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Introduction

MINDSTORMS EV3 serves as an excellent platform for experimenting 

with robotics. And with a little push, given in this book, the use of the EV3 

Intelligent Brick can be expanded to provide a means for rapid prototyping 

of all sorts of inventions. There are several single-board host computers 

for developing inventions, such as the Raspberry Pi, BeagleBone, or 

LattePanda. There are even hardware adapters to use MINDSTORMS 

motors on a Raspberry Pi or BeagleBone. But this book keeps LEGO as the 

foundation, including the MINDSTORMS EV3 Intelligent Brick as a host 

computer. There are several reasons for this LEGO-centric approach.

First, the mechanical design of inventions is simple by using the vast 

array of LEGO building bricks that can be attached to the EV3 Intelligent 

Brick. There’s no need to build an enclosure around the computer 

heart, since the EV3 Intelligent Brick is already powered, hardened, and 

enclosed. It has built-in batteries, display, control buttons, speaker, and SD 

card storage. Mounting points on the rear and sides of the EV3 Intelligent 

Brick provide quick and easy attachment of sensors and motors.

Second, the artistic aspects of LEGO are maintained by using the 

EV3 Intelligent Brick as the host computer. LEGO constructions have an 

aesthetic appeal enjoyed by artists and builders, so the EV3 Intelligent 

Brick is used as the basis in this book. This artistic appeal is in contrast to 

the alternate approach of building a device from a Raspberry Pi and trying 

to put a LEGO box around the device, potentially resulting in a clumsy 

mash-up. In this book, LEGO is the heart of the invention.

Third, the educational foundation of LEGO can be built upon 

to introduce kids and students to more sophisticated technologies. 

LEGO adapts to kids’ interests as they grow older, culminating with 
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MINDSTORMS EV3. As mastery of MINDSTORMS is achieved, this 

knowledge can be built upon to learn and use more complex electronic 

and software capabilities.

The key to expanding LEGO MINDSTORMS is introducing the wide 

selection of sensors, actuators, devices, and even smartphones that can be 

interfaced through an Arduino controller. This book shows how to add this 

Arduino interface for many applications. No prior knowledge of Arduino is 

required.

The development of this book’s ideas begins in Chapter 1 with 

introducing the Arduino. Instructions are given on how to select among 

the many varieties of the Arduino, along with the accessories for attaching 

it to LEGO bricks and wire connections. Two options are suggested 

of either an Arduino Uno circuit board with shield accessories or the 

STEMTera. A design is given for mounting of the Arduino alongside the 

EV3 Intelligent Brick to create a LEGO workstation for building prototype 

inventions.

Chapter 2 discusses programming the EV3 Intelligent Brick, preparing 

to interface it to the Arduino. The MINDSTORMS EV3 programming 

environment will be used throughout this book, taking advantage of its 

likely familiarity with many readers. While prior experience working 

with the robots of the EV3 Home Edition software is helpful, it is not 

necessary to build the projects in this book with instructions given on 

how to get started and how to program the projects’ EV3 code. Advanced 

programming blocks are used in some of the projects in this book that 

readers may not be familiar with, so these blocks are introduced in this 

chapter.

Chapter 3 sets up the Arduino, specifically in how to program this 

device and how to interpret the architecture of an Arduino program sketch. 

Arduinos are programmed with a variant of the C language, which can get 

complicated. However, programs are largely simplified by using sketches 

already developed and tested for a particular sensor or actuator. So an 

approach is taken in this book of using these predeveloped sketches, 

Introduction
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with some minor modifications. These modifications are documented 

throughout this book. All of the sketches found in this book can be 

downloaded from www.github.com.

Chapter 4 takes a look at the sensors available for projects. While 

Arduino-based sensors are the primary interest of this book, many of 

this book’s projects combine Arduino sensors with LEGO-made sensors 

or motors, so an overview is given of MINDSTORMS-based devices. A 

motivation to consider Arduino sensors is the wide capability they offer, 

but a drawback of so much variety is trying to figure out which sensor 

will work. So Arduino sensors are classified in this chapter by how they 

interface with the Arduino, either by pulse-width modulation (PWM), 

inter-integrated circuit (I2C), or serial peripheral interface (SPI). Some 

project designs need electronic components to send signals between 

sensors, the Arduino, and the EV3 Intelligent Brick. Such connections 

can involve resistor and/or capacitor circuits, so a guide is presented on 

understanding and buying these components.

Chapter 5 describes the first project—a metal detector built from an 

electromagnetic inductive sensor. The EV3 Intelligent Brick sounds and 

flashes an alarm when a metal is nearby, with an indication also given 

of how far away the metal is from the sensor. This project is first built 

on the LEGO Arduino Workstation of Chapter 1 and then is built in an 

alternate form of a handheld metal detector. The sensor in this project 

communicates with the Arduino by I2C and then with an analog signal to 

the EV3 Intelligent Brick.

Chapter 6 reverses the direction of data flow of Chapter 5, by now 

having the EV3 Intelligent Brick generate an analog signal that is read by 

the Arduino. The Arduino then sends I2C commands to the external device 

of a linear array of color-programmable light-emitting diodes (LEDs). 

Various LED color patterns can be displayed, useful for adding lighting 

effects to LEGO models.

Chapter 7 delves more deeply into I2C communication, a powerful tool 

for sending and receiving data to or from the EV3 Intelligent Brick. The 
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I2C passes data in 7-bit words, so a description is given on how decimal 

numbers are represented in this digital format. I2C communication, 

facilitated by a programming block developed by Dexter Industries, works 

within the EV3 programming environment to keep programs simple. 

The software interface for the Arduino end of I2C is also developed and 

explained in this chapter.

The I2C capability built in the previous chapter is exploited in  

Chapter 8 to combine a lidar with LEGO inventions. The lidar can measure 

target distance up to 40 m, reporting results to the EV3 Intelligent Brick for 

a variety of possible uses. Example applications are shown in a scanning 

lidar for profiling an outdoor area, as well as measuring the height and 

canopy thickness of a tree. Scanning is accomplished by mounting 

the lidar on a LEGO EV3 Large Motor. Further capability is added by 

combining a camera with the scanning lidar, with an example project of 

monitoring roadway traffic. The data communication link between the 

Arduino and the lidar is by PWM.

Chapter 9 explores the use of sensors that communicate by SPI, in this 

case a weather sensor of temperature, barometric pressure, and humidity. 

Another environmental measurement is added by use of a LEGO EV3 

Color Sensor to record the ambient light level. The EV3 Intelligent Brick 

logs these four meteorological parameters over the course of many hours. 

An example project is shown of how weather parameters vary over the 

course of a few days.

Chapter 10 introduces working with Arduino shields, which offer 

more sophisticated functionality than the discrete sensors used in 

earlier chapters. The shield used in this chapter is a spectrum analyzer 

that separates audio or music signals into several frequency bands. This 

spectral data is read by the EV3 Intelligent Brick in an example project to 

visually and mechanically represent the frequency content of music. The 

seven spectral bands are displayed in a bar graph format on an LED array. 

Also, three of the spectral bands are used to drive three different LEGO 

mechanisms that dance in time with music.
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Whereas the previous chapter has the EV3 Intelligent Brick receiving 

data from an Arduino shield, Chapter 11 has the EV3 Intelligent Brick 

sending data to an Arduino shield. The shield used in this chapter is a 

vibrant two-dimensional LED display with a color adjustable by the user 

to contemplate their favorite color. Color adjustment is made by LEGO 

EV3 motors adapted to serve as control knobs for setting the levels of red, 

green, and blue constituent colors that get mixed together.

Chapter 12 features an Arduino shield that interfaces with a 

smartphone for a wide range of applications. The communications, 

imaging, and sensing capabilities of a smartphone can be incorporated 

into LEGO inventions. Two example projects are described. First, a 

smartphone’s orientation sensor provides data to the EV3 Intelligent Brick, 

which in turn orients the tilt of a LEGO liftarm to match the smartphone’s 

angle. The second project is a security monitor that uses an EV3 Ultrasonic 

Sensor to trigger the smartphone to take a picture and send email 

notification that an intruder has been detected.

Each project in this book is described with step-by-step instructions 

for the building aspects involved: LEGO part assembly, electronics, 

wiring, EV3 code, and Arduino sketch. All the parts used in a chapter are 

summarized in an appendix, along with suggested sources for purchasing 

electronic components. LEGO parts are also identified in each chapter 

with a graphical parts diagram that also gives the part’s name and  

number so it can be found on LEGO part supply sources such as Bricklink 

(www.bricklink.com).
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CHAPTER 1

The LEGO Arduino 
Workstation
A wide new range of LEGO inventions can be realized by combining 

MINDSTORMS with an Arduino. Arduino is a single-board host controller 

for many types of sensors, motors, displays, actuators, and interfaces. It 

has become the most common host controller for electronics developers 

due to its low cost and ease of use. The Arduino is meant for nonexpert 

electronics builders to be able to build their own inventions. In this 

chapter, the hardware for connecting MINDSTORMS EV3 with an Arduino 

will be developed. This LEGO Arduino Workstation serves as a platform for 

building the projects found in this book.

�The Arduino
The Arduino controller comes in many versions that can be confusing to 

distinguish from one another. This book uses the basic workhorse version 

known as the Arduino Uno, shown in Figure 1-1. The LEGO Arduino has 

many connection points for power and signal input and output that will 

be used throughout this book. Most of the connection points are by the 

rows of pins, called headers, on top of the device. Labels on the circuit 

board and on the side of the headers indicate, in abbreviated form, what 

these pins do. Other connections on the circuit board are for power input 

and a micro-USB connector for programming the Arduino Uno. These 

connections will be discussed in the following chapters.

https://doi.org/10.1007/978-1-4842-6303-7_1#DOI
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In this chapter, the mechanical mounting and interface of the Arduino 

Uno to LEGO are built. Standing alone, as in Figure 1-1, the Arduino Uno is 

inconvenient to connect to LEGO. So a mechanical mounting plate can be 

purchased from the 3D printing marketplace that fits in the four mounting 

holes of the Arduino Uno. Such a plate is shown in Figure 1-2, purchased 

from www.shapeways.com.

Figure 1-1.  The Arduino Uno is a programmable board for hosting 
sensors and controllers

Chapter 1  The LEGO Arduino Workstation
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In addition to a baseplate for the mechanical interface of the Arduino 

to LEGO, an electrical interface is needed to connect power and signals 

between the Arduino and the EV3 Intelligent Brick. This electrical interface 

is conveniently implemented with a breadboard, a device used for building 

prototype electronic circuits. Wires and the leads of electronic components 

slide into the holes of the breadboard to connect circuits. An Arduino-

connected breadboard is available in the form of the Proto Shield, such as 

the one pictured in Figure 1-2. The Proto Shield has pins on the bottom 

that match the headers on the Arduino, and the connection between the 

two is made by pressing the Proto Shield into the Arduino’s headers. The 

assembled three components of baseplate/Arduino/Proto Shield are 

shown in Figure 1-3. Also shown in Figure 1-3 is an alternative Arduino 

implementation, known as a STEMTera. The STEMTera is a combined 

breadboard and Arduino Uno—the Arduino is encased in the base of 

Figure 1-2.  Connecting the Arduino Uno to LEGO involves a 
baseplate for a mechanical interface (at the left) and an electrical 
interface (at the right)
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the breadboard. In addition, the STEMTera has a LEGO-compatible 

mechanical mounting on the bottom of the device, so it can simply be 

pressed together with LEGO parts. Throughout this book, the STEMTera 

version is used for two reasons: (1) the STEMTera costs less than the 

baseplate/Arduino/Proto Shield approach, and (2) the STEMTera is more 

rugged and more attractive.

Figure 1-3.  Two possible Arduino implementations are the 
STEMTera (at the left) and a stack of a 3D printed adapter, Arduino 
Uno, and Proto Shield

�Assembling the LEGO Arduino Workstation
A LEGO platform can be built to hold the EV3 Intelligent Brick, Arduino, 

and various prototype setups. Such a platform is shown in Figure 1-4, 

based on 12×24 bricks. Building instructions follow Figure 1-4.
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Figure 1-4.  The LEGO Arduino Workstation includes the EV3 
Intelligent Brick, Arduino, and area for attachment of experimental 
prototypes
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