Matlab-Simulink

tutor'lalspolnt

S I MPLYEASYLEARNINILG

www.tutorialspoint.com

n https://www.facebook.com/tutorialspointindia j https://twitter.com/tutorialspoint



MATLAB Simulink

About the Tutorial

MATLAB (Matrix Laboratory) is a programming language developed by a computer
software company MathWorks. Simulink is a simulation and model-based design
environment for dynamic and embedded systems, which are integrated with MATLAB.
Simulink is also developed by MathWorks. This tutorial is designed to give students
fluency in MATLAB Simulink. Problem-based examples have also been given in simple and
easy way to make your learning fast and effective.

Audience

This tutorial has been prepared for the beginners to help them understand basic to
advanced functionality of MATLAB Simulink. After completing this tutorial you will find
yourself at a moderate level of expertise in using Simulink from where you can take
yourself to next levels.

Prerequisites

We assume you have a little knowledge of any computer programming and understand
concepts like variables, constants, expression, statements, etc. If you have done
programming in any other high-level programming language like C, C++ or Java, then it
will be very much beneficial and learning MATLAB Simulink will be like a fun for you.

Copyright & Disclaimer

© Copyright 2021 by Tutorials Point (I) Pvt. Ltd.

All the content and graphics published in this e-book are the property of Tutorials Point (I)
Pvt. Ltd. The user of this e-book is prohibited to reuse, retain, copy, distribute or republish
any contents or a part of contents of this e-book in any manner without written consent
of the publisher.

We strive to update the contents of our website and tutorials as timely and as precisely as
possible, however, the contents may contain inaccuracies or errors. Tutorials Point (I) Pvt.
Ltd. provides no guarantee regarding the accuracy, timeliness or completeness of our
website or its contents including this tutorial. If you discover any errors on our website or
in this tutorial, please notify us at contact@tutorialspoint.com
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1. MATLAB Simulink — Introduction

Simulink is a simulation and model-based design environment for dynamic and embedded
systems, which are integrated with MATLAB. Simulink was developed by a computer
software company MathWorks.

It is a data flow graphical programming language tool for modelling, simulating and
analysing multi-domain dynamic systems. It is basically a graphical block diagramming
tool with a customisable set of block libraries.

Furthermore, it allows you to incorporate MATLAB algorithms into models as well as export
the simulation results into MATLAB for further analysis.

Simulink supports the following:

e System-level design.
e Simulation.
e Automatic code generation.

e Testing and verification of embedded systems.

To get started with Simulink, type simulink in the command window as shown below:

| o
@ ':D:"iﬁupload %=] Go to File % @ B-j.l: @ [EJ F
Mew

New MNew Diownload [‘a Find Files |mport Clear Favorites Clear Simulink | La
Script  Live Script = Data Workspace = - Commands «

FILE WARIABLE CODE SINIUILIMEC
Bl 3/ s MATLAE Drive »
¥ CURRENT FOLDER @ | »» simulink

Name b
[ Published

EI firstmfile m
a matrix.m

) MaxNumber.m

L

A mymax.m

v WORKSPACE Q9

Mame Value Size Class

It will open the Simulink page as shown below:
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MATLAB Simulink

Simulink Start Page —
New Examples
3 Open.. ‘ ‘ Al v E
Recent
> My Templates Learn More
Learn )
v Simulink
[Pg Simulink Onramp
Ea Stateflow Onramp
iIc = gt
1]
Blank Model Blank Subsystem Blank Library Digital Filter
B B P iid
Feedback Controller Fixed-step HDL Code Generation Signal Processing
Show more
> DSP System Toolbox
&
m]

Starting Simulink.

You can also make use of Simulink icon present in MATLAB to get started with Simulink:

| HOME
= 53 & -
Ii_Enl._,-l m I:II:II:I {f_| Upload %=| Go to File & @ L'ﬁ L.Q lbil E @ Areferences f%
New MNew Mew Download ['a Find Files = Import Clear Favorites Clear Simulink || Layout ““ Harallel ~ Add-Ons
Script  Live Script = Data Workspace = = Commands |+ -
FILE WVARIABLE CODE SIMULIN RONMENT
B 3 1 » MATLABDrive »
When you start Simulink, you are navigated to the start page as shown below:
Simulink Start Page —
New Examples
[ Open Al v m
Recent
> My Templates Learn More
Learn -
~ Simulink
[Fg Simulink Onramp
fp Stateflow Onramp
12 )
G
i <] 5
]
Blank Model Blank Subsystem Blank Library Digital Filter
S e e % i
. =
Feedback Controller Fixed-step HDL Code Generation Signal Processing
Show more
=
> DSP System Toolbox
&
m

Here you can create your own model, and also make use of the existing templates.
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MATLAB Simulink

Click on the Blank Model and you will get a Simulink library browser that can be used to
create your own model.

The screen for Blank model is as follows:

untitled - Simulink —
SIMULATION DEBUG MODELING FORMAT
I:ll:'l:I Stop Time
[ Open ~
I LIBRARY 2 ~ ||| Norma ~ REVIEW
New 5] Ssave Step RESULTS
- Back = b
- -
FILE PREPARE SIMULATE
5 untitled B -
g 3
2l e ;
2 5
o g
T @ 5
g o
3l e
(=g
g
=
(Il
Ready 100% VariableStepAuto

Click on Library and it will display you the Simulink library as shown below:

Simulink Library Browser —
<« Enter search term | = ‘%-L" Iﬂv e g @

Simulink/Commonly Used Blocks

* Simulink - -
Commonly Used Blocks } )%
Continuous
Bus Bus
Dashboard
. o Creator Selector
Discontinuities
Discrete
- . . 1 convert
Logic and Bit Operations p Y P
Lookup Tables Constant Data Type Conversion
Math Operations
Messages & Events yztp i
Model Verification
Model-Wide Utilities Delay Demux
Ports & Subsystems KT
Signal Attributes b Rl 4 4>}
?,glnal Routing - Discrete-Time Gain
1 4 Intearator b’

The Simulink library browsers is a collection of many libraries. It offers Commonly Used
Blocks, Continuous, Dashboard, Logic and Bit Operation, Math Operations etc.
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MATLAB Simulink

Besides that, you will get other library list like Control system toolbox, DSP system toolbox
etc.

Simulink Library Browser —
S Enter search term |- *h - @. *+ O l.,?_)
Simulink/Logic and Bit Operations
String = — o
. Binmza
User-Defined Functions Clear sel AND
- : A bio P A bio P Y p
b Additional Math & Discrete DxD4
P Quick Insert Bit Clear Bit Set Bitwise
b Control System Toolbox Operator
kP DSP System Toolbox
kP DSP System Toolbox HDL Supp B
R R B N = <=0
P Fixed-Point Designer 2 [] 4 ? 4 2 4
: ﬁ;l.l,_l ggg:: Support Package for Combinatorial Compare Compare
Logic To Constant To Zero
Instrument Control Toolbox
SimEvents U=n U==0 U==0
Simulink 3D Animation ’ f”:‘f‘g > b &:EE P ’ Ii;'fﬂ >
P Simulink Coder
» Simulink Design Verifier Detect Fall Detect Fall Detect Rise
SRl SSSS - 3 Megative Monpositive  Monnegative

Here is an example of Math operations library list:

Simulink Library Browser —

{::l Enter search term |- %{v @,v e s 4 l.,?_..-l

Simulink/Math Operations

* Simulink - ¥ -
Commonly Used Blocks A lul b J. P
Continuous
Dashboard Abs Add
Discontinuities cotve yvo
Discrete A r=0 P b [ A vp

Logic and Bit Operations
Lookup Tables

oo b J

Messages & Events duy

Algebraic Constraint Assignment

Model Verification Bias Complex to
Model-Wide Utilities Magnitude-Angle
Ports & Subsystems
. - Ay A=
S!gnal Attrlt_:nute5 ¥, < J: P
Signal Routing -
q =t y Complex to Divide -
4
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MATLAB Simulink

It has Abs, Add, Algebraic Constraint, Assignment etc. that you can make use in your
model.

Given below is an example of Logic and Bit Operations:

Simulink Library Browser —— I

'CZI Enter search term |- a%.gv @, * - @

Simulink/Logic and Bit Operations

* Simulink = Bitwise 3
cl Se
Commonly Used Blocks b el A oo P N aND
Continuous 0xD9
Dashboard Bit Clear Bit Set Bitwise
Discontinuities Operator
Discrete
Logic and Bit Operations
1id =C =0
Lookup Tables : ) [] ¢ 1=c°p 1=°p -
Math Operations | Combinatorial  Compare Compare J
Messages & Events Logic To Constant To Zero I
Model Verification g
Model-Wide Utilities =0 U==0 U==0
& NOT & NOT & NOT
Ports & Su!::sys.tems ) iz =0 4 ’ Wiz <= 0 P 3 Wz =0 P
Signal Attributes
signal Routing Detect Fall Detect Fall Detect Rise
q e : = MNegative Monpositive  Nonnegative
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2. MATLAB Simulink — Environment Setup

MATLAB simulink is a MATLAB product and to work with it, we need to download MATLAB.

The official website of matlab is https://www.mathworks.com/

The following page will appear on your screen:

‘MathWorks* Products ~Solutions Academia Support Community Events

COVID-19R&D

MATLAB for Artificial Intelligence

Design Al models and Al-driven systems

Machine Leaming Deep Leamning Reinforcement Learning

To download MATLAB go to https://in.mathworks.com/downloads/ as shown below:

X @ in.mathworks.com/downloads/ T @ N
4 MathWorks-
Downloads
FAQ ~  Download & Install Troubleshooting t. Contact support

Get Trial Software

Get Latest Release

Try MATLAB, Simulink, and Other
Products

R202]1a

»  Leamn More

§ Download R2021a

» Create a trial
» Download an existing trial

Click here to download any MathWorks release

MATLAB is not free to download and you need to pay for the licensed copy. Later on you
can download it.

w tutorialspoint
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] @ in.mathworks.com/downloads/message/error_page?error=no_active_licenses ¥ @

4\ MathWorks:

Downloads

FAQ ~  Download & Install Troubleshooting t. Contact support

A To download products and updates, link a license to your MathWorks Account.

Visit the license center to link to a license. Alternatively, you can get a trial

A free trial version is available for which you have to create a login for your respective
account. Once an account is created, they allow you to download MATLAB and also an
online version for a trial of 30 days’ license.

Get Trial Software

Try MATLAE, Simulink, and Other
Froducts

» Create a trial
» Download an existing trial

Once you are done with the creating a login from their website, download MATLAB and
install on your system. Then, start MATLAB or you can also make use of their online
version.

Simulink comes in-built with MATLAB. Once you install MATLAB, you will get Simulink as
shown below:

HOME PLOTS APPS °
r New Variable > [ =Y % Communi
@ o 3 1] Upload =] Go to File &. Ha o Coe Lz [*a) == @ Preferences [% @ %«S @
Simulink  [Layout [[[] Parallel ~ Add-Ons  Help (o) G izat
- - « [ Lesrn MATLAR
SIMULINK ENVIRONMENT RESQURCES

HF Open Varisble =

New  New  Mew Open Downlosd [ Find Files  Import  Save Favorites Clear

Script Live Script » = Data Workspace [ Clear Workspace ~ ~  Commands ~
FILE VARIABLE CODE
B ©/ » MATLABDrive »
Current Folder 3>

iiName i:Value ii Size iiClass

@ tutorialspoint
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3. MATLAB Simulink — Starting Simulink

In this chapter, we will understand about using Simulink to build models.

Here is a MATLAB display:

HOME Seal acumel
r New Variable 3 Communi
B D e acen & b BN P [ ) T gene B @ S
New  New New Open | Dounioee [ Find Files | Import  Save EIMEELIR ™ Favarites Clear Simulink  Layout [[[] Parsllel ~ Add-Ons  Help Fecbad
Script LiveScript v v Dsts Workepsca Zf ClearWorkspace ~ v Commands v - - v [ LeamMATLAB

FILE VARIABLE CODE SIMULINK ENVIRONMENT RESOURCES

F 35 » MATLAB Drve »
¥ Current Folder O |

Name =

* [ session
[3 Published

[ addmodel six
B firstmiile.m
[l forloop.shx

[ iflese six

) matrixm

£ MaxNumber.m

¥ Workspace (]

i Name iiValue ii Size iiClass

You can start Simulink by using simulink command in the MATLAB command window as
shown below:

#» simulink

Click on enter to open the Simulink startup page as shown below:

' tutorialspoint
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MATLAB Simulink

Simulink Start Page - %
New Examples
[ Open | ‘ Al w E
Recent Learn More

> My Templates
ﬁ /MATLAB Drive/testior.skx

¥ Simulink
“i IMATLAB Drive/signalprocessin...

Py, IMATLAB Drivefiflese six 2

+2, IMATLAB Drive/addmodel sbc % @ Eg 7 Ny
Learn g < g @

o
[ simulink Onramp Blank Model Blank Subsystem Blank Library Project from Git

B stateflow Onramp

8=e " o= "

Project from SVN Digital Filter Feedback Controller Fixed-step
Show more

> DSP System Toolbox

You can also open Simulink from MATLAB interface directly by clicking on Simulink icon as
shown below:

| e L
HE PO d B O b s Te & @&

New Mew Mew Open [q Impart Save B~ Favorites Clear Layout [l + Add-Ons = Help @
Script Live Script - Data Workspace @ = = Commands v =~ = > H
FILE VARIABLE CODE ENVIROMMENT RESOURCES

B ¥ 7 s MATLAB Drive »

Current Folder »> simulink

Name = >

[ addmodel skx
%) firstmfilem
%] forloop.shx

[ iflese.six
P

Workspacs

:: Name ::Value i Size

When you click on the Simulink icon, it will take you to a Simulink startup page, as shown
below:
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MATLAB Simulink

Simulink Start Page - %
New Examples
[ Open | ‘ Al w E
Recent Learn More

> My Templates
ﬁ /MATLAB Drive/testior.skx

¥ Simulink
“i IMATLAB Drive/signalprocessin...

bi IMATLAB Drive/iflese shx '4-3
‘1 /MATLAB Drive/addmodel six % fm D Ei
D B 5]

& X
& P

o
[ simulink Onramp Blank Model Blank Subsystem Blank Library Project from Git

g=e : == IC

Project from SVN Digital Filter Feedback Controller Fixed-step

B stateflow Onramp

Show more

> DSP System Toolbox

The startup page has a blank model, subsystem, library to start the model from scratch.
There are also some built-in templates that can help the users to start with.

To create a model, the user can click on blank model and it will display a page as shown
below:

untitled - Simulink - O %
SIMULATION DEBUG MODELING FORMAT
HE Stop Time
Ell:llj [ Open ~ (5[5 E
New [ save ~ Library Signal ~ ||| Norma T step
- Browser Table Back v -
FILE LIERARY FPREFARE SIMULATE

5 untitled
5 @
o
5«
(=]
2=

=

[l

Click on Save to save your model. The blocks to build your model are available inside the
Simulink library browser.

Click on library browser as shown below:

10
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untitled - Simulink

MATLAB Simulink

SIMULATION DEBUG MODELING FORMAT
|f|:',:| Stop Time =
Open |
- LIBRARY g ™ ||| Norma = REVIEW
New 5] save « Step RESULTS
- Back =
v w
FILE PREPARE SIMULATE
‘a Eg ?
u [=]
5 @ E
2 5
@ <
3T @ s
Eﬂ o
3 4
q
o
=
(=]
[
Ready 100% VariableStepAuto

The library browser has a list of all types of libraries with different blocks as shown below:

Simulink Library Browser — 0O
'Q:l Enter search term - 1%* - @ L= = @
Simulink/Commonly Used Blocks
* Simulink < <
Commonly Used Blocks } %
Continuous
¢ Dashboard Bus Bus
. S Creator Selector
Discontinuities
Discrete
) , . 1 convert
Logic and Bit Operations P Y P
Lookup Tables Constant Data Type Conversion
Math Operations
Messages & Events yzt p )t
Model Verification
Model-Wide Utilities Delay Demux
Ports & Subsystems KT
Signal Attributes ) ey p 4>>
f!‘—"'!‘a' Routing - Discrete-Time Gain
1 4 Intearator b

Libraries in Simulink

Let us understand some of the commonly used libraries in Simulink.

Continuous

A continuous blocks library gives you blocks related to derivatives and integrations. The

list of blocks are as follows:

tutorialspoint
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Simulink Library Browser

MATLAB Simulink

-CZI Enter search term

Simulink/Continuous

Commonly Used Blocks
Dashboard
Discontinuities
Discrete

Logic and Bit Operations
Lookup Tables

Math Operations
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes

Signal Routing

Dashboard

v-l%j.v Iﬂv-jv@

* Simulink <

An
X P

Derivative

Entity First Order Hold
Transport Delay
] 1 xp
2 5 p Au g e [y
Integrator Integrator,
Second-Order
. .k — b’

Ei= Ax+ Bu
v=Cr+ the

L4
N

Descriptor State-Space

A, b

With Dashboard, you will get controls and indicator blocks that help to interact with
simulations. The following screen will appear on your computer:

Simulink Library Browser

'f..':' Enter search term

Simulink/Dashboard

* Simulink -

Commonly Used Blocks
Continuous
Discontinuities
Discrete

Logic and Bit Operations
Lookup Tables

Math Operations
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes

Signal Routing

v%,‘Lv Iﬂv-jv@

Callback Button

&

Check Box

Circular Gauge

(1Y

Discontinuities

¥

tutorialspoint
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MATLAB Simulink

Here, you will get a list of discontinuous functions blocks as displayed below:

Simulink Library Browser -
<& Enter search term |« *h - @. * 9w l.,?_)
Simulink/Discontinuities
* Simulink = <
Commonly Used Blocks }'5 >
Continuous Backlash
Dashhoard acklas
Discrete 4
Logic and Bit Operations coulomb &

Lookup Tables
Math Operations

Viscous Friction

Messages & Events 3 ! 5
Model Verification
Model-Wide Utilities Dead Zone

Ports & Subsystems Yop
Signal Attributes Hu /—/ -
Signal Routing = Ao

r e ; Dead Zone

e rem = pmem |

Discrete

Here, you will get time relation function blocks as shown below:

Simulink Library Browser —
= Enter search term | = ‘%'L - @, i l._?_)
Simulink/Discrete
* Simulink - &
Commonly Used Blocks Y z?2 b
Continuous
Dashboard Delay
Discontinuities
Y = b
Logic and Bit Operations -
Lookup Tables Difference
Math Operations
Messages & Events y RED
Model Verification sz
Model-Wide Utilities Discrete Derivative
Ports & Subsystems
Signal Attributes y —
signal Routing = 1405271
F - v Discrete Filter -

Logic and Bit Operations

13
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In this category, you will get all logical and relational type blocks as displayed below:

MATLAB Simulink

Simulink Library Browser 'y
(=) Enter search term |« "%J‘ - Iﬂ, v g l.,,?_...l
Simulink/Logic and Bit Operations
* Simulink - B =
Commonly Used Blocks 3 ‘-;'i?‘éf > 3 bsit‘?:] b Y anp
Continuous 0xD9
Dashboard Bit Clear Bit Set Bitwise
Discontinuities Operator
Discrete
Logic and Bit Operations _ _
Lookup Tables 2 [”:] 4 1=<p 1="p
E:E;D F:rzt';:sn ts Combinatorial Compare Compare
Model ?u"erificatiﬂn Logic To Constant To Zero
Model-Wide Utilities U= U==0 U==0
Ports & Subsystems ) if”‘}g P ? UE} ”C’E 4 UE} ”"}E
< Z o= Fa
Signal Attributes
signal Routing Detect Fall Detect Fall  Detect Rise
g E— ; b Megative Monpositive  Monnegative
Lookup Tables
You will all the sine, cosine function blocks as shown below:
Simulink Library Browser x
Enter search term |« |9 » v v (2
e= E ht Ry v | [l @
Simulink/Lookup Tables
¥ Simulink = 1D T(u) 2-D T(u) =
Commonly Used Blocks Jui
Continuous ) P p Au cos(zipiu)
Dashboard Au2
D!SEDHtIHLIItIES 1-D Lookup 2-D Lookup Cosine
Discrete . ) Table Table
Logic and Bit Operations
Lookup Tables y Tlk] Y MOTED Ax
Math Operations b )::2 5 Y xdlat ¥
Messages & Events b grz Yydat
Model Verification | = :
Madel-Wide Utilities Direct Lookup  Interpolation Lookup
Ports & Subsystems Table (n-D)  Using Prelookup Table
signal Attributes Dynamic
?!gpal Routing = Yu1 -0 T{u) " b
1 4 2 Fr: [ K iaa I ind2ani b
Math Operations
14
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MATLAB Simulink

All mathematical operations like Add, Absolute, divide, subtract are available. The list is

as follows:

Simulink Library Browser

<@

Simulink/Math Operations

Enter search term

* Simulink
Commonly Used Blocks
Continuous
Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing

Messages and Events

v%,‘kv Iﬂvgv@

N [ul

Abs

b i

Solve

flzh=

L}]

i'd

Algebraic Constraint

>

u+0.0

Bias

h

P
p

Complex to

Add

Ao
Hyu

Assignment

|ulfy
} Fi }

A \r}

Complex to
Magnitude-Angle

% b

Divide

This block has all the message/communication related functions as shown below:

Simulink Library Browser

@

Simulink/Messages & Events

Enter search term

* Simulink
Commonly Used Blocks
Continuous
Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Math Operations
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing

Model Verification

%)
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(el »

—

[ |

-

Messages &

Events

Examples

Examples

>

16

>

Queue

b

>4

>

Send

n

Hit Crossing Probe

=)

Receive

=

Seguence Viewer
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MATLAB Simulink

The blocks present here helps to self-verify models, such as Check Input Resolution. The
following screen will appear on your computer:

Simulink Library Browser

'CC.'ZI Enter search term - %{v @v e 4 @

Simulink/Model Verification

* Simulink -

Commonly Used Blocks
Continuous

Dashboard
Discontinuities
Discrete

Logic and Bit Operations
Lookup Tables

Math Operations
Messages & Events
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing

o

M max s
)4@ grnin G
Assertion Check
Dynamic Gap
o max a
Y min =N Y S
Hu
Check Check
Dynamic Range Static Gap
™ min
p Javavava . \
Check Check Dynamic

Lower Bound

Static Range

Model-Wide Utilities

This gives you blocks like Model info, Block Support Table etc. The following screen will

appear on your computer:
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Simulink Library Browser

{.':l Enter search term

Simulink/Model-Wide Utilities

* Simulink
Commonly Used Blocks
Continuous
Dashboard
Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Math Operations
Messages & Events
Model Verification

Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing

| Ay -

.4
Blv v @
Blnciaﬁ:pm mcj Model Info
Text
Block Support DocBlock Model Info

Table

T=1

Timed-Based Trigger-Based

Linearization Linearization

Ports and Subsystems

You will get blocks like a subsystem, switch case, enable etc. The list is displayed below:

Simulink Library Browser —
= Enter search term |« Jh - @. * 9w l.,_?,)
Simulink/Ports & Subsystems
* Simulink =
Commonly Used Blocks 1 1
Continuous -
Dashboard Atomic Subsystem
Discontinuities 4, )
Discrete "
Logic and Bit Operations CodeReuseSubsystem
Lookup Tables
Math Operations Master
Messages & Events -
Model Verification Configurable
Model-Wide Utilities Subsystem
Ports & Subsystems
Signal Attributes
?g.nal Routing Enable
1 ' LW LWl b
Signal Attributes
17
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Modify the signal attribute blocks such as Data Type Conversion. The following screen will

appear on your computer:

Simulink Library Browser

Q:' Enter search term

Simulink/Signal Attributes

Messages & Events A
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Routing
Sinks
Sources
String
User-Defined Functions
b Additional Math & Discrete
P Quick Insert
P Control System Toolbox
b DSP System Toolbox
» DSP System Toolbox HDL Suppi

1 4

Signal Routing

v%&vlﬂvﬁv@

b + [ ¥ convert

P

Bus to Vector

b Jsame
) " Carvert ¥ } oT
Data Type Data Type
Conversion Duplicate
Inherited
b =T Data Type
M Rel2 Propagation
A Prop Examples
Data Type Data Type

Propagation

Data Type Conversion

Propagation Examples

The blocks in this category is used to route signal blocks such as bus creator, switch etc.
The following screen will appear on your computer:

m tutorialspoint

Simulink Library Browser x
(=) Enter search term |« "%J‘ - Iﬂ, v g @
Simulink/Signal Routing
Messages & Events A =
Model Verification InBus - signall i " OutBus . signall
Model-Wide Utilities
Parts & Subsystems Bus Element In  Bus Element Out
Signal Attributes JBus Bus b
Signal Routing 3= signall
Sinks Bus Bus
Sources Assignment Creator
String
User-Defined Functions % A
b Additional Math & Discrete —
b Quick Insert Bus Data Store
b Control System Toolbox Selector Memory
b DSP System Toolbox o0 Sioba)
b DSP System Toolbox HDL Suppi _ A P A
1 r Data Store Data Store 4
18
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Sinks

The blocks in this category help to display or export signal data blocks such as Scope and
To Workspace. The following screen will appear on your computer:

Simulink Library Browser —
{:3 Enter search term |+ %4. - @, v @
Simulink/Sinks

Messages & Events -

Model Verification }:l ) M@ tuitus signall

Model-Wide Utilities
Ports & Subsystems
Signal Attributes

Signal Routing ]
1
Sinks X2 > sTOP

Display Floating COut Bus Element
Scope

Sources outl Scope Stop Simulation
String
User-Defined Functions | ) untitled.mat Y simout

b Additional Math & Discrete

» Quick Insert Terminator To File To Workspace

kb Control System Toolbox

b DSP System Toolbox

b DSP System Toolbox HDL Supp:
a- T T y

W

XY Graph

Sources

It helps to generate or import data blocks. For example, sine wave. The following screen
will appear on your computer:

19
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-C:I Enter search term
Simulink/Sources
Messages & Events A

Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
' Sinks
String
User-Defined Functions
b Additional Math & Discrete
P Quick Insert
kP Control System Toolbox
P DSP System Toolbox

"%‘Lv Ev-jv@

lp

Band-Limited
White Moise

G

Clock

Ay

Counter
Free-Running

b

Chirp Signal

Constant

T

A P

Counter
Limited

» DSP System Toolbox HDL Suppi _ 1234 b SIDemoSign.Positive
1 4 Diaital Clack Enumerated b
String

This category has string related blocks as shown below:

Simulink Library Browser

'C:' Enter search term

Simulink/String

Messages & Events A
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
Sources
User-Defined Functions
k Additional Math & Discrete
F Quick Insert
b Control System Toolbox
b DSP System Toolbox
b DSP System Toolbox HDL Supp: _

—

1 4

v%,‘kv Ev-jv@

) ASCH —» slring  [»

ASCII to String

=Can d >

LN

LY.l

Scan 5tring

b
A

“abe" ey b

Compose
yr sdwe P

Compose String

A abereaper b

3

String Compare

"Hallo!™ [

String Concatenate String Constant

Astr s gman

¥ TIF [
Hsub T

String Contains

st
taBeldaBe o by
N sub

String Count

User Defined functions
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Custom function blocks such as MATLAB Function, MATLAB System, Simulink Function,
and Initialize Function. The following screen will appear on your computer:

Simulink Library Browser — w
{.'3 Enter search term |« &.L - @, * O L_?_.J
Simulink/User-Defined Functions
Messages & Events o -
Model Verification <FunclionNames C
Model-Wide Utilities
Ports & Subsystems :
Signal Attributes C Caller C Function
Signal Routing
. caller ]
Sinks No o vb (1) initalize
Sources
string . . Function Caller Initialize Function
User-Defined Functions
b Additional Math & Discrete | -
b Quick Insert ) M:ﬁfg Fen P o matlabfile [»
kb Control System Toolbox
¥ DSP System Toolbox Interpreted MATLAB  Level-2 MATLAB
- 0T > — 3 -
21
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4. MATLAB Simulink — Blocks

In this chapter, we will learn about one of the basic elements in Simulink. These are termed
as blocks.

Blocks in Simulink helps to create models. You can make use of a Simulink library browser
that has different types of blocks for creating a model.

First, open a blank model. The display will be as shown below:

untitled - Simulink - O x
SIMULATION
Stop Time | 10.0
I:II:Il:I 5 Open ~ O Jigh > iy’ n
LIBRARY og ~ ||| Normal - o o REVIEW
New ] save - - Step Ru Step Stop RESULTS
- Igna @ Fast Restart Back « - Forward
w w
FILE PREFARE SIMULATE
5 untitled EE | =
] =]
5 ;
@ 2
I @ 5
g o
m
£ o
=]

:g b

]

™
Ready 100% VariableStepAuto

You can save your model by clicking on the Save button. Hence, your changes will be
saved successfully. Now, open the library browser to get the blocks into your model
canvas.

The two ways to select the blocks are as follows:

e Using Simulink browser library.

e Searching for block inside model canvas.

Simulink browser library

Open the Simulink library browser as shown below:
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Simulink Library Browser - 0O x|

Enter search term |~ | A9 v | [, v | T2l

Simulink
*Simuink B -

Commonly Used Blocks = H
- -
Continuous oT
# Dashboard

Discontinuities Additional Math  Commonly Continuous
Discrete & Discrete Used Blocks

Logic and Bit Operations

Lookup Tables ﬂT
Math Operations g

Messages & Events

Madel Verification Dashboard Discontinuities Discrete
Model-Wide Utilities
Ports & Subsystems A& == + -
signal Attributes ] [ - X
Signal Routing -
q sl y Logic and Bit Lookup Math =

If you looking for a specific block and don‘t know which library, you can search for it inside
the search block which is available as shown below:

Simulink Library Browser - 0O %
= sine |y Byror @ @

Search Results: sine
Page 1 of 1 (19 Blocks found)

T -
Cammnnly Used Blocks Yo costzpinn
Continuous
¢ Dashboard -
Discontinuities Cosine
Discrete
Logic and Bit Operations o singzepiu)
Lookup Tables
Math Operations Sine
Messages & Events
Model Verification
Model-Wide Utilities 1 \p
Ports & Subsystems
Signal Attributes - Sine Wave
Fl b Function -

Here, we got all the blocks related to Sine. You can also go inside the library and pick your
block.

Add block, Product block etc. The display will be as shown below:
23
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Simulink Library Browser - 0O %
= sine vl Bryor @ @
Simulink/Math Operations
¥ Simulink - ¥ =
Commonly Used Blocks X lul P ¥ b
Continuous
b Dashboard Abs Add
Discontinuities Solve Yvo
Discrete A =0 P Su &P
Logic and Bit Operations Algebraic Constraint Assignment
Lookup Tables
Math Operations Y w0 b lulpr
Messages & Events wh
Model Verification Bias Complex to
Model-Wide Utilities Magnitude-Angle
Ports & Subsystems X N
. - _.I,-—Fle o
S!gnal Attnt_:utEE 3, < J. b
Signal Routing -
r - y Complex to Divide -

To bring the block inside your model, you can select the block and drag it inside your

model, as shown below:

An example for the same is given below:

Simulink Library Browser - 0O %
| sine - |fy -
Simulink/Math Operations
¥ Simulink - " -
Commonly Used Blocks .
Continuous
» Dashbeard —
Discontinuities Yo
Discrete Ju & Yp
Logic and Bit Operations Algebraic Constraint Assignment
Lookup Tables
'
Messages & Events Lup
Maodel Verification Bias Complex to
Model-Wide Utilities Magnitude-Angle
Ports & Subsystems
Signal Attributes e p
Signal Routing = Y -
) ot 3 Complex to Divide =
Another way is to right click the block and add to your current model.
24
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Simulink Library Browser - 0O %
= sine ~ B rBEror @ @

Simulink/Math Operations

* Simulink <
Commonly Used Blocks
Continuous A Add block to medel untitled Ctrl+1
g D_aSth.E"d. , Help for the Abs block
Discontinuities Sa
Discrete A Go to parent Esc
Il:gg:(cuzn_:_:laalltegperatmns :AIgebraic Block parameters
: wH Sort in library model order
Messages & Events =%
Model Verification Bias Complex to
Model-Wide Utilities Magnitude-,&ng|e
Ports & Subsystems
Signal Attributes ){M P A% 3
Signal Routing =z np A
q = y Complex to Divide <

We have not saved our model. Hence, it comes as untitled. Now, you can add to the model
untitled. The block will be seen inside your mode.

Searching for block inside model canvas

Another way to add blocks to your model is to click inside the model and type the name
of the block. It will search in the library browser and list all the model as per what you
have typed.

An example for the same is given below:

E sine
Sine -
Simulink/Lookup Tables
Sine Wave
Simulink/Sources
Sine Wave
DSP System Toolbox HOL Support/Sources
Sine Wave
DSP System Toolbox/Sources
Sine Lookup
Simulink/Quick Insert{Lockup Tables

Sine Wawve Function

Simulink
Sine HDL Optimized
HDL Coder/Lookup Tables

Cosine =5Sine and Cosine=
Simulink/Lookup Takles

Blocks Actions (Ctrl+.)

25
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We have typed Sine and it displays all the blocks related to sine.
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5. MATLAB Simulink — Lines

In the previous chapter, we learnt about the different types of blocks which are available
with Simulink library. In this chapter, we are going to understand about lines.

Lines are used to connect the blocks with an arrow. Each block will have its own input and
output connector. The communication between the blocks will take place with the help of
lines.

Let us understand the same with an example. Select a blank model from Simulink page
as shown below:

Simulink Start Page

Examples
'E Open... |1?—: (=]
Recent
> My Templates
Learn - .
~ Simulink
[Ffp Simulink Onramp
Cp Stateflow Onramp
4
*a =
Vi
Blank Model Blank Subsystem
Feedback Controller Fixed-step
Show more

It will open a blank model workspace as shown below:
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untitled - Simulink
SIMULATION

FORMAT

DEBUG MODELING

1] Stop Time
9P 3 open ~ EE » ] = | I
New [ save ~ Library Signal e I Step Data e
- Browser Table Back - - Inspector
FILE LIBRARY PREFARE SIMULATE REVIEWRESULTS | &
5 untitled B | -
v 3
@ <
3@ Z
2 o
§ .
[=]
— g
O
«
Ready 100% VariableStepAuto

Click on Simulink Library browser to drag some blocks in the model workspace.

untitled - Simulink —
SIMULATION DEBUG MODELING FORMAT
(1] ] Stop Time
Of Cyopen - | A N ¢ 1= ‘ %
New 5] save « Library Signal M e Step Dala T
- Browser Table Back ~ = Inspector
FILE LIBRARY PREFPARE SIMULATE REVIEW RESULTS &
5 untitled B 1
] 5]
= b=
o m
2 g
o || — <
I @ s
E o
) 2
2
=
5|

Consider that in the model, we want to add two given numbers. So let us pick the Add
block, the display block and the constant block.

The constant block has one output connector, the Add block has two input connectors and
the display block has one input connector respectively. You can drag the link from one
output to another input as shown below.

Here, we have two constants with values 10 and 20. They are connected to the add block
with lines. The add block is connected to display with a line.
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10 b

20 b

When the lines are connected, the display is as follows:

10

|

-+
[ -
20

Now click on Run to see the result in the display block. It will add 10 + 20 to give the
result as 30 in the display block.

FORMAT

MODELING

SIMULATION DEBUG

i Stop Time |10.0 -
25 opn - B8 & 4o p A
New [ save - Library signal | Y| [Nomal v ] g | gn Step Data M
- Browser Table mg@ Fast Restart Back - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
5 untitled ==
o
2 ] D To create a connection, click a port, terminator, or line segment, and then click a compatible, highlighted model X
@ =" element. More information. Do not show again
AR
o
==
=
L+
0
«
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6. MATLAB Simulink — Build & Simulate Model

We have seen the Simulink library browser and the blocks available in the library list. In
this chapter, we are going to use the blocks to build a simple sine wave model.

Open Simulink and click on blank model as shown below:

Simulink Start Page - X
New Examples
(5 Open. | Search ‘ All VE
Recent Learn More

> My Templates

Learn

~ Simulink
[Pg Simulink Onramp
Fp stateflow Onramp
Create Mogel @ %% a ' m —_—
o
Blank Model v Blank Subsystem Blank Library Digital Filter
e HIE T .}i Yid
Feedback Controller Fixed-step HDL Code Generation Signal Processing

The blank model will open a blank popup window as shown below:

untitled - Simulink ——
SIMULATION MODELING
Stop Time  10.0
I:Il:ll:I [ Open =) Jigh - iy’ u
1 w ||| Normal - _ : : REVIEW
New [ save -  LIBRARY -od Step  Rur Step St RESULTS
- - @ Fast Restart Back « - WA
b4 hd —
FILE PREPARE SIMULATE ry
5 untitled ] -
n o
P :
@\ = <
I @ 5
s kS
i 2
[=]
— =
1
Ready 100% VariableStepAuto
S—
Now, open the Simulink Library browser so that we can select the blocks.
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untitled - Simulink - x|
SIMULATION = Simulink Library Browser - %
EEII:' =0 : Stop Time I - Enter search term |+ (A »
- é S:e . T . ~ ||| Normal - ST.e-p Simulink
- . Back v~ | simuink B 2
FILE PREPARE SIMULATE Commeonly Used Blocks
5 untitled EZ:EE:;:J; E '2
g @ Discontinuities Additional Math  Commonly Continuous
@ Discrete & Discrete Used Blocks
E @ Logic and Bit Operations
EO & ILVIatll('l Dp;;rerzltions %T ‘.-1 !!g
Messages & Events
= Model Verification Dashboard  Discontinuities Discrete
Model-Wide Utilities
orts ubsystems -
:igrzal&Aitrib:tets
ignal Routin:
Ready"j 100% < 5-9. Routing o 7| Logic and Bit Lookup Mat!\ =
The following screen will appear on your computer:
Simulink Library Browser m—
= Enter searchterm |~ |A v | Fl v v (3
Simulink/Sources
Ports & Subsystems = LT T =
Signal Attributes Repeating Repeating
Signal Routing Sequence Sequence
Sinks Interpolated Stair
S 1 Seenarin
String L sigrali = Signalll
, . . S
User-Defined Functions : I ™ - T Edi
b Additional Math & Discrete Signal Builder Signal Editor
b Quick Insert oooo (\! .
b Control System Toolbox 0o p
b DSP System Toolbox signal Sine Wave
k D_SP SysFem T-:u?lbnx HDL Supp: Generator
b Fixed-Point Designer
F GPU Coder Support Package for b w,,
¢ HDL Coder -
) — =t , Step Uniform Random -

To move the sine wave to your model, select the block and drag it inside your model
workspace. We want to display the sine wave and here, we have taken four sign wave in
our model workspace as shown below:
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untitled * - Simulink —
SIMULATION DEBUG MODELING FORMAT APPS
U Stop Time | 10.0 () -
T oo - BB 5y y sl @ @ B %
New [ save ~ Library T MNomal <] g R swp Data -
- Browser mg Fast Restart Back - - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
5 untitled B v
0 -~ o
@ g
3 @ ]
2 =]
- o}
g
= !
&=
=
«
Ready 100% VariableStepAuto

Now we want to display the output of the signal, so let us use a Scope block from sinks
library as shown below:

Simulink Library Browser .
=) Enter search term |« [#9 -

Simulink/Sinks

Ports & Subsystems =
Signal Attributes | J M@ Cutbss signall
Signal Routing

Display Floating  Out Bus Element
Scope

sources

string Y& O
: . sTOP
User-Defined Functions ’

b Additional Math & Discrete outl Scope Stop Simulation
b Quick Insert
Control System Toolbox 3= ) untitled. mat ¥ simout
DSP System Toolbox
DSP System Toolbox HDL Supp: Terminator To File To Workspace
Fixed-Point Designer

GPU Coder Support Package for
HDL Coder

1 r

b . . .

»
#
\
p

A

- XY Graph

Now select and drag the Scope block inside your model workspace.
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The sine wave has one output and the scope block has one input. We have four sine waves
displayed. We have to change the parameters of scope block to take four inputs.

Right click on scope block and click on Block Parameters and it will display the screen as
shown below:

Scope

File Tools View Simulation

@ ~ | <3| € Stepping Options |, ~ [I]~ &# [F~

Sample based
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Go to settings icon and change the input parameter from 1 to 4 as shown below:

Configuration Properties: Scope : : -

Main | Time @ Display @ Logging

Open at simulation start

Display the full path

Number of input ports: |4 Layout
Sample time: -1

Input processing: Elements as channels (sample based) -
Maximize axes: Off v
Axes scaling: Manual - | Configure ...

2

Click on Apply to save the changes.

Let us now connect the sine wave to the scope block with arrows as shown below:

LA A J

ne

< 1< <€

We would like to change the frequency of each sine wave to a different one, so that we
get a signal graph of different frequencies.

So right click on sine wave and open the Sine wave block parameters as shown below:
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Block Parameters: Sine Wave

Sine Wave

Output a sine wave:

O(t) = Amp*Sin(Freg*t+Phase) + Bias

Sine type determines the computational technigue used. The

parameters in the two types are related through:

Samples per period = 2*pi / (Frequency * Sample time)

Number of offset samples = Phase * Samples per period / (2*pi)

Use the sample-based sine type if numerical problems due to
running for large times (e.g. overflow in absolute time) occur.

Parameters
Sine type: Time based

Time (£): | Use simulation time

Amplitude:
1

Bias:
]

Freguency (rad/sec):
3

Phase (rad):
0

We are going to keep the amplitude as 1 for all sine waves and the frequency of the first

sine wave is 1, second one is 3, third one is 6 and the last one is 10.

Click on the Run button as shown below to see the sine wave.
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=3 - - - o
untitled * - Simulink —

SISIEEETeoro) |

SIMULATION

DEBUG MODELING FORMAT

FE Stop Time | 10.0 4 \ ‘
bF CSopen ~ B — q& O] > A
New [ save ~ Library T || Loorme ~ 1 step Run Step Data
- Browser @ Fast Restart Back « - Forward Inspector
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
5 untitled = bl
w o
@ <
3 X 2
g o
&
[=]
= S
=)
Y

Open the scope block parameters to see the sine wave as shown below:

Scope -

File Tools View Simulation

G- BOP - a3 F &

Feady Sample based T=10.000
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7. MATLAB Simulink — Signals Processing

In this chapter, we will understand the signals generation in Simulink.

To start with, select a blank model from Simulink page and open Simulink browser library
as shown below:

untitled - Simulink

SIMULATION
ED:I HE E Stop Time  10.0 N > = 7 @
3 Open =~ O[S =) = - ks Ul K =
New [ save Library Log Ade Signal =i - Step Ru Step Stop Data Logic
- Browser igna Viewe Table @ Fast Restart Back v = Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIE
& untitled
in
2 S
E o Simulink Library Browser - O x
E Q <A ‘ Enter search term |~ | "E\ -
2 |
= [£3 Simulink/Sources
= Logic and Bit Operations -] I g I A e
Lookup Tables Signal Builder Signal Editor

<]

Model Verification .
Model-Wide Utilities signal Sine Wave
Ports & Subsystems Generator

Signal Attributes
Signal Routing

Math Operations T
& Messages & Events
O

=

I}
Sinks Step Uniform Random
Mo
String
User-Defined Functions m
» Additional Math & Discrete
P Quick Insert - Waveform
I | Ty Generator -
(&
«
Ready 100%

In sources library, you will get a signal generator symbol. It will help us to create different
types of signals.
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Simulink Library Browser

{.‘:l Enter search term - '%Lv
Simulink/Sources

Logic and Bit Operations =
Lockup Tables
Math Operations
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sinks
String
User-Defined Functions
F Additional Math & Discrete
P Quick Insert

) >

E _.L_.....‘r = —
Signal Builder Signal Editor
Dooo
an [ AV e
Signal Sine Wawve
Generator
3 Wb
Step Uniform Random
Mumber
[
Waveform
Generator -

Select the Signal Generator and drag it to get inside the blank model as shown below:

oooo
an

Signal
Generator

To see the output of the signal generator, we need one more block called scope from sinks

library as shown below:
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MATLAB Simulink

Simulink/Sinks

Logic and Bit Operations =
Lookup Tables
Math Operations
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing
Sources
String
User-Defined Functions
b Additional Math & Discrete
B Quick Insert

] >

-’JZI Enter search term | &{v Eﬂ,v e =

)

y |

Display

XD

Outl

Stop Simulation

¥ simout

To Workspace

]

Floating
Scope

Terminator

X

).

Record

>3

i
#
b
p

A

Graph

i OutBus _signall

Out Bus Element

()

Scope

) untitled mat

To File

Select the block and drag it to get inside the model.

oooo
aa

Double click on signal generator or right click and select block parameters and it will display

a screen as shown below:
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Block Parameters: Signal Generator - %

Signal Generator

Output various wave forms:
¥Y(t) = Amp*Waveform(Freq, t)

Parameters
Wave form:
Time (t): |ug ~949"€
| sawtooth

Amplitude:

random
1 B
Frequency:
1 B
Units: |radfsec - |

v| Interpret vector parameters as 1-D

9 oK H Cancel || Help || Apply

The signal generator can show waveforms like sine, square, sawtooth, random. We will

select the square waveform. Let the amplitude and frequency be as 1. Click on OK to
update the changes made.

Now, connect the lines between signal generator and scope block as shown below:

I]ﬂIIInEI 1} D

¥

Now click on Run button to see the square waveform as shown below:
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Scope - x|

File Tools View Simulation

@-BOP = 2-aQ-3- F &

oooo
a0

Feady Sample bazed T=10.000

Let us now try the sawtooth wave form. Right click signal generator or double click and
change the waveform to sawtooth.

Block Parameters: Signal Generator - x

Signal Generator

Output various wave forms:
Y(t) = Amp*Waveform(Freq, t}

Parameters

Wave form: | sawtooth -

oooo Time (t): Use simulation time -
L= I e —

Sig Amplitude:
o 1

Frequency:
2
Units: | rad/sec v

¥| Interpret vector parameters as 1-D

9 oK Cancel Help Apply

4 rurwr

Let us change the frequency to 2. Click on OK to update the changes. Now run the model
to see the changes as shown below:
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Scope —wxf

File Tools View Simulation

@-BOQP =~ =& C- §& A

oooo
oo

Ready Sample based T=10000 ||

= = r m r 7 —

Let us now add some more signals to the above model. We will take the step signal from
the sources library as shown below:

DDDIJD 1} C]

P

We just have one input for the scope block. Let us increase it to 2 inputs. Right click and
open the block parameters.
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Configuration Properties: Scope - X

Main | Time  Display Logging

Open at simulation start

Display the full path

Number of input ports: |2

Sample time:
Input processing:
Maximize axes:

Axes scaling:

Layout

-1

Elements as channels (sample based) -
Off -

Manual

Scale axes limits at stop

Y-axis

Data range (%): 80

Align: Center -

Autoscale X-axis limits

J

Apply

Click on OK button to update the changes. Now, the scope block has 2 inputs as shown

below:

oooo
oo

e ¥

p

Connect the step input arrow with the scope arrow.
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oooo
an

Yy

il

Now click on Run button to run the model.

Scope
File Tools View Simulation

G- BOP = - F- FH-

| Generator

T=10.000

Sample based

Feady
You can add some more sighals and test the same.
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8. MATLAB Simulink — Adding Delay to Signals

We have learnt in the previous chapter about the different signal simulations. In this
chapter, we will learn how to add delay to the signals.

Let us take a blank model and add sine wave and scope block to it as shown below:

.

Ny

Let us now run the model to see the simulation in scope block. The sine wave is as shown
below:

FREFAHE SIMULAIE HEVIEW HES

Scope -

inection, click a port, terminator, or line segmen _, . ’ .
' [l ! g File Tools Wiew Simulation

G- 0P =~ "&£ &~

@ £l

Ready Sample based T=10.000

Let us now add delay for the sine wave. We will make use of transport delay block from
continuous library as shown below:
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Simulink Library Browser - 0O %
'C.‘Zl Enter search term - -l%ij @,v e I = @

Simulink/Continuous

* Simulink - PID Controller PID Controller (ZDOF) -
Commonly Used Blocks

S NN
¢ Dashboard y="=Cx+ Du s+ 1
D!SEDHtII‘iUItIES State-Space Transfer Fen
Discrete

Logic and Bit Operations p
Lookup Tables 7 p Nt P

Math Operations

Messages & Events Transport _‘u’ariable
Model Verification Delay Time Delay
Model-Wide Utilities 3 G
Ports & Subsystems 4_/\/> b i P
Signal Attributes bl —
signal Routing - Variable Zero-Pole
F - » Transport Delay -

Select the block and drag it in your model canvas. Now that we have the Transport delay
in our model, right click on it and open block parameters as shown below:
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Block Parameters: Transport Delay =

, click a port, terminat

Pt

Transport
Delay

Transport Delay

Apply specified delay to the input signal. Best accuracy is
achieved when the delay is larger than the simulation step size.

Parameters
Time delay:

1

Initial output:
0]

Initial buffer size:
1024
Use fixed buffer size
Direct feedthrough of input during linearization

Pade order (for linearization):
0

.,)- QK Cancel Help

Let us change the time delay from 1 to 3. Make the changes and click on OK button.

Now add one more input port to scope block. Right click on scope block and select the
signals and ports. Select 2 for number of input ports as shown below:

EIMPLYEAGSY LEARMNINIG

w \tutorialspoint

47



MATLAB Simulink

o g

Explore REVIEW RESULTS
Open

& cut Ctrl+X
By Copy Ctri+C

orli lement. More information. Do not show again

Comment Through Ctrl+Shift+Y
Comment Qut Ctri+Shift+X

qE Delete Del

aC Create Subsystem from Selection Ctrl4+G

Format »
Rotate & Flip 4
Arrange b

Signals & Ports 4 Number of Input Ports 4 1
Input Port Signal Properties P [v

Fixed-Point Tool...

Block Parameters (Scope)

Properties...

Now connect the transport delay to sine wave and to scope as shown below:

"y

Yy

y

Transport
Delay

Now run the simulation to see a delay of 3 seconds to the sign wave. Right click scope
block and select block parameters to see the display.
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Scope

File Tools View Simulation |

@*@G)ﬂp =R G I R P R

L s |

Feady Sample based T=10.000

1]
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9. MATLAB Simulink — Mathematical Library

In this chapter, we will learn how to sum the two given signals and get the output.

Select the blank model and open Simulink library browser as shown below:

SIMULATION
]~} Stop Time 100 »
o+ (5 Open ~ F[5] o =N ] — i 1l L) 75
New [ save ~ Library Log Ad Signal gl Nored - Step Ru! Step Stop Data. Logic
- Browser Ignal Viewe Table @ Fast Restart Back « - Forward Inspector Analyzer
FILE LIBRARY PREPARE — e aTe Arwo e
Simulink Library Browser - 0O x
= untitled —
g © <& ‘ Enter search term | = ‘ M~ Broy @ @ 1
@ 1)
2
@ | — Simulink/Sources
TR 5
= Y Dlsc_rete ) . = E f \E I -
S| Logic and Bit Operations Signal Builder Signal Editor
Lookup Tables ETETS
= Math Operations .
Messages & Events - B
Model Verification Signal Sine Wave
= Model-Wide Utilities Generator
Ports & Subsystems
O Signal Attributes .’ @
S!g:al Routing Step Uniform Random
Sinks Number
String WL'.
User-Defined Functions
b Additional Math & Discrete ‘Waveform
] - ¥ Generator =
7]

We are going to combine chirp signal and sine wave blocks by using add block from Math
operation and see the final display.

Let us pick the block we want. Select chirp signal and sine wave from sources library, add
block from math operations, scope block from sinks library.

il

] P

Scope

&

Join the lines to each block.
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W

LR J
+

Scope

=

Ny

Double click chirp signal and change the initial frequency from 0.1 to 0.05 and click on Ok

button.
Block Parameters: Chirp Signal

chirp (mask) (link)
Output a linear chirp signal (sine wave whose frequency varies
linearly with time).
Parameters
Initial frequency (Hz):
0.05
Target time (secs):
100
Frequency at target time (Hz):
1

v Interpret vector parameters as 1-D

J Cancel Help Apply

The other blocks are kept as the default values. Now, click on run to see the output in

scope as shown below.
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Scope - X

File Tools View Simulation

G- B~ -3 F &

Feady Sample hased T=10.000
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10. MATLAB Simulink — Build Model and Apply

If-Else Logic

In this chapter, we will create a model and apply if-else logic to it.
Let us first collect blocks to create our model.

Now, open MATLAB Simulink (blank model) and the Simulink library browser as shown

below:
Sea | Al w E
> My Templates Learn Morg
v Simulink
@E f‘@t’%
i & B[] IR
— )
C
Blank Model Blank Subsystem Blank Library Project from Git
t

=

Project from SVN Digital Filter Feedback Controller Fixed-step

Click on the Blank Model and open Simulink library browser as shown below:

untitled - Simulink

SIMULATION
(5] Stop Time | 100
9P Somn - B ot g, ] ! i @ b @ %
New [ save - Library Log Ad Signal ||| Normal ~ | step Rur Step  Stop Data Logic
- Browser Signa e Table @ Fast Restart Back ~ - Forward Inspector  Analyzer
FILE LIERARY PREPARE SIMULATE REVIEW RES!
5 untitled
£l e
= e
m Simulink Library Browser - O %
T @ = —
B a |Entersea|’ch term v"&v o~ @ @
==
Simulink
= —
| simuink B E
5| Commonly Used Blocks
|
= Continuous |_h ﬂ ,h
» Dashboard
O Discontinuities Additional Math  Commonly Continuous
Discrete & Discrete Used Blocks
Logic and Bit Operations
Lookup Tables Q? A%
Math Operations [==] |\ .h
Messages & Events
Model Verification Dashboard  Discontinuities Discrete
Model-wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing =
I — Tr Logic and Bit Lookup Math =

A @ @
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The blocks we require to build the model with if-else logic is as follows:

Constant block from Commonly used blocks

1 p

Constant

Switch block from Signal Routing

AN

—o

Switch

g W S

Display block from Sinks

|

Display

Let us now get all the blocks together to create a model as shown below:

X
b giﬁ‘w N —

Let us now connect the lines with each block. So you can see that the constant block has
one output and the switch has three inputs and one output. We are going to connect them
to the display block.

After connecting the lines, the model is as shown below:

-
YYyYYyY
W
[=]

Now, double click the switch block and add a threshold.

¥
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The threshold value will be compared with the block in the center. Based on the constant
value of the middle block, the first block value will be displayed or the last constant block
value will be displayed.

Let us add a threshold value to the switch as shown below:

Block Parameters: Switch - %

then click a U switch -
Pass through input 1 when input 2 satisfies the selected criterion;
otherwise, pass through input 3. The inputs are numbered top to
bottom (or left to right). The first and third input ports are data ports,
and the second input port is the control port. The criteria for control
port 2 are u2 == Threshold, u2 = Threshold or u2 ~= 0.

— Main | Signal Attributes
N

JR—Y 1
— e Criteria for passing first input: u2 = Threshold -
Switch
Threshold:
3

v Enable zero-crossing detection

J Cancel || Help Apply

The threshold value given is 3. Click on OK to update the threshold. Now the threshold
value is seen inside the switch block as shown below:

—
RN S

=l

Switch

Y

The middle constant block will be compared with the switch threshold and accordingly the
display will be decided.

Let us now update the middle constant block with some value as shown below:
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1

Constantl

" Block Parameters: Constant1 - x I
Constant
Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is
on, treat the constant value as a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant value.
Main | Signal Attributes
Constant value:
1 Bl ;
v| Interpret vector parameters as 1-D 1
Sample time:
inf B
9 oK ] ‘ Cancel | ‘ Help

The value of the constant block is 1. Let us now change the first constant block and give
it a value as 0.5 as shown below:

Block Parameters: Constant - %
Constant |
Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is
on, treat the constant value as a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant value.
1
Constant Main ‘ Signal Attributes
Constant value:
1 0.5 [ |k
L
v | Interpret vector parameters as 1-D
Sample time:
! inf 1]
9 OK || Cancel || Help || Apply |
Let us now change the last constant with value as 2.5 as shown below:
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Block Parameters: Constant2 — %
Constant
Output the constant specified by the 'Constant value' parameter. If
'Constant value' is a vector and 'Interpret vector parameters as 1-D' is

on, treat the constant value as a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant value.

Main | Signal Attributes

Constant value:

[ —
Const ¥ Interpret vector parameters as 1-D

Sample time:

inf

9 Cancel Help Apply

Hence, the first constant value is 0.5, the middle constant value is 1 and the last one is
2.5. The middle constant value 1 will be compared to switch threshold value i.e. 3 as (1
>3). It will print the value as 2.5 the last constant value.

Click on the run button to get the output in the display block as shown below:

0.3

>3 SN

y¥YyYrY

2.5

Let us now change the middle constant to a higher value than the threshold of switch and
see the output:
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Block Parameters: Constant1 — W

Constant

Output the constant specified by the 'Constant value' parameter. If

0.5 'Constant value' is a vector and 'Interpret vector parameters as 1-D" is
on, treat the constant value as a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant value.

1 Main | Signal Attributes §|_
Constantl Constant value: —
3.5 E
25 v| Interpret vector parameters as 1-D

Sample time:

inf

” | oK Cancel Help Apply

The value is changed from 1 to 3.5. Click on OK and run the model to see the output in
the display:

0.5
]

35 - >3 I |
.

25

Now, since the value of the middle constant is greater, the value from the first constant is
printed in display. If it is less, then the value from the last constant will be printed.
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11. MATLAB Simulink — Logic Gates Model

In this chapter, let us understand how to build a model that demonstrates the logic gates.
For example, gates like OR, AND, XOR etc.

Open the Simulink and open a blank model as shown below:

earch All VE

%]

> My Templates Learn Mor¢
~ Simulink
o i
Create Model @ %E & ]
" 89—
]
Blank Model W Blank Subsystem Blank Library Project from Git

Project from SVN

Digital Filter

Feedback Controller

ic

Fixed-step

Click on blank model and select the Simulink library as shown below:

SIMULATION
] Stop Time  10.0 - o
57 oen - @B o 5 - & ] = %
New [ save ~ Library Log Signal ~ ||| Mormal Step A ep St Data Logic v
- Browser it Vv Table @ Fast Restart Back - Forwa Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
] untitled Simulink Library Browser - o x fE=
o
§ @ |Entersea\chterm v‘-’ﬁv Hrovr e @
Sl — .————————
Y Simulink
RS imulin|
S g Simulink - =
Commonly Used Blocks i/ p“
ER Continuous _h h
» Dashboard
E Discontinuities Additional Math  Commenly Continuous
= Discrete & Discrete Used Blocks
Logic and Bit Operations
| Lookup Tables Q? A NN
Math Operations = |\ ‘h
Messages & Events
Model Verification Dashbeard  Discontinuities Discrete
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing =
7] E— 5 Logic and Bit Lookup Math =
(&
[-H]
«

Let us select the block that we want to build a OR gate. We need two constant blocks to
act as inputs, a logic operator block and a display block.

The constant and logic operator block will get from commonly used blocks library. Select
the blocks and drag in your model or just type the name of the block in your model and
select the block as shown below:
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untitled

@

El E constant

Constant
Simulink — also in HOL Coder, DSP System Toolbox HDL Support, DSP System Toolbox

Model Browser

Constant Ramp
DSP System Toolbox/Signal Operations

Add Constant

Simulink/Quick Insert/Math Operations

String Constant

Simulink/String

Modulo by Constant

Fixed-Point Designer

Compare To Constant

Simulink Also in HOL Coder

Enumerated Constant

Simulink also in HOL Coder

Divide by Constant and Round

Fixed-Point Designer -

Blocks Actions (Ctrl+.)

Select the constant block, we need two constant block, a logical operator and a constant.
The blocks will look as shown below:

Jano b y (I

Right click on the logic operator block and it will display the block parameters as shown
below:
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Block Parameters: Logical Operator - %

Logical Operator

Logical operators. For a single input, operators are applied across the input vector. For multiple
inputs, operators are applied across the inputs.

AND [y,

e Main Data Type

Number off OR

2 NAND
NOR

Icon shape XOR
NXOR

Q NOT

With logical operator you can use AND, OR, NAND, NOR, XOR, NXOR and NOT gates. Right
now we are going to select the OR gate.

)

Jor } [
Logical
Crperator

)

Now connect the lines and the model will be as shown below:

OR

D

Yy

For an OR gate if the inputs are 1,1 the output will be 1. If the inputs are 0,0 the output
will be 0. Right now, the constant has values 1,1. Let us run the model to see the output
as shown below:
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OR

|

L

We can see in the display block the output shown is 1. Let us now change the constant
value to 0. Right click on constant block and change the value as shown below:

Block Parameters: Constant — ¥

Constant

Output the constant specified by the 'Constant value' parameter. If
Constant 'Constant value' is a vector and 'Interpret vector parameters as 1-D' is
on, treat the constant value as a 1-D array. Otherwise, output a matrix
with the same dimensions as the constant value.

Main | Signal Attributes

Constant value:

0

v| Interpret vector parameters as 1-D
Sample time:

inf

s)" Cancel Help Apply

After changing the values of constant to 0, the output will become 0 when you run the
model. The output is as shown below:

OR

|

Yy

62

m tutorialspoint



Let us now change the constant values to 0,1 and see the output:

MATLAB Simulink

|

OR

¥y

Constantl

With values as 1,0, the display will be as follows:

Y
I

OR

Yy

Similarly, you can design the AND and other gates.
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12. MATLAB Simulink — Sine wave

In this chapter we will integrate and differentiate sine wave by using the derivative and
integrator blocks.

Open blank model and Simulink library as shown below:

untitled - Simulink

SIMULATION
5] Stop Time | 10.0
9P own + | me o g, = > i @ = %
New [ save - Library Log Ad Signal ~ ||| Normal ~ | step Rur Slep  Stop Data Logic
- Browser L Views Table @ Fast Restart Back v - Forward Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
5 untitled
2 ® Simulink Library Browser — 0O x|
g — |Enter search term | | fﬁ - E!, v g @
-y -
3 Q Simulink
=
2| | simuink B E
= Commonly Used Blocks H
Continuous |h ‘h
» Dashboard
= Discontinuities Additional Math  Commonly Continuous
Discrete & Discrete Used Blocks
O Logic and Bit Operations
Lookup Tables : QT N\
Math Operations i =] |\ ‘h
Messages & Events
Model Verification Dashboard  Discontinuities Discrete
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing =
q e ¥ Logic and Bit Lookup Math -
&
«
Ready 100%

Let us pick the sine wave from sources library and scope block from sinks library.

¥ S

We would like to add the derivative and integrator block from continuous library as shown
below:

) =
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We would need 3 input ports for scope block as the sine wave, derivative and integrator
block will be connected to it.

Right click on the scope block and change the inputs from 1 to 3 as shown below:

g | e ] ST.ep Run ST.ep Ldld Lugic
Table m=tn Coct Dnctart Dant Conuned p Analyzer
PREPARE Explore REVIEW RESULTS
Open
nnection, click a port, terminato  Cut Clrl+x pdel element. More information. Do not show again
5y Copy Ctrl+C
Comment Through Ctrl+shift+Y
Comment Out Ctrl+Shift+X
Delete Del
h C Create Subsystem from Selection Ctri+G
Sc Format 3
% Rotate & Flip »
Arrange 3
H
gnals & Po ber o P 1
Input Port Signal Properties 3 2
Fixed-Point Tool... v
Block Parameters (Scope) More...
Properties...

Connect the lines as shown below:

vy +

Y

hd
-

Now, run the model to see the display.
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| e . - s

File Tools View Simulation

G- BB -~ a3 F &

Feady Sample based T=10.000

e

So, we have three signals sine wave, derivative and integrator.
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13. MATLAB Simulink — MATLAB Function

In this chapter we will understand how to make use of MATLAB function in Simulink.

Open Simulink and click on blank model.

untitled - Simulink - 0O %
SIMULATION =
Stop Time | 10.0
I:||:||:I 3 0pen ~ JoN ’ ) > (il ]
= ||| Normal - ~ i ~ REVIEW
New ] save ~ LIBRARY L Step Rur Step Stop RESULTS
- stk @ Fast Restart Back - - Forward
- v I
FILE PREPARE SIMULATE A
5 untitled BEE | -
B 3
= @ k=l
E m
i 2
T @ i}
<] 4
=
€3 i
=]
:ﬂ =
=
|—|
Ready 100% VariableStepAuto
We need a constant block, a MATLAB function block and a display block for the output.
Here is the model created:
5 N PR w1
fcn
The MATLAB function is available inside the user defined functions library.
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Simulink Library Browser - 0O %

<A Enter search term - ﬁv Iﬂ,v = v | & @

Simulink/User-Defined Functions

Model Verification « | | Interpreted MATLAB  Level-2 MATLAB -
Model-Wide Utilities Function S-Function

Ports & Subsystems

S!gnal Attrlt_mtES s ‘ b 3 4

Signal Routing fen System

Sinks .

Sources MATLAB Function MATLABE System

String

User-Defined Functions Q reset ¥y sysem B

b Additional Math & Discrete
b Quick Insert

Reset Function S-Function
k Control System Toolbox
k DSP System Toolbox 3
b DSP System Toolbox HDL Supp: Y sysem b e
- y . . PP Examples
Fixed-Point Designer -
O T T S-Function Builder S-Function Examples -

Now, click on MATLAB function and drag it inside your model canvas. Double click on the
MATLAB function block and write a function of your choice.

We will try to display 1 if the number given is odd and 0 if it is even. You can also save
the function to be used later with another one.

W MATLAB Function
function v = fcnlu)

y = uj
if mod(u,2) == 1
y=1
else
y= @
end

Once the function is done click on the upward arrow close to the MATLAB function and it
will take you back to the model you created earlier.

Now, let us test the model by using the constant value as 5.
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fon

We can see the display as 1, which indicates that the value 5 is an odd number.

Let us now change the constant value to 10 as shown below and run the simulation: The
output is 0 indicating it is even number.

10 e I
L ficn
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14. MATLAB Simulink — Create Subsystem

Subsystems are useful when your model gets big and complex. You can change a part of
the model into a subsystem that helps to keep the flow very clean and understandable.

In this chapter, let us learn how to create a simple subsystem in Simulink.

First, create a blank model, as shown below:

untitled - Simulink - 0O %
SIMULATION
| Stop Time 100
O (3 0pen ~ X § @ b @
I LIBRARY og > ||| Normal - o o REVIEW
Mew E Save g Step Ru Step Stop RESULTS
- (3]s % Fast Restart Back « - Forward
- v —
FILE PREPARE SIMULATE a
5 untitled BEE| 0
v 3
: :
@ — 2
Mt 2
§ o
m
e o
o
=3 =
|
(&=]
1
Ready 100% VariableStepAuto

Now, we will create a simple model that adds two numbers and later converts a part of
the model into a subsystem.

1

Constant il % > :l Display

We have created a simple model that has two inputs. These inputs will add up and show
the result inside the display.

We will change the value of the constant as 10 and 20. The result 10+20 = 30 should be
seen inside the display block.
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10

@

20 ‘

Let us add one more block named Unary minus that will change the output from 30 to -30
as shown below:

10

‘ Linary Minus
20

Now, let us select the portion i.e. the sum and the Unary minus block to create a subsystem
as shown below:

1
20
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10

20

Click on Create Subsystem. Once done, the sum block and the Unary minus block will be
converted into a subsystem as shown below:

10

— I

[¥5]

20

Now when you run the simulation, it will display the same result as earlier:

10

¥
ha

20

Double click on the subsystem to see the original block as shown below:
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9 Subsystem

® {;

O/ &E §E S

Click on the upward arrow close to the subsystem to get back to the model.
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15. MATLAB Simulink — for loop

In this chapter, let us understand the working of for-iterator block.

First, create a blank model as shown below:

untitled - Simulink - 0O %
SIMULATION DEBUG MODELING FORMAT
Stop Time  10.0
I:||:||:| E OPEI'I - _.l ' > 1] ]
- ||| Normal - ~ i . REVIEW
New [5] save ~ LIBRARY e Step Rur Step Stop RESULTS
- >ignals @ Fast Restart Back = - Forward
w -
FILE PREPARE SIMULATE
5 untitled B | =
n =]
= @ b=
E m
i 2
N St 2
2‘3 o
1)
£d ja
=}

:g =

&=

1
Ready 100% VariableStepAuto

—

In this model, we are going to make use of for iterator that will give us the sum of 1..N.

You can use the value of n as per your choice. This value will take the constant block and
update it with value 5 as shown below:
-}

Let us add the for-iterator block as shown below:
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E forl

For Iterator Subsystem =
Simulink/Ports & Subsystems
For Each Subsystem
For Each Subsystem
HDL Coder/Ports & Subsysten
Forward Substitution
DSP System To Math Funct Matrices Linear Algebraj/Lir
Varying Observer Form
Transfer Fcn Direct Form I
. . i \dditional Discret:
Discrete Varying Observer Form

Switched derivative for linearization

Blocks Actions (Ctrl+.)

Select the for Iterator subsystem block and add to your model. Next, we need display
block as shown below:

5 b b PR X O N )l:l

Connect the blocks as shown below:

[ ]

¥

5 1 for{ ...} 1

The for iterator block is a subsystem. Select the block and click enter. It will take you to
new model area, where the for block has to be defined.
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Ile':rg{b?' >

For lterator

Right click on the for iterator and select the block parameters, as shown below:

Block Parameters: For lterator - I

For Iterator

Run the blocks in this subsystem for a number of iterations. The
iteration limit may be specified either in the block's dialog or
through an external input port. If the iteration variable is
incremented externally, then the next iteration value is read in
through an external input port, otherwise it is incremented by
one. The iteration continues to run until the iteration variable
exceeds the iteration limit. If the output port is shown, it will
output the current iteration number starting at zero or one.
When the iteration is started, any states in the subsystem may
be either reset to their initial value or held at their previous

value.

Parameters
States when starting: reset -
Iteration limit source: | external -

Set next i (iteration variable) externally

v| Show iteration variable

Index mode: | One-based -

Iteration variable data type: int32 -

J. Cancel Help Apply

Change the States when starting as reset and Iteration limit source as external. Click on
Ok to update the changes.
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Now, you will get an input block to your for loop, as given below:

lerdi »(1)

T
For lterator

We need a sum block and a delay block as shown below:

el ——) D

For lterator
E}

Delay

L.

The delay block has to be flipped so that it can be added to the output. We need to give
the output back to the sum block so that it can be added with the current iteration.

Right click on delay block and change the delay length from 2 to 1 as shown below. Click
on OK to update the changes.
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Block Parameters: Delay - X

Delay

Delay input signal by a specified number of samples.

Main State Attributes
Data

Source Value Upper Limit

Delay length: Dialog - |1

Initial condition: | Dialog - | 0.0

Algorithm

Input processing: Elements as channels (sample based) ~

Use circular buffer for state

Control

Show enable port

External reset: | None -

Sample time (-1 for inherited):

-1

J- Cancel Help Apply

The final for-loop subsystem block will look as follows:

O ——0) "D

Far lterator

Now before you run the simulation, change the stop time to 1. We do this because we
want the simulation to run only once.
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Click on Run now to see the result in display block as shown below:

The input value is 5, so the for-loop will go from 1 to 5. Hence, the values 14+24+3+4+5 =
15 is shown in the display.
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16. MATLAB Simulink — Export Data

In this chapter, we will learn how to use Simulink output results inside MATLAB. Let us try
a simple model of sine wave as shown below:

J

¥

Ay

When we run the model, the scope displays the sine wave as shown below:

led * - Simulink | Scope x|
untitled * - Simulin
File Tools View Simulation
SIMULATION DEBUG MODELING FORMA]
@- Bk -G [C F &~

EEZI Stop Time |

9 Open ~ »l
New [ save -  LIBRARY ~ | | Normal
- mg FastR

hd
FILE PREPARE

5 untitled
5] =]
@
o w
ia  [—0
= =

=

&

m
Ready
_

Ready Sample based T=10.000

Now to get the data of the sine wave, go to the configuration properties and select logging
tab.
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Scope - x|

File Tools View Simulation

{gy| =, Cenfiguration Properties ... [ - E] - ii' @v

p ", . \
Configuration Properties: Scope - X

Main Time  Display | Logging

Limit data points to last:
( Decimation:

Log data to workspace

- 10
Rear J ‘—/QK Capcel i
Select the log data to workspace checkbox, as shown below:
Configuration Properties: Scope - %
Main | Time Display | Logging
Limit data points to last:
Decimation:
v| Log data to workspace
Variable name: | swave
Save format: Array -
. 0K Cancel Apply k
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Set the variable name of your choice. Here, we have given the name as swave and the
save format as Array. Click on OK button and run the simulation again.

You should see the output in the workspace.
VWorkspace

:: Name i Value it Size ;i Class

%1 Simula... 1=1 Simulink

3
Double click and it will show you the details of the swave variable which we saved earlier.

out
1=1 Simulink SimulationOutput
' Property :: Value i Size i Class
ErrorMessage C
SimulationMetadata 1=1 Simula 1x1 Sim

EE| Swave S1=2 double Hi=2 double

HH tout 51=1 double  51=1 double

Ivs]

Inside command prompt type out .swave and it will give you the output as shown below:
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»» out.swave

ans =

a a
8.26088 0.1937
8.408a B.3894
0.o8ea B.5646
0.80ea 8.7174
1.c6ea 8.8415
1.20ea B.932@
1.46ea 0.9854
1.560088 8.9995
1.5608 8.9738
2.688a 8.9893
2.2888 8.8885
2.408a 8.6755
2.600ea 8.5155
2.80ea B.335a
3.00ea 2.1411

You can plot the sine wave using plot command as shown below:

Command Window

»» plot{out.swave)
3>

The graph is shown as follows:

out out.swave Figure 1

£ 598 Q &

10
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17. MATLAB Simulink — MATLAB script

In this chapter, we will use MATLAB script to create a model. We do have a direct and easy
method to create a model by just picking the blocks we need. But, writing the code to
create a model can sometimes help you to automate a task as your projects get complex.

So, let us learn how to create models by using the Application Programming Interfaces
(APIs) as discussed below.

We will create a very simple sine wave model. For that we need sine wave and scope
blocks.

Inside the MATLAB command window, we can use API to create the model and blocks. To
create a new model, the API is as follows:

new_system('matlabmodel")

Here, matlabmodel is the name of the model. You can open the model by using
open_system() with the name of the model as parameter to the function .

The command is as shown below:

open_system( 'matlabmodel’)

When you click enter, the model is opened as shown below:

matlabmodel - Simulink - O x
»» new_system( matlabmodel") SIMULATION
>» open_system('matlabmodel")
- IZD] [ Open Stop Time | 10.0 | » =
per = _J ~ ||| Norma ~ - . . ) REVIEW
New [§ save ~  LIBRARY 09 Step  Hu Step  Stop RESULTS
- . @ Fast Restart Back v  ~ Forward
FILE v PREPARE SIMULATE M =
5 matlabmodel [ o
| s <
5 @ 5
2 o
= 3 a
— g
[l
Ready 100% VariableStep® -
=]
Now, let us add sine wave block to it. The command is to add_block(source, dest).
You will get the source of the block from Simulink library browser.
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AV

Open -

Sine Wave - LIBRARY

iform

Stop Time

Morma

simulin Suurces,rgine Wa'.rezl

M Output a sine wave:

NU O(t) = Amp*Sin(Freg*t+Phase) + Bias

two types are related through:

Sine type determines the computational technique used. The parameters in the

Samples per period = 2#¥pi / (Frequency * Sample time)
Number of offset samples = Phase * Samples per period [/ (2#pi)

Use the sample-based sine type if numerical problems due to running for large
times (e.g. overflow in absolute time) occur.

The highlighted code is the source of sine wave. Let us add that in the add_block as shown
below:

add_block('simulink/Sources/Sine Wave', 'matlabmodel/Sine")

The following screen will appear on your computer:

»>
»>
»>

new_system( 'matlabmodel”)
open_system({ 'matlabmodel’)
add_block

Hot enough input arguments

>

ag /5] =

odel/Sina’)

add_block( " simulj

oy matlabmodel * - Simulink - O x
SIMULATION DEBUG MODELING FORMAT
S17 4 @ b
A
FILE LBRARY PREPARE |Normal Step  Run Step F?EE)’&E}F;
5
m@ Fast Restart Back - - Forward

A d h v -
SIMULATE a

5 matlabmodel B o
I 3]
I E
2 =
@ <
CHE 2
g o
@ 2

e

=
Sine

Ready 100% VariableStepAuto
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Let us now add the scope block, as mentioned below:

add_block('simulink/Sinks/Scope', 'matlabmodel/Scope', ‘Position’ , [200 315 135
50])

The model shows the scope block as shown below:

A b
Sine )C]

You can make use of position inside the add_block to position the block properly.

For example,

add_block(‘simulink/Sinks/Scope’, ‘matlabmodel/Scope’, ‘Position’ , [200 315
135 50]

Now, let us connect the line between the sine wave and scope by using the command as
shown below:

add_line('matlabmodel', 'Sine/1', 'Scope/1');

For add_line, you have to pass the name of your model, followed by the block name and
the input port of the blocks.

So now, we want to connect the first output port of sine wave with the first input port of
scope.

.

A

Sime

Let us now run the simulation by using the command below:

result = sim('matlabmodel");

Now to view the simulation result, run one more command as shown below:

open_system( 'matlabmodel/Scope');

You will get the output inside the scope as follows:
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Scope - x|

File Tools View Simulation

G- B®OP ~ 2-aQ- 35" F & b

Feady Sample based T=10.000
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18. MATLAB Simulink — Solving Mathematical

Equation

In this chapter, we will solve a simple mathematical equation by using Simulink.

The equation is given below:

y(t) = 2Sin(t) + 5Sin(2t) - 10

Let us create a model for the above equation. Open a blank model as shown below:

untitled1 - Simulink - O x
SIMULATION MODELING FORMAT
Stop Time | 10.0
I:Il:::I I Open ~ JON ks » 1] n
- = ||| Normal - . } : REVIEW
Mew E Save w LIBRARY Log Step Rur Step Stop RESULTS
- ! @ Fast Restart Back - - Forward
hd v I
FILE PREPARE SIMULATE i
5 untitledl B | =
b =
= @ =
g a
@ =y
T a =
=} =]
= E E
=
=
1
Ready 100% VariableStepAuto

Following are the steps to solve the equation:

e Get a Sine wave block. Right click and select block parameters. Select sign type as
time based. Change the amplitude to 2 and frequency to 1. That will be 2Sin(t).

e Get another sine wave block. Now, set the amplitude to 5 and frequency to 2 to
display 5Sin(2t). Select sign type as time based.

e Now get an add block and add both sine waves.

e Get a constant. Right click and select block parameters. Change the value from 1 to
10.

e Get a subtract block where one input will come from step 3 and another from
constant i.e. step 4.

e Get a scope block and connect the input from step 6 to it.

This is how the final Simulink model looks like for the equation:

y(t) = 2Sin(t) + 5Sin(2t) - 1@
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'ﬂ'l..l
I—— ol
Q . » (]
|
10
'ﬂ'l..l

Click on the run button to compile. Right Click on scope block to see the signal plotted.

Scope
File Tools View Simulation

G- B -~ 2-&- 3 F &

Sample based T=10.000
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MATLAB Simulink — First Order Differential

Equation

Here, we will learn how to solve the first order differential equation in Simulink.

The first order differential equation that we are trying to solve using Simulink is as follows:

dy/dt = 4sin2t - 1@y

The equation can be solved by integrating dy/dt to the following:
y(®) = [ (4sin2t- 10y(t) dt

Following are the steps to build a model for above equation.
e Pick up sine wave from sources library and change the amplitude to 4 and frequency
to 2. This will give us 4sin2t.
e The integrator block will be used to show dy/dt that will give output y(t).
e The gain block will represent 10y.
e The input of step 1 and 3 will be given to step2.

e We need scope block to see the output y(t). The step 4 will be connected to the

scope block.

Let us see the above steps in model as shown below:

=

f\v, .":@—D-

Sine Wave

<ok
~

Run the block to see the following output:
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Scope - X

File Tools View Simulation

G- @@®P ~ -aQ- 2 & @

Feady Sample based T=10.000
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