide information about EV3 programming.




how best to use this book



To get the most out of this book, you should work through the step-by-step instructions for building the example programs on your computer as you are reading. Programming is a learn-by-doing activity, and you’ll learn a lot more by writing and experimenting with the programs than you will by just reading about them.
The programs and accompanying discussions will make the most sense if you read the chapters in order. Several of the example programs are introduced in the early chapters and then expanded in the later chapters as you learn more about the EV3 programming. By the time you get to the end of the book, you’ll have the knowledge and skills you need to be an expert EV3 programmer.

Chapter 1. LEGO and robots: a great combination



Welcome to the world of robotics. Not long ago, the only place you could find a robot was in a good science fiction story. Today robots are very real and perform a wide variety of important jobs, like exploring other planets, investigating deep-sea volcanoes, assembling automobiles, and performing surgery. Figure 1-1 shows the Mars Exploration Rover Curiosity. You can even buy a robot at the hardware store to sweep your floors while you sleep!
[image: Mars Exploration Rover (courtesy NASA/JPL-Caltech)]

Figure 1-1. Mars Exploration Rover (courtesy NASA/JPL-Caltech)

LEGO MINDSTORMS EV3



With the LEGO MINDSTORMS EV3 set, you can build your own robot. In fact, you can build lots of robots. Figure 1-2 shows a simple robot you could build to explore your living room.
[image: Living Room Rover]

Figure 1-2. Living Room Rover

The EV3 set is a lot of fun to play with, but it’s more than just a toy. Teachers in middle and high schools use the sets to teach science and engineering. The LEGO Group even has an education division, LEGO Education, which provides resources for teachers who use LEGO products in the classroom.
In educational competitions, such as the FIRST LEGO League (FLL), the World Robot Olympiad, and RoboCup Junior, students from all over the world use MINDSTORMS sets to build robots to solve a given challenge.
The EV3 set comes in two editions: Home and Education. The Home Edition, LEGO set #31313, is sold in stores and is targeted at the general public. The Education Edition, LEGO set #45544, is sold through LEGO Education distributors to schools, educators, and FLL teams. Each edition has a slightly different mix of LEGO pieces and sensors. The Education Edition of the software also has some additional features for using the EV3 for science experiments. For the purposes of this book, the difference in building pieces isn’t an issue; you can build the robot with either the Home or Education set. Robots built from the two sets won’t be exactly the same (for example, tires are different sizes), but these differences won’t matter too much.
The EV3 set is the third generation of LEGO MINDSTORMS. Many of the parts from the previous generation, the NXT, can be used with the EV3. See Appendix A for details.

the LEGO MINDSTORMS EV3 set



Your EV3 set includes the EV3 Intelligent Brick, three motors, several sensors, instructions for downloading the MINDSTORMS EV3 software, and LEGO pieces for building your robot. As discussed in the previous section, the exact mix of parts and sensors included depends on your version of the set.
The building pieces include gears, axles, pins, and beams from the LEGO TECHNIC line, as shown in Figure 1-3. These pieces are both strong and lightweight, and you can connect them to create sophisticated moving parts, which makes them ideal for creating robots. You can also easily add your own parts from other TECHNIC, BIONICLE, or even traditional LEGO sets to enhance your robotic creations.
[image: Beams and pins]

Figure 1-3. Beams and pins

The EV3 Intelligent Brick (often abbreviated as just “the EV3” or “the Brick”) is the brains of your robot. The EV3 is really a small computer that you program to make your creations move. Instead of a full-size monitor and keyboard, it contains a small screen, a set of buttons, and connections for the motors and sensors. You can program the EV3 directly using the “on-brick programming,” or create a program using the EV3 software for Windows or OS X and then download it to the EV3. When you run the program, the EV3 collects data from the sensors and moves the motors according to the instructions you provided in the program.
Using the EV3 motors, you can turn an ordinary LEGO model into a moving robot. The two large motors make it easy to build mobile robots using either wheels or treads. You can also use these motors or the smaller third motor to create robotic hands, cranes, catapults, and other contraptions. Many robots use two of the motors to move and the third for another function, but some robots use all three motors for other tasks and don’t move around at all.
The EV3 sensors allow your robot to react to its environment according to your commands. The EV3 sensors include the Ultrasonic, Infrared, Touch, Color, Gyro, and Rotation Sensors. A Rotation Sensor is built into every EV3 motor; the other sensors are separate. The sensor functions are described here:
	Ultrasonic Sensor. Measures the distance to an object or obstacle. It can also detect the presence of another Ultrasonic Sensor.

	Infrared Sensor. Measures the distance to an object or obstacle. It can also measure the distance and direction to the Infrared Remote, and detect buttons pressed on the remote.

	Touch Sensor. Detects when the button on the front of the sensor is pressed. It can tell when the robot runs into something and whether an object is touching the robot.

	Color Sensor. Determines the color of objects. This sensor can also measure the brightness of light shining into the front of the sensor. The sensor has a small light on the front, which allows it to measure both reflected and ambient light.

	Gyro Sensor. Measures rotational motion. It can measure the rate of rotation and the angle at which your robot moves.

	Rotation Sensor. Measures the distance a motor moves. Each EV3 motor contains a built-in Rotation Sensor.



The Home version includes a Touch Sensor, a Color Sensor, and an Infrared Sensor and Remote. The Education version includes two Touch Sensors, a Color Sensor, an Ultrasonic Sensor, and a Gyro Sensor. This means you will have either an Ultrasonic or an Infrared Sensor, both of which can be used for measuring the robot’s distance from an object. Most of the example programs in this book will use the Ultrasonic and Infrared Sensors interchangeably.
The LEGO Group also makes a Temperature Sensor (sold separately), and other companies make additional sensors for the EV3 sets. For example, products from HiTechnic, Vernier, Dexter Industries, and Mindsensors include a Compass Sensor, Acceleration Sensor, and Barometric Sensor.

the LEGO MINDSTORMS EV3 software



The EV3 software is a graphical programming environment that contains all the tools you need to create a program for an EV3 robot. This type of application is often called an integrated development environment (or IDE for short). The EV3 IDE is considered a graphical programming environment because you use colored icons called blocks to create a program. There are blocks for controlling the motors, using the sensors, and doing many other things. You create a program by dragging blocks around the screen, connecting them, and changing their settings.
The EV3 software features a remarkable balance between ease of use and programming power. It’s easy to write simple programs yet still possible to create very complex ones. Some advanced features may be difficult to understand at first, but they will become clear with a little practice.

software, firmware, and hardware



Your program is one of three components that work together to control your robot. The program you create is called software, which is a set of instructions that a computer can perform. In this case, the computer is the EV3 Intelligent Brick. The soft part of the word software comes from the ability to make changes easily. This malleability allows you create an endless variety of programs using only the EV3, three motors, and a few sensors.
Arranging blocks on a virtual canvas is a convenient way for humans to create programs, but to run your program, the EV3 needs something a little different. Your program is called the source or source code, and it needs to be translated into a set of instructions that the EV3 can execute. Then these instructions need to be copied from your computer to the Brick. After your program is translated and downloaded, you can run it.
The program that runs directly on the Brick is firmware, which is a program that rarely changes and is effectively part of the device. The EV3 firmware functions in the same way as a computer or smartphone operating system such as Windows, iOS, Linux, or Android. The firmware is the program that makes the sound when you turn on the Brick, controls the display, and responds to the buttons on the EV3. When you connect the EV3 to your computer, the MINDSTORMS environment communicates with the EV3’s firmware.
Note
LEGO occasionally releases updates of the EV3 firmware to add new features or fix problems. If your computer is connected to the Internet, the MINDSTORMS application will check for updates and prompt you to download them when necessary.

The EV3 Brick is the hardware on which your program runs. Hardware refers to the physical components of a computer. This includes the Brick, motors, sensors, and LEGO building pieces. The hardware does not change; you can rearrange them, and even use them in different ways, but the capabilities of each piece do not change.

art and engineering



For me, the most fascinating part of creating a robot is writing the program to make it come alive. Computer programming is a combination of art and engineering. We use principles of engineering when we follow a set of logical steps to solve a practical problem. As you move through this book—and especially with the longer programs toward the end—you’ll learn engineering principles and programming practices to help you write better programs (and avoid some common bad habits). However, the basic process of writing a program to solve a particular problem is often more art than engineering. Creating a program isn’t always a step-by-step process, and it usually involves a lot of creativity and ingenuity. In my opinion, this use of creative thinking is what makes programming so much fun.
But programming can also be frustrating when things don’t work quite the way you want. When a software program breaks, figuring out why can be a bit of a mystery. Throughout this book, I will show you how to diagnose and fix problems with your program. Just remember, solving a mystery should be fun!

qualities of a good program



Many of the decisions you make when creating your programs will depend on your individual taste, and you will develop your own programming style. There is almost always more than one correct way to solve a problem. However, there are three rules you can use to judge the quality of a program. A program should do the following:
	Perform the desired function

	Be easy to modify

	Be understandable by someone who knows the programming language used to create the program



The first rule seems pretty obvious, but there’s more to it. Before you can be sure a program works, you first need to know the program’s requirements—the complete description of what a program should do. If you are creating a program for a school project or an FLL challenge, you might receive the requirements before starting. If you’re just building a robot for fun, you can make up the requirements as you go along. In either case, you need to know what your robot is being built to do before you can judge whether it’s a success.
The second rule exists because requirements often change after you start a program. You might find that you can’t solve a problem the way you first thought, or you might decide to expand the requirements to solve a harder problem. It’s better if you can easily change your program to adapt to the new requirements. A program that’s easier to modify is also more likely to be reused to solve similar problems. Reusing existing programs instead of starting new programs from scratch can save a lot of time.
The third rule is about keeping your program as simple and easy to understand as possible. Programs that are more complex than necessary tend to have more errors and are harder to reuse. If you want to make your program easier to understand, you can use comments to explain how the program works. Well-placed comments are a simple way to make a program useful to other programmers.

what you’ll learn from this book



The secret to becoming a successful programmer is knowledge and practice. Throughout this book, I will concentrate on three areas of knowledge that are important to becoming a successful EV3 programmer:
	The behavior of each block. Learning how each block works is the first step to using it in a program. Although there are many blocks, each of which has several options, learning about each block is not difficult. The EV3 help file gives a comprehensive description of each block, and it’s pretty easy (and fun) to write little test programs that let you discover exactly what each block can do.

	Joining several blocks together into a working program. To do this, you need to learn about program flow, data wires, and variables. This is where things get a little more complicated. Learning some details about how an EV3 program works can help you avoid the confusion that many users experience when they move beyond simple programs.

	General programming practices. The three rules listed earlier are the first examples. As we go along, I’ll introduce more concepts that are useful regardless of the programming language you’re using or the type of program you’re writing.



Programming is one of those learn-by-doing activities, and this is where practice comes in. Many of the concepts you need to understand will only make sense when you see them in action. The more programs you write, the more comfortable you will become.

the LEGO MINDSTORMS online community



LEGO robotics has a thriving online community, including websites that show hundreds of innovative robot designs. One site in particular, mindBOARDS (http://www.mindboards.net/), is well known for its message forums where users can exchange ideas and find answers to questions. These are great resources when you can’t figure out why your robot isn’t working the way you think it should. A quick search of the forums often provides the answer you’re looking for. If you don’t find a solution already posted, you can ask a question describing your particular problem. See Appendix B for a list of useful MINDSTORMS-related websites.

what’s next?



In the next chapter, I’ll introduce the EV3 programming environment and then present some simple programming concepts and easy example programs that show how to use the software. The following chapters gradually introduce more blocks and programming concepts using increasingly complex programs.
You can download the source code for all the programs in this book from http://www.nostarch.com/ev3programming.htm.

Chapter 2. the EV3 programming environment



This chapter explores the EV3 programming environment and presents a few simple programs. We’ll start with the basics by looking at sample programs that use the EV3 Intelligent Brick without any motors or sensors. Chapter 4 covers programming motors, and Chapter 5 explains how to use sensors.
a tour through the MINDSTORMS software



When you start the MINDSTORMS EV3 software, the Lobby appears. The Home and Education Editions have different Lobby screens, but they function in the same way. In the Lobby, you can create or open a project, access the user guide and help file, and read instructions for building example robots. The Lobby for the Home Edition is shown in Figure 2-1, and Figure 2-2 shows the Lobby for the Education Edition.
Before writing our first program, let’s take a look at the main areas of the MINDSTORMS EV3 environment. Select File▸New Project (File▸New Project▸Program for the Education Edition) to create a new project. A screen like the one shown in Figure 2-3 appears.
Note
The images in this book are taken from the EV3 Home Edition running on Windows 7.

[image: The Lobby screen for the EV3 Home Edition software]

Figure 2-1. The Lobby screen for the EV3 Home Edition software

[image: The Lobby screen for the EV3 Education Edition software]

Figure 2-2. The Lobby screen for the EV3 Education Edition software

[image: The MINDSTORMS EV3 environment]

Figure 2-3. The MINDSTORMS EV3 environment

A: the programming canvas



The main part of the screen is the Programming Canvas, which is where you build your program. You can use the tabs at the top of the window to navigate among open projects. Figure 2-3 shows one open project, named Project. The tab to the left of the Project tab, which has a small MINDSTORMS icon, takes you back to the Lobby screen.
A project can contain multiple programs. Below the project tab is another group of tabs that you can use to select a program. Figure 2-3 shows one open program, named Program. We’ll talk about how to rename programs and projects later in this chapter. The tab with the small wrench icon opens the Project Properties page, which is also described later.

B: the content editor



The Content Editor allows you to document your project by creating a presentation that includes text, images, and videos. You could include a description of how the program works, instructions for building the robot, or a video showing the robot in action. The presentation is saved with the project, so you don’t need to keep track of a separate file.
When you are not using the Content Editor, you can close it by clicking the small tab with the MINDSTORMS icon in the top right corner. This will give you more space on the Programming Canvas to build your program.

C: the programming palettes



The Programming Palettes appear at the bottom of the Programming Canvas. They contain the blocks that you will use to create your programs. To keep things simple, the blocks are organized into six color-coded palettes. You can use the colored tabs to navigate among them. Going from left to right, the six groups of blocks are Action (green), Flow Control (orange), Sensor (yellow), Data Operations (red), Advanced (blue), and My Blocks (cyan).

D: the hardware page



The Hardware page displays information about the EV3 Brick. This information is divided into three sections, which you can select using the tabs on the left side (shown in Figure 2-4). The top tab, Brick Information, shows the battery level, firmware version, and how much EV3 memory you’ve used. The middle tab, Port View, shows which sensors and motors are attached to the Brick. The bottom tab, Available Bricks, connects your brick to the EV3 software.

E: the download and run buttons



The Download and Run buttons (shown in Figure 2-5) let you transfer the program from your computer to the EV3 Brick and run it. The process of transferring the program to your brick is called downloading. The middle button, Download and Run, will download and run your program immediately. The top button, Download, will download your program to the Brick but not run it. You can then start your program using the buttons on the Brick itself. This is useful if you need to move or unplug your robot before running the program. The bottom button, Run Selected, will download and run only the blocks you have selected, which can be helpful for finding and fixing problems in your program.
[image: The Hardware page tabs]

Figure 2-4. The Hardware page tabs

[image: The Download and Run buttons]

Figure 2-5. The Download and Run buttons



writing an EV3 program



When you create a new project, the Programming Canvas will already contain a Start block (shown in Figure 2-6). Create your program by dragging blocks from the Programming Palettes onto the Programming Canvas and connecting them in a line, beginning with the Start block. Each block has a number of different options, and its behavior will depend on how you configure them. When you run the program, the EV3 executes each block in the arranged order, from left to right. Usually, the blocks run one at a time—meaning that each block must finish its operation before the next block starts—but as you’ll see, there are some exceptions to this, where multiple blocks can run simultaneously. The program ends after executing the last block.
[image: The Start block]

Figure 2-6. The Start block


general layout of a block



Before writing our first program, let’s look at how to set the options for a block, known as parameters. At the bottom of each block, you will see a group of controls that can tell the block how to behave. Each block’s parameters are unique, but there is a consistent look and feel to the configuration options, which is one of the features that make EV3 easy to use.
Let’s take a look at the controls for the Sound block. This is a fairly typical block, so all the ideas discussed here apply to most other blocks. Figure 2-7 shows how the Sound block’s parameters look when you first add the block to a program, before you make any changes.
[image: The Sound block’s parameters]

Figure 2-7. The Sound block’s parameters

The first control, Mode, selects the mode of the block. A block’s mode determines the main function of the block. The four modes of the Sound block allow you to play a sound file, play a note, play a tone, and stop a sound that is already playing. When you select the mode for a block, the remaining options change to match the selected mode. Figure 2-7 shows the Sound block with the Play File mode selected. In this mode, you can set the volume and Play Type, which tells the program how to play the sound—it can be played just once while the program waits for it to complete, played once while the program continues to the next block, or played over and over until the program ends or encounters a Sound block in Stop mode.
Other modes have different options. Figure 2-8 shows the Sound block with the Play Tone mode selected. In this mode, you can set the frequency and duration of the tone to be played.
To change a mode or setting, click the current value. The way in which you enter a new value depends on the option type. For some parameters, you just enter a number. For others, you might use a list or a slider to select a value. In the Play Note mode, you use a small keyboard to select the note for the Sound block, as shown in Figure 2-9.
[image: The Sound block in Play Tone mode]

Figure 2-8. The Sound block in Play Tone mode

[image: Selecting the note for the Sound block]

Figure 2-9. Selecting the note for the Sound block


your first program



For your first program, you’ll use the Sound block to make the EV3 say “Hello.” To begin, start the MINDSTORMS EV3 software and create a new project. You won’t be using the Content Editor, so you can close it to make more space for the Programming Canvas. Follow these steps to add a Sound block to your new program:
	Select the Sound block from the Action Palette, as shown here:
[image: image with no caption]


	Drag the block onto the Programming Canvas. Place the Sound block just to the right of the Start block, which should already be on the canvas.
Your program should look like this:
[image: image with no caption]

If you accidentally grab the wrong block or drop it in the wrong place, select Edit▸ Undo and start again.



You can leave most of the Sound block settings at their defaults. All you need to do is select the sound file you want the block to play. The EV3 software comes with a large selection of sound files, which are arranged in a folder structure similar to the ones on computer hard drives.
	Click the white box in the top right corner of the Sound block. A box containing a list of sound files appears.
[image: image with no caption]


	Click the LEGO Sound Files folder to open it and then select the Communications folder. Scroll down and select the Hello file. The white box at the top right of the Sound block should now contain the word Hello.
[image: image with no caption]




saving your work



Before continuing, name your program and save the project. In this book, I generally use one project for each chapter, named Chapter2, Chapter3, and so on. Each project contains all the programs developed in that chapter. Let’s change the name of this program to Hello and save the project as Chapter2.
To change the name, double-click the program name tab. Type the new name, Hello, over the highlighted text. The tabs should look like this:
[image: image with no caption]

Now save the project by selecting File▸Save Project. When you first save a project, a dialog appears to let you select the location and name for the project file. Type the name Chapter2 and click Save to create the Chapter2.ev3 file. This file contains all the information about your program, including the configuration and arrangement of the blocks you used. The .ev3 file format is unique to the MINDSTORMS environment; you won’t be able to edit it using other programs.
Note
Save your work often. Save before downloading your program and certainly before getting up to answer the phone or walk the dog. Having to redo several hours of work because you neglected to save your program is really annoying!

Making Back-Up Copies
Every now and then when you change your program, instead of making it better, you end up with a horrible mess and can’t get back to what you had before. You might not be able to remember how things were arranged when they did work.
Professional software developers use fancy tools called source code control systems to save versions of their work in order to avoid this problem, but you can get the same benefits by saving copies of working versions of your program as you go along. Use one of these back-up copies if you run into trouble. It’s a good idea to save a copy after getting each new feature working and before making large changes. For example, if you are working on a program with four tasks, you might save it as Task1 after you get the first part working. When working on the second task, you might save it as Task1_Task2. This way, you could always go back a step if necessary.



running your program



After you save your program, it’s time for a test run. The first step is to make sure the EV3 is turned on and connected to your computer with either a USB cable or a Bluetooth or Wi-Fi connection. The USB connection is easier to set up (just plug in the cable between the EV3 and your computer) but requires that you keep your EV3 Brick nearby. A Bluetooth or Wi-Fi connection can be more difficult to set up, but it allows your robot to roam free. The EV3 help file, available from Help ▸ Show EV3 Help, provides instructions for connecting the Brick to your computer.
Click the center Download and Run button to download and run your program. Your EV3 should respond by saying “Hello.”

project properties



An EV3 project can contain multiple programs, and each program can use numerous sound or image files. The Project Properties page gives you an overview of your project and lets you manage all of the resources it uses. Click the small wrench icon to the left of the program name to open the Project Properties page. Figure 2-10 shows the Project Properties for the Chapter 2 project, with a few of the items filled in.
[image: The Project Properties page]

Figure 2-10. The Project Properties page

In the Project Properties page, you can give your project a title and description, and see all of its programs, images, sound files, and My Blocks. Later in this book, I’ll show you how to import and export programs and My Blocks using this window so you can share them between projects.

your second program



Your second program, HelloDisplay, is similar to the Hello program, except that you’ll use the Display block instead of the Sound block to write Hello on the EV3 display. Your first attempt at making this program won’t work, which gives you a chance to see what happens when a program doesn’t run as expected and to learn how to fix it. Use the following steps to create the initial version of the program:
	Select File▸New Program. This adds a new program to the project.

	Change the name of the program to HelloDisplay. The tabs at the top of the Programming Canvas area should look like this:
[image: image with no caption]


	Drag the Display block from the Action palette, as shown here:
[image: image with no caption]


	Place the Display block next to the Start block. Your program should look like this:
[image: image with no caption]




The next step is to set the Display block to print the text “Hello.” The Display block has several options, which are described in Chapter 14. By default, the block is set to display an image, so the first thing you need to do is configure it to display text.
	Click the folder at the bottom left corner of the block. Then select Text▸ Grid, as shown here:
[image: image with no caption]




The default display text is “MINDSTORMS,” so the next step is to change this to “Hello.”
	Click the text in the white box in the top right corner of the Display block, and change MINDSTORMS to Hello.
The complete program should now look like Figure 2-11.



[image: The HelloDisplay program]

Figure 2-11. The HelloDisplay program

Now download and run your program. The EV3 should make a noise to let you know it has downloaded a program, but Hello does not appear on the display. What happened?
To put it simply, this program has a bug. A bug is a program error. Debugging is the process of finding and fixing errors. Like all programmers, you’ll spend a lot of your time debugging. In fact, it’s very rare to write a program on the first try without any. Running your program, finding out what’s wrong, and fixing those problems are all normal parts of the programming process. Fixing a bug can be frustrating, but it can also be incredibly rewarding. Think of it as solving a puzzle, and remember that you should always have fun!
One way to fix this program is by adding a Wait block after the Display block. You can use the Wait block to tell the program to pause for five seconds before ending, which will give you enough time to read the display.
The Wait block is on the Flow Control Palette, which you select by clicking the orange tab at the top of the Programming Palettes area. Figure 2-12 shows the Flow Control blocks, with the Wait block circled.
[image: The Wait block on the Program Flow palette]

Figure 2-12. The Wait block on the Program Flow palette

Follow these steps to fix the program:
	Drag a Wait block to the right of the Display block. Your program should look like Figure 2-13.
[image: The program with the Wait block added]

Figure 2-13. The program with the Wait block added


	By default, the Wait block pauses for one second. To have a little more time to read the display, change the value under the small clock face icon from 1 to 5. This causes the program to wait five seconds before ending. Figure 2-14 shows the Wait block with the change.
[image: The Wait block set for five seconds]

Figure 2-14. The Wait block set for five seconds

Now when you download and run the program, the display should show Hello for five seconds before clearing, which is the behavior you want. Adding the Wait block is a successful solution to this bug.



Note
Why didn’t the first program have the same problem? Unlike the Display block, the Sound block enables the Wait for Completion option by default (see Figure 2-15). This makes the program wait until the sound plays before continuing. If you select the Play Once option instead of the Wait for Completion option, the first program fails in the same way that the second one did.

[image: The Sound block’s Wait for Completion option]

Figure 2-15. The Sound block’s Wait for Completion option


comments



Programmers use comments to add descriptive text to their programs; these explain how the program works or why the programmers made certain decisions while they were building it. For example, you could add a comment to the previous program that explains why you added the Wait block.
In the previous chapter, I mentioned that a good program should be easy to modify and understandable to other programmers. Good comments are important in achieving both of these goals. It can be very difficult to figure out how a program works just by looking at the settings for each block. A short description in plain English will make your program much easier to understand. Think of how you might describe your program to a friend. You wouldn’t just list the blocks you use; instead, you’d describe what the program does as a whole, perhaps explaining the more complicated parts in depth. Comments also help you remember why you wrote a program in a particular way, making it easier to reuse your own programs.
Comments do not affect how a program runs; the EV3 will completely ignore them. It only needs to know about the arrangement and configuration of the blocks making up your program.
adding a comment



Try adding a comment to the HelloDisplay program to explain why you added the Wait block. A reasonable comment is Wait 5 seconds before ending the program to give the user time to read the display. To add comments to your program, use the Comment tool ([image: ]) on the Toolbar.
Follow these steps to add the comment:
	Click the Programming Canvas above the Wait block. The new comment will appear here when you select the Comment tool.

	Click the Comment tool on the Toolbar. A small comment box will appear where you clicked in the above step, as shown in Figure 2-16.
[image: A new comment box]

Figure 2-16. A new comment box


	Click the center of the comment box to select the comment.

	Start typing the comment Wait 5 seconds before ending the program to give the user time to read the display. Press the ENTER key to move to the next line when the text gets wider than the block (it’s easier to read if the comment does not extend too far past the block).



Figure 2-17 shows the program with the comment added. Now, anyone who looks at this program will know why the Wait Time block is there.
[image: Explaining the Wait Time block]

Figure 2-17. Explaining the Wait Time block


tips for working with comments



Keep the following tips in mind when writing comments:
	Pressing ENTER while typing a comment makes it continue on the next line.

	Clicking a comment selects the comment.

	When a comment is selected, clicking the text of a comment lets you change the comment.

	You can delete a selected comment by pressing the DELETE key.

	You can resize a comment box using the handles on the edge of the box. The handles appear when you move your mouse over the comment.

	You can move a selected comment by dragging it with your mouse.





context help



Having so many blocks with so many options gives us the power to build a wide variety of robotic creations. However, learning what all these blocks and options do can be a daunting task. The EV3 software has a useful feature to help with this: context help. To access it, select Help▸Show Context Help. A small window appears and displays brief but useful information about any item that you hover over with your cursor. Every topic contains a link to More Information in case you need more details about it. Keeping this little window open is a great way to quickly come up to speed on all the choices you have while creating programs. Figure 2-18 shows the help that is displayed when you select the note for the Sound block in Play Note mode.
[image: Context help for selecting a note]

Figure 2-18. Context help for selecting a note


conclusion



This concludes the introductory tour of the MINDSTORMS environment. Next, you’ll build a simple robot, called the TriBot, to use with the example programs in the following chapters. Then I’ll introduce the multitude of blocks available in the EV3 software and show you how to combine them to make the TriBot perform a variety of tasks.

Chapter 3. TriBot: the test robot



This chapter shows you how to build a simple, three-wheeled TriBot (Figure 3-1) that uses all of the EV3 sensors. You can use the TriBot to run the example programs in the rest of this book and to test your own programs later on. You’ll also build a simple Lift Arm that you’ll use to experiment with the EV3 Medium motor.
TriBot components



You can build the TriBot using either the EV3 Education or Home Edition. For the most part, the images in this chapter show Home Edition components. Let’s review the differences between the two editions before we proceed. The wheels in the Home Edition are smaller than the ones in the Education Edition (see Figure 3-2).
[image: On the left, a Tribot built from the Home Edition; on the right, a Tribot built from the Education Edition]

Figure 3-1. On the left, a Tribot built from the Home Edition; on the right, a Tribot built from the Education Edition

The Home Edition includes an Infrared Sensor and Remote, while the Education Edition includes an Ultrasonic Sensor and a Gyro Sensor. If you’re using the Home Edition, skip the steps involving the Gyro Sensor. If you’re using the Education Edition, substitute the Ultrasonic Sensor for the Infrared Sensor.
The components in each set differ in color. For example, some beams are black in the Home Edition but gray in the Education Edition. Color doesn’t matter (except where indicated in the instructions); just make sure the parts are the correct size and shape. Figure 3-3 and Figure 3-4 show the parts you’ll need when using the Home Edition and the Education Edition, respectively.
[image: Wheels from the Education Edition (left) and the home Edition (right)]

Figure 3-2. Wheels from the Education Edition (left) and the home Edition (right)

[image: Parts required to build the triBot with the EV3 home Edition (#31313)]

Figure 3-3. Parts required to build the triBot with the EV3 home Edition (#31313)

[image: Parts required to build the triBot with the EV3 Education Edition (#45544)]

Figure 3-4. Parts required to build the triBot with the EV3 Education Edition (#45544)


building the motor and wheel assembly



First, build the motor and wheel assembly.
[image: image with no caption]

[image: image with no caption]

[image: image with no caption]

[image: image with no caption]

[image: image with no caption]


building the caster wheel assembly



This section shows you how to build the caster wheel assembly and attach it to the back of the TriBot. It includes two sets of building instructions: one for the Home Edition and one for the Education Edition. Follow the instructions that apply to the set you’re using.
assembling the caster wheel with the home edition



[image: image with no caption]

[image: image with no caption]

[image: image with no caption]


assembling the caster wheel with the education edition



The Education Edition includes a special caster ball part that lets us add a third “wheel” using fewer parts.
[image: image with no caption]



adding the EV3 brick



Now add four pins to the top of the motor assembly and attach the EV3 Brick.
[image: image with no caption]


mounting the infrared or ultrasonic sensor



Now mount the Infrared Sensor.
[image: image with no caption]

Note
[image: image with no caption]

The images in this section show the Infrared Sensor from the Home Edition; substitute the Ultrasonic Sensor if you are using the Education Edition.

[image: image with no caption]


connecting the color sensor



Now connect the Color Sensor. First, create a mounting bracket.
[image: image with no caption]

[image: image with no caption]


attaching the gyro sensor (education edition)



If you have the Education Edition, attach the Gyro Sensor to the Brick on the same side as the Ultrasonic Sensor. (Skip these steps if you have the Home Edition.)
[image: image with no caption]


building a touch sensor bumper



Now build a bumper for the Touch Sensor. Start with the arm that hangs in front of the Touch Sensor.
[image: image with no caption]

[image: image with no caption]

[image: image with no caption]


attaching the cables



It’s easier to add the cables before you attach the bumper. Table 3-1 includes the specifications for using cables to attach motors and sensors.
Table 3-1. cable connection specifications
	Motor or Sensor
	port
	Cable Length

	Touch Sensor
	1
	10 inches (25 cm)

	Gyro Sensor
	2
	14 inches (35 cm)

	Color Sensor
	3
	10 inches (25 cm)

	Infrared or Ultrasonic Sensor
	4
	14 inches (35 cm)

	Motor on the Infrared (or Ultrasonic) side
	C
	10 inches (25 cm)

	Motor on the Color Sensor side
	B
	10 inches (25 cm)




Motors use ports B and C to match the default settings for the Move Steering and Move Tank Blocks. Likewise, blocks that use sensors default to the ports listed in the table. Any motor or sensor will work using any port (for example, the Touch Sensor works just as well using port 4 as it does using port 1), but using the default ports makes writing programs easier and less prone to error because you won’t need to change port settings. The programs in the rest of this book assume that you connected the motors and sensors according to Table 3-1.
The following steps show how to attach the cables. For clarity, the images show the cable you’re working with as green; in reality, all EV3 cables are black.
attaching the touch sensor



Attach a short cable (10 inches or 25 cm) to the Touch Sensor, and feed the cable through the front of the robot and out the side.
[image: image with no caption]

Attach the bumper to the beam on the front of the robot, and plug the other end of the cable into port 1.
[image: image with no caption]


attaching the infrared or ultrasonic sensor



Use a medium cable (14 inches or 35 cm) to connect the Infrared or Ultrasonic Sensor to port 4.
[image: image with no caption]


attaching the color sensor



Use a small cable (10 inches or 25 cm) to connect the Color Sensor to port 3.
[image: image with no caption]


attaching the gyro sensor (education edition)



If you have the Education Edition, attach the Gyro Sensor with a medium cable (14 inches or 35 cm) to port 2.
[image: image with no caption]


attaching the motors



Use two small cables (10 inches or 25 cm) to attach the motors to ports B and C. In order for the programs in this book to work, the cables must cross over each other. If you look at the robot from the back
[image: image with no caption]



alternate placement for the color sensor



[image: image with no caption]

[image: image with no caption]

[image: image with no caption]


alternate placement for the ultrasonic or infrared sensor



[image: image with no caption]


building a lift arm



[image: image with no caption]

[image: image with no caption]

[image: image with no caption]

[image: image with no caption]

Note
[image: image with no caption]
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conclusion
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Type: Text
Allowed Values: *C"
through "B, followed
optionally by “2,” followed by
"4" through *6.”

Notes: A-G is a musical note

name.
4-6 is an octave number.
"4" means “sharp.”

Examples: "C4” Is “middle C*
on a standard piano, and
s one half step

More Information
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Finally, attach the arm to the
twolarge gears.
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User Guide

Programming

Quick start

These small ideos wil help you get started with the LGOS
MINDSTORMS® £V3 technclogy and sotware.

Programming Overview
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