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Basic concepts

o Simulink provides a graphical user interface (GUI) for
building models as block diagrams, using click-and-
drag mouse operations.

e Why use Simulink?
— You can draw the models as you would with pencil and
paper.
— Designs are hierarchical, so that levels of details can be
hidden or made explicit.

— Simulations are interactive, so you can change parameters
“on the fly”.

— Simulink includes a comprehensive block library of sinks,
sources, linear and nonlinear components, and connectors.

— C code or executables can be generated from a Simulink
model by using Real-Time Workshop.

O
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Associated Products - 1

o Stateflow

e Simulink Performance Tools

o Sateflow Coder

 Real-time Workshop

 Real-time Workshop Embedded Coder
 Real-time Workshop ADA Coder
 Real-time Windows Target
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Associated Products - 2

e XPC Target

e XPC Targetbox

« XPC Target Embedded Option

e Simulink Report Generator
 Requirements Management Interface
e Virtual Reality

e SimMechanics

e Embedded Target MPC555
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Simulink Blocksets

e Aerospace

« CDMA Reference

e Communications

* Dials and Gauges

e DSP

* Fixed Point

Nonlinear Control Design
e Power Systems

A blockset is a library of blocks
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A Typical Simulink Model

* Includes Sources, Systems and Sinks.

Sources | Systems | Sinks
Random Signals Interconnection Displays
Function Generators of Scopes
From MATLAB Workspace Linear and Nonlinear FFT Scopes
From Disk Files blocks To MATLAB Workspace
To Disk Files
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A Typical Simulink Model

A typical Simulink model includes Source, System and Sink.

g
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Block Choices in Simulink
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Yet More Simulink Blocks
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Now, let’s build a simple model!

This model plots the sign of the input signal. I

E!untitled x _ O] %]
File Edit “iew Simulation Format Tool:  Help ||,O i<y | i | =

<} Scope

DsEH& /=28 o mEt

ﬁU " -— |
Sine Wi gve Sign Scope
f |1 ]I ||:u:||345 o Time offzet: [

Empower. Partner. Lead. Ohio Supercomputer Center



Example -- Step 1

Stepl: Start Simulink and choose New then Model from the File menu.

E!Lihlary: simulink 3
File—Edit_View Format Help

il e + - V] [ F

8 1 =% y=Fitu) \ In  Outl

Kla | |Atw .

Sources Sinks  Continuous  Discrete Il ath Functions Monlinear  Signals
& Tables & Systems

Blacksets & Simulink Block Librany 4.0

. Damos
Toolboxes Copyright () 1990-2000 The M athWarks, Inc.

File  Edit Hiew|§imulatiun Format Tool: Help

DEE&S| RS REL S

Fl100%

||:u:|e45 o
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Chrl+0
I+

Library

Chrl+5

Save az...

Source contral »

Model properties

Preferences. ..

Frirt... Chrl+F
Print zetup...

Exit MATLAR Chil+0

Ohio Supercomputer Center




Example -- Step 2

Step2: Copy the needed blocks by using Drag and Drop.
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Example -- Step 3

Step3: Complete the connection.

=] untitled = I =]

File Edit “iew Simulation  Format Toole Help

D& 2R (0 - WEL &

* Move the mouse to the location of
output port of the source block.
» Hold down the mouse button and
) .l — o] move the cursor to the input port of
| — the destination block.
Sine Wave Sign Scope « Release the mouse button.
Fl100% \oded5 Sz
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Example -- Step 4

Step4: Set the block parameters.

Block Parameters: Sine Wave | =] untitled1 = _ O] =]
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aF. Cancel | Help ) [
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Example -- Step 5

Step5: Setup the simulation parameters.
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Example -- Step 6

Step6: Start simulation.
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Need help?

Block Parameters: Sine Wave
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Using Simulink
Sine Wave

Generate a sine wave.
Library
Sources

Description

Pt

The Sine Wave block provides a sinusoid. The block can operate in either continuous or
discrete made.

The output ofthe Sine Wave block is determined by
y = Amplitude x sin(frequency xtime + phase)

The value ofthe Sample time parameter determines whether the hlock operates in
continuous mode or discrete mode:

& [ ithe default) causes the block to operate in continuous mode.
& =0 causes the block to operate in discrete mode.

I~
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Manipulating blocks
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Labels and Annotations
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Moving a line segment

Stepl: Position the pointer on the Step2: Press and hold down the left
segment you want to move. mouse button.
= > =)

W _ = [+ I.l-_ll.l " ] o
Sine Ware FProdu et - Sine U are I Produ o

1 1 .—l

™, - " -
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Step3: Drag the pointer to the desired @ _9_
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Dividing a line into segments

’I>'—'>: N Stepl: Select the line.

sain
Sum
‘ ; [E I : A Step2: Position the pointer on the line
Sain where you want the vertex.
Sum
;D—.—ﬁ—-}+ Step3: While holding down the Shift
. - i key, press and hold down the
= Sum mouse button.

E
FF
7

Step4: Drag the pointer to the desired

Sain location.
Sum

,D_/ \->+ Steps: Release the mouse button and T
L b Shift key. 1%
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Dividing a line into segments
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Stepl: Position the pointer on the
vertex, then press and hold down
the mouse button.

Step2: Drag the pointer to the desired
location.

Step3: Release the mouse button.
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Inserting a block in a line

" W
Siree Wawe Scope
EEin *
HU ...... LE | =
Sire Wzme Soope
AW ,I}' (-
Sire Wi 3R * Soope
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Stepl: Position the pointer over the
block and press the left mouse
button.

Step2: Drag the block over the line in

which you want to insert the
block.

Step3: Release the mouse button to
drop the block on the line.
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Example 2: Revisit van der Pol’s equation

e Recall that the equation is
d2x/dt? - p(1-x?)dx/dt + x =0
e Convert to first order ODEs using
dy,/dt =y,
dy,/dt=p(1-y19)y Y1
where y, = X, and y, = dx/dt

 In Simulink, start with two integrator blocks, one for y,,
another for y.,.

e Then use Sum, Product and Gain blocks to create dy,/dt
and dy,/dt as inputs to the integrator blocks.
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Simulink model of van der Pol

m vanderpol_1
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Example 3: Leaky Integrator

 An ideal integrator is described by the equation
dy/dt = x(t),
where y(t) is the output and x(t) is the input.

* A leaky integrator is described by the equation
dy/dt = x(t) - py(t), p >0

 The solution, for x(t) = Ku(t), is
y(t) = (K/p) (1 - e+)u(t)

o |If we want the steady state output for a constant input to be the
same constant, we can add a gain term of u  at the output.

Yo(t) = ny(t)
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Simulink model for leaky integrator
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Output of leaky integrator
(DU
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E! temp
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Subsystems can hide the complexity of the subsystems
from the user, which can make your model clearer.
There are two ways to create Subsystems.

*You can create a Subsystem by adding the Subsystem
block from Signals & Systems. Then you can edit the
Subsystem by doubling clicking the Subsystem block.
*You can create create the subsystem by grouping
blocks from an existing system.
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Leaky integrator subsystem

1. Use the mouse to select the blocks 2. Choose Create Subsystem from the Edit ment

~1leaky_integrator * - O] x
Ie it iew Simulation \Format Tools Help =lai Can't undo Cirl+7
D|@n§\¥:ﬂ|ﬂﬂ|ﬁ\§®|b “ [Nomal =] Can't redo Cirl Y
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Update diagram Ctrl+D
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3. This replaces the
selected blocks with a
Subsystem block. EE—

i
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Using the leaky integrator subsystem

* You can now use the leaky
Integrator subsystem like

any other block
_Iol x| .
File l:Iit : ie Simulation Format Tools ¢ DOUbIe CIICkIng the SUbSyStem
Help

opens the subsystem and shows the
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Example 4: Envelope Detection using Leaky
Integrator

Leaky
Integrator MUX

nil —e /

L)

EiSt:F:-E:xrde —w lul >®—Nm yort) ]
/’ Ahbs Gaini ’{'1 Scoped
Source Lean Gain
ntegratomn
Absolute - —
Value Scope Scope?
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Stepped Sine Wave
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Results for mu =1 for Leaky Integrator

= _lo/x]
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Comparing Results for different mu values

_Iolx]
l@E/opr ABEB @a 5
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@&E|pore ABRB PE &
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