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Overview

This tutorial covers how to use Simulink to program a Zumo Robot powered by an

Arduino Uno. This guide will walk you through the steps to move a Zumo Robot along
a specific trajectory.

Here are the specific steps to get there:

1. Install Simulink Support package () for Arduino

2. Download the Zumo Robot Library () for Simulink

3. Create a Simulink Model move the Zumo Robot

4. Build and download the model to see the robot in action

The tutorial is a second in a series on using Arduino with Simulink. For a quick
introduction to Simulink, refer to Set up and Blink - Simulink with Arduino () tutorial. W
hile this tutorial uses the Zumo Robot,a similar Simulink model and the same workflow
can be used to control any robot that uses a Simulink supported Arduino board
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Hardware
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Software

List of Software components:

1. MATLAB and Simulink (R2014a)

« Buy the Student version for $99 ()
« Buy a Home-use license for $194 ()

« See commercial and other licensing options ()
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https://www.mathworks.com/academia/student_version/?s_tid=htb_learn_gtwy_cta3http://www.mathworks.com/academia/student_version/
http://www.mathworks.com/products/matlab-home/
https://www.mathworks.com/store/index.do

2. Simulink Support Package for Arduino ()

« Follow this tutorial to complete installation: Set up and blink - Simulink with
Arduino ()

3. ZumoBot Simulink Library ()

« The Zumobot Simulink Library is a collection of blocks used to interface
specifically with different components of the Zumo Robot.
- Download this library from MATLAB Central File Exchange.

FileExchange  Answers  Newsgroup  LinkExchange  Blogs  Trendy Cody  Contest  MathWorks.com

File Exchange

Code covered by the MathWorks Limted

Simulink Library for Zumo Robot

Be the first to rate this fie
by Chirag Gupta

23 Downloads (last 20 days)
29 Apr2014

File Size: 912KB
File D: 245886

License

A lorary of blocks to get started with the Zumo Robot -
-+ g Highlights from

Simulink Library for Zumo
Robot

(R Watch this Fie

File Information

Description This Simulink Library provides driver blocks for all the sensors present on the Zumo Robot as well as
example models showing their usage
For more information about Zumo Robot for Arduino, please refer to
hitp:Jiw ww.pololu. com/product/2506

Required Products S
MATLAB release MATLAB 83 (R20148
Other requirements Arduino Support Package

Tags for This File (1) Please create a community profie to tag files.

arduino, robot, robotics

Please create a communiy profile to add a comment or rating.

Updates

29 Apr 2014 update with stable Magnetometer

Contact us

To install the library:

Jx install_zumobotiiforce8
Aftempts to install the zumobot
orary

Jx makeinfosrtwmakecto(

ECFG.m adds include and

rectories to rtw make fies

JX prepareCurrentFolderForZumo
Copies the Wire ibrary folder into
the current foider

JX renc2cop(stname, inverted
renc2cpp(stname) given an -
function name sfname, t looks for

JX runAfterBuidingLibraryBL
Convert particular wrapper C fies
named "wrapper.c'to vaid CPP fies

This function attemps to recomple
allthe S Function blocks

Jx sblocks

SLBLOCKS Defines the biock Rorary

for ZumoBot

BuzzerAndPushButton

LineFolowing

Magnetometer

e

Motors

%) zumosotL

» View all files

« Unzip the downloaded file to your working directory.

« Open MATLAB, and navigate to the directory named 'zumo_library' in the
unzipped folder.

- Install the library by typing install_zumobotlib in the MATLAB command window

« If you face any issues related to installation, refer to the text file 'README.txt' for
instructions related to installation.
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http://www.mathworks.com/matlabcentral/fileexchange/40312?download=true
file:///home/how-to-use-matlab-and-simulink-with-arduino
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http://www.mathworks.com/matlabcentral/fileexchange/45886-simulink-library-for-zumo-robot

Current Folder
Name «

examples

fx >> instal 1 zumobotl ibI

To verify successful installation of the ZumoBot Simulink Library,

« Click on the Simulink Library Icon on the MATLAB Toolstrip to launch the
Simulink Library Browser

- In the Library Browser window, check if ZumoBotLib is included in the list on the

left.

ay > 58 Simulink Library Browser

O]
Libraries

(Al SalSalsal sal Sl salSalsalsal sl sal Sl salSalsalSalsalsalsalsalsal sl salsalsafsalsalsisalsi

File Edit View Help

» Enter searcht

Simulink

Aerospace Blockset -
Communications System Toolbox -
Computer Vision System Toolbox

Control System Toolbox Frequen

DSP System Toolbox
Embedded Coder
Fuzzy Logic Toolbox
HDL Verifier

Image Acquisition Toolbox
Instrument Control Toolbox
Minor Time Step Logaing

Model Predictive Control Toolbox AN
st

Real-Time Windows Target
Report Generator
Robust Control Toolbox
SimEvents

SImRF

Simscape

Simulink 3D Animation
Simulink Coder
Simulink Control Design
Simulink Design Optimization
Simulink Design Verifier
Simulink Extras
Simulink Support Package for Arduino Hardy
Simulink Verification and Validation
Stateflow
System Identification Toolbox
Vehicle Network Toolbox

Neural Network Toolbox
OPC Toolbox

[*al xPC Target

MY

| Library: ZumoBotLib | Search Results: (none) | FrequeuZJ

covieanen b
=
oy

ZumoBuzzer

ZumoMagnetometer

&

ZumoMotors

w5

ZumoReflectanceSen-

le”|
N
3

=]

@)
-3
=
c

ZumoPushButton

Simulink Model

Now that we have the software environment set up, the next step is to create a model

for the system.

The curved trajectory along which the Zumo Robot moves can be defined by the

angle 'omega' at which the Zumo Robot is turning at an instant and the velocity 'v' at
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which the robot is moving forward.

Using simple kinematic equations, the mathematical relation is given by the following
equations:

V,=V—-wL/2
Ve=V+wL/2
where,

V is the forward velocity
Vris the right wheel velocity
V., is the left wheel velocity
L is the length of the axel
w is the angular velocity

Or in matrix notation,
VL] _ [1 —L/Z][V]
Vel 11 L/2)|lw

The ZumoBot simulation library includes an example Simulink model for this tutorial.
To open the example model navigate to the 'examples' folder, and type Motors in the
MATLAB command window.

3 Motors * e
Fle Edt View Display Diagam Simulation Analyss Code Tools Help
#-8 e HOe-B4OP» @ [romal X Q- |és-
[ Motors
® |[%a] Motors » -
Q
4]
=
&
Radius of curvature = v/ omega » D
10 Scope
v v
(cm/s) v_Lv_R >
omega
0.5 motor command
conversion
omega ZumoMotors

(rad’s)

»
Model successfully downloaded to ‘Arduino Und, 28% FuedStepDiscrete
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The model accepts velocity 'v' and turning angle 'omega' as inputs and using the
subsystem named 'motor command conversion' converts the two inputs into left and
right wheel velocities.

A subsystem is a collection of Simulink blocks and is a neat way to organize blocks
for complex models. It is the block diagram equivalent of writing functions for your
code.

The 'model command conversion' subsystem implements the math we just saw above
in Simulink. To look at the implementation, double click on the subsystem block.

v_L =v-omega * axleLength/2
v R =v+omega * axleLength/2
or in matrix notation,

[v_L; v_R] = [1 -axleLength/2; 1 axleLength/2] * [v; omega]

:

v
change V- symmetrize ‘- change - Saturation T

ng 9 (command) V.
units [-256 255] -

o

omega parameters motors

The first block named 'change parameters' performs the matrix multiplication
operation we saw in the equations above. To look at the block properties, double
click on the block.

X
W Function Block Parameters: change parameters‘z ' emw g

Gain

Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u®K).
g g

Main | Signal Attributes l Parameter Attributes |

Gain:
[1 -axleLength/2; 1 axleLength/2]

Multiplication: [Matrix(K=u) v
Change Sample time (-1 for inherited):
parameters|| *

Q [ ok ][ cancel |[ Help || Apply

The second block named 'symmetrize motors' accounts for the fact that not all motors
are identical. This block multiplies the one of the wheel velocities with a scaling factor
called 'symmetrizeMotors' which can be tuned depending on the differences between
the motors.
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4 Y
#3| Function Block Parameters: symmetrize motors ﬂ
sy

Gain

Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u™K).

Main I Signal Attributes I Parameter Attributes I |

Gain: '

. [1 symmetrizeMotors]| I

symmetrize i
Multiplication: [Element-wise(K.*u) 'l

motors :

Sample time (-1 for inherited):

-1

9 [ ok [ cancel |[ Help || apply

Up till this point, we were dealing with real world units, however the Zumo Robot
understands commands in integer values ranging from -256 to 255 for motor control.
The third block named 'change units' performs this conversion.

- 5
Function Block Parameters: change units u

>

Gain -

Element-wise gain (y = K.*u) or matrix gain (y = K*u or y = u®K).

Main l Signal Attributes I Parameter Attributes l

Gain: s
commandPercmPerSecond|
change
i Multiplication: [EIement—wise(K.‘u)
units

Sample time (-1 for inherited):

< | 1 | )

2 [ ok J[ cancel |[ Help || apply

e ————————————————————

The parameters axleLength, symmetrizeMotors, and commandPercmPerSecond are
all model parameters and can differ slightly from Zumo Robot to Zumo Robot. Thus
even though the model currently has some default values, these can be tuned to fit
your specific needs. These parameters can be modified through the model
workspace which can be accessed through the button highlighted below.
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File Edt View Display Ougram Semulstion Analysis Code Tools Help

Cr—r [T s i ] =)
© falMotors ¥ oy metor command ol | File  Edit View Tools Add Help E
Q B0 BHEE (il
[+] Search: by Name ~ Name: & Search
; Model Hierarchy 2 = = Contents of: ...el Workspace (only) Filter Co Model Works
% Simuli
Simulink Root ol e m 3 Details 6 object(s) 7 Workspace d.
(i Base Workspace = Dataleouree:
« [ Motors* Name Value DataType Min M .
orin | % Model Workspace = axleLength 9.8 auto (1 1) Model argume
E Code for Motors [= commandPercmPerS... 3.9547 auto n o
@ Advice for Motors [=) symmetrizeMotors 1 auto [ [
&4 Simulink Design Verifierr |~ sampleTime 001 auto 0o
n . ) ) l=l commandThreshold  31.875 auto [1 [
@ Configuration
_ | ¥ plotRange 50 auto nun
v ! @ Run on Hardware Config
£l motor command convers
omega _
— | [Revert| [Hel
Contents | Search Results == ’
»
Model successfully downloaded to ‘Arduino Und'. 253% FoedStepOiscrete

The outputs of the motor command conversion subsystem which are the left and right
wheel velocities are fed to the 'ZumoMotors' block. The "ZumoMotors' block
represents the motors on the assembled Zumo Robot.

www.pololu.com

ZumoMotors

Generate code, load and run

Now that we have understood the model, let us download it to the robot and see it in
action.

Open the Motors model from the examples directory that came with the ZumoBot
library. To start off, use the default values in the model for velocity 'v' (20 cm/s) and
angle of turn 'omega' (0.1 rad/s).
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To build and download the model on the ZumoBot, click on the Deploy on hardware
button in the right top corner of the model.

(223

() ¥

Read the messages at the bottom status bar of the model to confirm that the model is
successfully downloaded to the target. See the robot moving in the input trajectory.

In this case, the radius of curvature is quite large, and for short distances, the Zumo
Robot almost appears to move in a straight line.

Now let us modify the input velocity 'v' to 10 cm/s and 'omega' to 1.5 rad/s. Note that
you can change the value of 'v' and 'omega' by double clicking on the respective
blocks and modifying the constant value parameter. Generate and download the code
for the modified model into the Arduino once again.

In this situation the radius of curvature is comparatively smaller, and the Zumo Robot
appears to constantly make a sharp turn.
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