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Introduction to LEGO MINDSTORMS EV3

« What is it?
— LEGO MINDSTORMS is a programmable robotics construction
set. EV3 is the third generation of the LEGO MINDSTORMS
platform and the “EV” stands for evolution.

— You can build a robot with provided instructions, or design and
share your own creation
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= Whatis in a set?
— Intelligent EV3 Brick (ARM9-based microcontroller)

— Sensors such as infrared, color, and touch

— Actuators including three servo motors

— Variety of LEGO structural and connection pieces
— 2 sets available: Retail and Education
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Introduction to LEGO MINDSTORMS EV3

-  What’s the main difference between Retail and Education sets?
— Retail set (31313) has infrared sensor and beacon
— Education set (45544) has rechargeable battery, gyro sensor and ultrasonic sensor

= How much does it cost?
— Approximately $350 US

= OK, where do | get one?
— LEGO Shop (for Retall Set)
— LEGO Education (for Education set)
— Various online vendors (Amazon and others)

For more info: http://www.lego.com/en-us/mindstorms/support/faqg/



http://shop.lego.com/en-US/LEGO-MINDSTORMS-EV3-31313
http://education.lego.com/en-us/lego-education-product-database/mindstorms-ev3/45544-lego-mindstorms-education-ev3-core-set
http://shop.lego.com/en-US/LEGO-MINDSTORMS-EV3-31313
http://education.lego.com/en-us/lego-education-product-database/mindstorms-ev3/45544-lego-mindstorms-education-ev3-core-set
http://www.amazon.com/LEGO-6029291-Mindstorms-EV3-31313/dp/B00CWER3XY
http://www.lego.com/en-us/mindstorms/support/faq/
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Software Setup

= What software do | need?

&\ MathWorks:

— MathWorks Software:
MATLAB and Simulink (also works with Student and Home versions) Release R2014a, or later
Note: LEGO EV3 support is available on 32-bit and 64-bit Microsoft Windows and 64-bit Linux.

— Simulink Support Package for LEGO MINDSTORMS EV3 Hardware

— Optional: Compiler (for MathWorks software): '
You need a compiler if you want to use a MATLAB Function Block u qﬂ y b
(MATLAB function which operates inside of Simulink and can be deployed to hardware) fen
= See Supported and Compatible Compilers MATLAB Function

http://www.mathworks.com/support/compilers/

For my 64-bit Windows 7 installation, | use Microsoft Windows SDK 7.1 (available at no charge)



http://www.mathworks.com/help/simulink/ug/what-is-a-matlab-function-block.html
http://www.mathworks.com/support/compilers/R2013a/index.html
http://www.microsoft.com/downloads/details.aspx?FamilyID=6b6c21d2-2006-4afa-9702-529fa782d63b&displaylang=en
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Simulink Support Package for LEGO MINDSTORMS EV3
Hardware
« What is it?

— A set of Simulink blocks that allow you to generate programs that run on a LEGO
MINDSTORMS EV3

— It's downloadable and it’s free!

« Where do | get it?
— Get from the MATLAB Toolstrip: Add-Ons - Get Hardware Support Packages

Lo B
PLOTS APPS @ B & 49 m o W @ @I Search Documentation je)
u — {} Llj,:‘i iz, New Variable |2 Analyze Code :5‘ E {0} Preferences 2) (% Community
e C=) ‘ : ?
{1 Open Variable v {7 Run and Time [} Set Path 'S} Request Support
\ L) Compare Import Save . Simulink  Layout Help
= Get More Apps

Get Apps from File Exchange

BE| Get Hardware Support Packages
(¥ Find and install hardware support packages

‘ Get MathWorks Products
¥ View and download MathWorks product trials

Check for Product Updates

I

— Get from the MATLAB Command Line: >> supportPackageInstaller
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Simulink Support Package for LEGO MINDSTORMS EV3
Hardware

= |nstallation Process:

— The Support Package Installer will lead you through the installation process and install
all the software you need to run on a LEGO MINDSTORMS EV3 from Simulink

4\ Support Package Installer fola k== 4\ Support Package Installer fola k==

Select support package to install Third-party software licenses

= You have chosen to install
hon: (Al (62) ] Simulink Support Package for LEGO MINDSTORMS EV3 Hardware.

Support for: Support packages: Third-party software wil be installed from the following locations:

ARM Cortex-A - e Installed  Latest
ARM Cortex-M Version  Version
ARM Cortex-based VEX Microcontroller 1 [@] tnstal 1410 Smulink Win32,Win64 Linuxé4 Sourcery G++ Lite hittps: /sourcery. mentor.com license

Altera FPGA Boards

L]

t ) ' Analog Devices DSPs

Let’'s go get |
- Arduino Due
Arduino Uno/Nano/Mega2560 4\ Downloads EI =l @I

BEEcube miniBEE Platform [download and install the third party software listed above, This list may contain open source software, induding
S;E,‘.EE,:;:N a Downloading the following items: e berms of the General Public License.
DCAM”Hardware [next screen, you will be downloading and installing the software listed above.
Data Translation Frame Grabbers
Digilent Analog Discovery Download Item % Complete
DirectSound Audio
Freescale FRDM-KL25Z
GenICam Interface
GigE Vision Hardware
Green Hills MULTT
Gumstix Overo
Hamamatsu Hardware
Kinect for Windows Sensor 82%
Kvaser CAN Devices | |
LEGO MINDSTORMS EV3
LEGO MINDSTORMS NXT
Matrox Hardware
NI Frame Grabbers
NI-845x 12C Interface
NI-CAN
NI-DAQmx
NI-DCPower -

Required Base Product Supported Host Platforms

EV3 source code i jthub Ssources|/ fims2012/ms2012/source ligense

ill not download or install the software.

Sourcery G++ Lite B2

Installation folder: C:\MATLAB\SupportPackages\R2014a Browse. ..

<Bock | [ Next> | [ concd |[ Heb | <gock | [ next> ][ concd ][ reb |
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Summary: Simulink Support Package for LEGO MINDSTORMS
EV3 Hardware

« Support Package Installer installs all the software elements you need to connect
to and run on a LEGO MINDSTORMS EV3

EV3 source code https: /fgithub. com/mindboards jev3sourcesftree/master Ims 2012/ ims 2012 /source license
Sourcery G++ Lite https: /fsourcery. mentor. com licensze

« Requires MathWorks Account Login
— (but don’t worry if you don’t have one, you can create one when you get to the screen)

=5 EYS U5 - [
= Verify LEGO EV3 Firmware Version [ @ Brick Info
— In the EV3 Brick Interface, go to the settings and — | BFicK HW:
select Brick Info. Fu :
— Check that Brick FW is v1.03E or later. ¥%} ] D3
— If the firmware is earlier than v1 . 03E, use the 001653410508 l
LEGO® EV3 Software to update the firmware. i

10
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Robot Educator

* Build directions in
Education Core Set
and online

Hardware Setup

= What hardware do | need?

— LEGO MINDSTORMS EV3 kit

LEGO MINDSTORMS EV3 retail set (31313)
LEGO MINDSTORMS EV3 Education Core set (45544) . Ethernet Cable LEGO EV3

— Wi-Fi Router (802.11n) (with USB Ethern.et Adapter)

— NETGEAR N150 Wireless Adapter (WNA1100)
= Recommended by LEGO

— Connectivity from host computer to Wi-Fi router
= Can directly connect via Wi-Fi adapter in host computer
= Or can connect via Ethernet cable from host computer

— Optional but useful: ‘Wi-Fi Router NI
R -0 P 3l e
= EV3 Rechargeable DC battery (45501) + DC Charger (8887) .

12


http://shop.lego.com/en-US/LEGO-MINDSTORMS-EV3-31313
http://education.lego.com/en-us/lego-education-product-database/mindstorms-ev3/45544-lego-mindstorms-education-ev3-core-set
http://robotsquare.com/wp-content/uploads/2013/10/45544_educator.pdf

Hardware Setup

Connect up the hardware

— Power on Wi-Fi Router
= Wi-Fi Router Configuration:
 DHCP (dynamic host configuration protocol)
* Encryption = None or WPA2
— Connect Wi-Fi router to host computer
= Use Wi-Fi adapter or Ethernet cable to port 1

— Plug Wi-Fi dongle into EV3
— Power on EV3 by pressing and holding center

button
= Wait for LEGO EV3 to boot up

Wi-Fi Router
connected to
host computer

4\ MathWorks

Q Qﬂ\ B

NETGEAR Wi-Fi |
plugged into

SSID. EV3-PINCL EV3 USB port

Pass: 87654321

13



Hardware Setup

Connect EV3 to WI-Fi Router

— In the EV3 Brick Interface, go to settings and select WiFi

— Select wiri and turn it on (look for checkmark in the box
and WiFi icon on top left)

— Select Connections
— Select your Wi-Fi Router SSID and select Connect

— Select your Encryption

= EV3 only works with Encryption settings of None or WPA2,
so make sure your Wi-Fi router is configured correctly

— Type in your Wi-Fi Router password using the EV3
buttons and select enter

— Look for check mark next to your Wi-Fi Router SSID

USE: [}

&\ MathWorks:

[

=5 EYGS

L Search

EYV3-PM-01
wW-inside a
w-mobi |l e a8

@ Add hidden

14



&\ MathWorks

Hardware Setup =5 EYS usE: [
[ = WIFI Info:
- Get EV3 IP Address MAG:
EQ4o9A1C30C0
— In the EV3 Brick Interface, go to the settings and IP:
select WiFi I 192.168.10, 102
— Click center button with WiFi Router selected
— Note down the IP Address of your brick

= [P Address is in a range determined by your Wi-Fi Router
configuration

= |P Address is dynamically allocated — it may change next time
you power on your EV3 brick!

Let’s go test it!

15



Summary: Simulink + LEGO EV3 Testing

= Check for Support Package Installation

— Simulink Support Package for LEGO MIN

DSTORMS

EV3 Hardware should be in your Simulink Library

— Can also type at MATLAB Command line:
legoev3lib

= Test your connection (computer to LEGO EV3)

— Type at the MATLAB command line:

4\ MathWorks

File

5 Simulink Library Browser
File Edit View Help

B O

Libraries

» | Enter search term

o ®

Signal Routing

Sources
User-Dfined Functions

» Addiional Math & Discrete

Communications System Toolbox

Computer Vision System Toolbox

Control System Toolox

DSP System Toobox

Embedded Coder

Fuzzy Logic Tookox

HDL Coder

Image Acquistion Toolbox
Instrument Control Toolbox
Neural Network Toolbox
OPC Toobox

RealTime Windows Target
Report Generator

Robust Control Toolbox
SimEvents

Simscape

Simulink 3 Animation
Simulink Coder

Simulink Control Design
Simulink Design Optimization
Simulink Design Verifier
Simulink Extras

Simulink Real-Time

Simulink Support Package for Arduino Hardware

"l
2l
2l
2l
2l
"l
Pl
3l
3l
3
3
P
3|
3|
3|
2l
2l
2l
2l
2l
"l
Pl
3l
3l
3
3
"al

3|

Simulink Verification and Validation
Stateflow
System Identification Toolbox

S \hinle Netwnrk Tanlhme
« .

3|
3|
3|
2l
2l
2l
2l
ol

Embedded Coder Support Package for ARM Cortex-M Processors

Simulink Support Package for Gumstix Overo Hardware

‘Simulink Support Package for LEGO MINDSTORNS EV3 Hardware
Simulink Support Package for LEGO MINDSTORNS NXT Hardware
Simulink Support Package for PandaBoard Hardware

Simulink Support Package for Raspberry Pi Hardware

Simulink Support Package for Samsung GALAXY Android Devices

EE®

B

m

»

b - B
legoev3iib

Ready

#4 Library: legoev3lib

Edit View Display Diagram Analysis Help

Hngv

(BN e =

[Pallegoev3ib »

LEGO MINDSTORMS EV3

LEGC EV3
D 4

Up

LEGC EV3

8 b

Port 1

LEGC EV3

=

Line 1

Button Color Sensor

Display

LEGO EV3 LEGO EV3

PortA Port 1

[EGoEVE
I b

Port 1

Encoder Gyro Sensor

Infrared Sersar

LEGD EV2 LEGD EV2
Freq

o)

PortA =

LEGO EV3
n

Spesker

Siatis Light

LEGO EV3 LEGO EV3
& b A2 b

Port 1 Port 1

Examples for
LEGO MINDSTORMS
Eva

Touch Sensar Ultras anic Sensor

Copyright 2012 The MsthWarks, Inc.
=

[Emmpies]

100%

b

ST Tt ToUGT Senear

Showing: Simulnk Support Package for LEGO MINDSTOR!

MS EV3 Hardware

'ping ip.add.re.ss
— OR type at the MATLAB command line:
legoev3(‘'ip.add.re.ss’)

Pinging 192.168.10

.102 with 32 bytes of data:

Reply from 192.168.10.102: bytes=32 time=5m=s TTL=64
Beply from 192.168.10.102: bytes=32 time=3ms TTL=64
Beply from 192.168.10.102: bytes=32 time=3ms TTL=64
Beply from 192.168.10.102: bytes=32 time=3ms TTL=64
Ping statistics for 192.168.10.102:

Packets: S5ent = 4, Received = 4, Lost = 0 (0% loss)

Approximate round trip times in milli-seconds:

Minimum

fx > |

3m=,

Maximum Sm=, Average =

3ms

»» legoewd |

ans

iphAddress:

192.168.10.102")

legoev3 with properties:

'1592.168.10.102"

16
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Summary: Simulink + LEGO EV3 Testing (con’t)

= Open LEGO EV3 Communication model: ev3 communication

= Click Tools -> Run on Target Hardware -> Options
— Check to make sure Target hardware = LEGO MINDSTORMS EV3.
— Also check / update the IP Address.

- Click Run button [®] = = [xtema J|| @ -l TR
— We used the “External” simulation mode.

— External mode allows you to tune parameters and monitor signals
In the model while the application is running on hardware

— You can use “Deploy to Hardware” button if you want to run on the

hardware with no interaction from the host

= The model is now running on the LEGO EV3 robot

17
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Two Examples

= Line Tracking Robot

— Follow a black line using the light
sensor to control both motors

= Self Balancing Robot

— Use gyro sensor to control both motors
to balance robot

4\ MathWorks

#3 ev3_linetracking
File Edit View Display Diagram Simulation

=-8

ki

Analysic  Code Tools  Help
| = -l
ik M=RIC inf

(E=E Eoh =)

Line Tracking

tathWorks, Inc.

BENER @ 2
?

REl‘ereszEbmy Dzmﬁma}—%)—psmasvm Forward|
Velociy (ms)
Desired Velocity Velacity C ontrol
LeftbotoT
htMotor
RighthotorT :
. State Estimation Light Sersarcnior Lettoter
Sensar Motors
B—
White Value DesiredLight 4>©—> LightEr ing|
G
Bladk Vale o Line Tracking Con
»
Ready 100%
soises | eaoxmo ramera
3, EV3_HW_Balance_Move [E=R[ECR )
File Edit View Display Diagram Simulation Analysis Code Tools Help
B-E e ES-E-4OP 1 ©-w Trm— e
EV3_HW_Balance_Move
5
- LEGO EV3 Robot
li:il Self B a | a n CI n g [l Video Preview - Logitech Webcam Pro 9000 [o)la]==)
B Hardware
(&=
Sensors PWM P Actuators Raw Sensors
Controller Subsystem Self Balancing
Robot Hardware Subsystem
5 (C) MathWorks, Inc., 2014
Ready 192%
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Wrap-Up
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Simulink Hardware Support

4\ Hardware Support

[ C | [ www.mathworks.com/hardware-support/index html?q=tag:"Support+Package+Installer + Enabled"%20product_family:" ¢¢| =

@\ MathWOLks: | cocm e e s s ©urimssimmy [covmas | sen [ |@) \ Arduino / \Lego EV3 & NXT Raspberry Pi

Products & Services Solutions Academia Support User Community Events Company

4\ Inside Google S Twitter &I Yahoo! 4\ MathWorks [ My Bookmarks

a

Hardware Support

Hardwiare Support 1ain Page Simulink Freduct Family X | tag-"Support Package Installer Enabled” B

Search Hardware Support

Request Hardware Support

Results 1-13 0f13

Altera FPGA Board Support from HDL Verifier B Altera
Refine by Vendor Use HDL Verifier for FPGA-in-the-loop (FIL} support for FRGA-based verification on Altera FPGA boards
Kilinx 2 =
Analog Devices Blackfin, SHARC, TigerSHARC. and VisualDSP++ Support from Analog Devices
ARecs ! Embedded Coder @
Analog Devices 7 | Generate code optimized for Blackfin and SHARC DSPs
Arduine 1 . S l I I
- Arduino Support from Simulink & Arduing B I B d P d B d a S u n g
Avnet 1 Student-priced microcontroller board for introducing electrical engineering, motor control, and mechatronics eag e 0 ar an a. 0 a.r L XY
BeagleBoard 1 o GA A
) BeagleBoard Support from Simulink & BeagleBoard
Bitflow 1 Low-cost, single-board computer designed for audio, video, and digital signal processing
Green Hills Software T -
BitFlow Neon Support from xPC Target B Bitflow

Use BitFlow Neon with xPC Target for reak-time image acquisition and processing for industrial, medical, or

Selected Simulink Supported Hardware:

E_“'IT;_SWIE:E _ : Green Hills MULTI IDE Support from Embedded Coder @ Breen Hills Software L
E:b:d::;::me:smg ) Generate code for MULTIIDE ° LEGO® M I NDSTORMS® EV3 and NXT ($350)
TS B Gumstix Overo Hardware Support from Simulink B Gumstix . ®
- Tiny e dule (COM) designed for digital signal i d product prototy| - -
s sen R iny computer on module (| esigned for digital signal processing and product prototyping ® ArdUIno Uno’ Due’ Mega 2560 and more- ($30 $70)
S— LEGO MINDSTORMS NXT Support from Simulink & Lego [p— .
:;‘;:::::::"g T 2 Create Simulink models that run directty on your robot > AISO Support for Ethernet and WIFI Shlelds

M PandaBoard S ri i Simulink & PandaBoard .
Te— 1 Louhont snde-hoecomer dosane o ud,von, ond ik s rocssng o » Raspberry Pi Model B and B+ ($40)
Refine by Product Family R b Pi g rt fi Simulink B R b Pi
Crffrgc:;gzedl Iuli.'p-gaost. sL‘;E—tulaTduclunmputer'.'.'ith audio and video input/output, designed for teaching sermem ° BeagIeBoard-XM ($150) and PandaBOard ($180)

Simulink Product Family H

. ' « Samsung GALAXY Android Devices ($50-$500)
http://www.mathworks.com/hardware-support/home.html

Available in Student and Home Versions!
21
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Additional Resources

makerzone.mathworks.com

www.mathworks.com/academia

www.mathworks.com/student version

www.mathworks.com/matlab-home

21 PROJECTS AND TUTORIALS
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MATLAB® & Simulink® project resources for
Arduino®, Raspberry Pi®, and LEGO MINDSTORMS®

MAKERZONE BLOG o »
WELCOME TO MAKERZONE

Where you can bring amazing ideas to life
with MATLAB and Simulink

MAKER FAIRE
#5.- PARIS ROBOT
CHALLENGE A
ROARING
SUCCESS!

at the top of the scoring list with the best ime. But...

GET STARTED WlTH SI MU Ll N K Find out how to get the software and get started

© 2014 The MathWorks, Inc. MATLAB and Simulink are registered trademarks of The MathWorks, Inc. See
www.mathworks.com/trademarks for a list of additional trademarks. Other product or brand names may be
trademarks or registered trademarks of their respective holders.
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