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introduction

In this book, you’ll explore LEGO MINDSTORMS and Technic with projects that teach you how to monitor for intruders, automatically photograph wildlife, experiment with lasers and light-emitting diodes, send Morse code, set up covert infrared communications, capture nocturnal insects, build your own sensors, and more.

You’ll use MINDSTORMS EV3 sensors and motors and take advantage of these devices’ more advanced capabilities. You’ll also learn to include non-LEGO sensors and electronic components for added capability. Treat the projects in this book as springboards for new ideas and LEGO applications. One of the joys of LEGO is that building new inventions is quick, easy, and fun—and, now, practical. With MINDSTORMS EV3’s computer control, software, sensors, and motors, there’s no need to keep your LEGO collection confined to models or tabletop robots. Build something useful: perhaps a scientific instrument or something you can take outdoors to explore the world.

what is MINDSTORMS EV3?

MINDSTORMS is a LEGO product line that allows you to add computer control, motors, and sensors to LEGO inventions. MINDSTORMS has undergone several upgrades since its introduction in 1998, and the latest version is known as MINDSTORMS EV3. Though developed for building robots, MINDSTORMS EV3 serves as an excellent toolkit for inventing all sorts of new devices. You can use LEGO’s structural building capability, combined with sensors and motors controlled through computers, to perform experiments involving astronomy, biology, communications, security, and surveillance, as you will in this book.

what is Technic?

Technic is a LEGO product line for building complex structures and machines. You can attach LEGO elements to the sides of Technic bricks, not just to the top or bottom, allowing for rugged designs. The Technic sets include mechanical elements such as gears, liftarms, pins, and axles for building machines with moving parts. These aspects of Technic are a useful complement to MINDSTORMS EV3 because they provide a way to hold and orient sensors and motors, as you’ll see throughout this book. Technic inventions that don’t rely on MINDSTORMS EV3 also offer interesting applications. We’ll explore these in four chapters of this book.

what you’ll need to build the projects in this book

Each chapter identifies all the parts you’ll need to build the projects, with diagrams that include the part’s picture, quantity, name, and part number. This information should help you find the parts you already have in your collection and identify any additional ones you may need to purchase.

Sometimes, combining bricks from various LEGO product lines lets you build the best projects. Most of the parts needed for this book are from the MINDSTORMS EV3 #31313 set, but some parts (identified by asterisks in the part list diagrams in each chapter) are from the Technic or LEGO System product lines. In some cases, though, I suggest an alternate design using other parts from the MINDSTORMS EV3 #31313 set.

You can easily find any LEGO part you’re missing at online sites such as BrickLink (https://www.bricklink.com/). Simply enter the part number into the search bar, as shown in Figure 1 for a 2 × 4 brick (part number 3001).

Each chapter provides the part number to use for a search. Each part is shown as a picture and listed in the following format: 3001 2 × 4 Brick. The first number is the part number (3001), and the second number is the name of the part (a 2 × 4 brick).

Some projects include aftermarket LEGO-compatible sensors, electronic components, cameras, or tools. The text explains the requirements for using each of these non-LEGO devices, along with information about where to buy them.

Finally, in several chapters, you’ll need the following:


	A soldering iron and solder


	Diagonal cutters for trimming wires


	Wire strippers


	Cyanoacrylate glue (such as Super Glue, Krazy Glue, or Gorilla Glue)


	Jumper wires




Some of the projects in this book use the LEGO MINDSTORMS EV3 Home Edition software. To be able to use this software, you will need macOS 10.14 or earlier, or Windows Vista or higher.

who this book is for

This book is best suited for someone who already has some experience with LEGO and MINDSTORMS EV3—for example, someone who has built one or two of the robots in the MINDSTORMS EV3 #31313 set. That’s because these projects use the same sort of terminology, instructions, and programming environment used in those MINDSTORMS projects.

That said, each chapter offers step-by-step building instructions, along with ideas for altering the projects to make something a little different. Each chapter also walks through writing the software in the MINDSTORMS EV3 programming environment’s block-based language, block by block, so you can write the code even if you’re not already familiar with the environment (or programming in general). Some of the projects use algebra that is generally taught in high school.

who i am

I’ve always been interested in LEGO, and I love tinkering with new devices. This curiosity put me on a path to studying engineering. I eventually graduated with a PhD in electrical engineering and have a career in high-tech research. Through this journey, I’ve learned a lot of science and math, which I enjoy implementing in LEGO-based inventions as a hobby. As LEGO grew more sophisticated with the advent of MINDSTORMS, I found that building complex devices became quick, easy, and fun.

I noticed that my inventions often caught kids’ attention because they were built from LEGO pieces, serving as a familiar and playful way for them to learn new science, technology, and math concepts. I wrote this book to share this enjoyment and help other people incorporate science and engineering concepts in their own LEGO pursuits with practical, step-by-step instructions.
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FIGURE 1: You can purchase parts from BrickLink by entering the part number in the search bar at the top of the screen.

the projects

This book features 16 advanced LEGO technology projects across 12 chapters:

Chapter 1: The Motion-Activated Critter Cam Shows you how to control a digital camera to automatically photograph animals outdoors. Take high-quality photographs of wildlife that visits your area.

Chapter 2: The LEGO-Compatible Laser Teaches you how to construct a laser that is compatible with LEGO mounting. The laser not only looks cool but also is useful for
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