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INTRODUCTION TO SIMULINK

Teaching Design
Support Group




SESSION OUTLINE

Short Talk: Simulink Background & Basics
Exercise 1: Firing a cannon

Short Talk: Linking MATLAB & Simulink,
Good Coding Practice
Other Features

Exercise 2: Systems of ODEs

Exercise 3: Model of Bouncing Ball



WHAT IS SIMULINK?

= Simulink is a visual programming interface built into MATLAB

= A way to solve equations numerically using a graphical user interface

A simple example:

d? d
Y —05-032 _04y
dt dt
0.5
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= y' =
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WHAT DOES A SIMULINK MODEL LOOK LIKE?

Simulink hides the default names of blocks. Clicking on
the block will show the name while the block is selected.

Simulink models are either .slx or .mdl files.
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Step

Su bSYSTemS Blocks with custom names will always display their
name, in black.
Annotation
Blocks
Time ,
@—. time
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LAUNCHING SIMULINK

4\ MATLAB R2018a - academic use

HOME SHORTCUTS

i HE tiz, New Variable P A Cod: v ae & (2) ¢§¢C i
Ifljl] '\j [jFind Files &J LE& i Tew A L"ﬁi ‘j ol y & @ Preferences & \?.) 0 il

E

3 Open Variable v k> Run and Time £ = Request Support
New New New Open LL:,—J Compare  Import Save Ei? Favorites “’E Simulink  Layout 15! Set Path Add-Ons Help — it
Script Live Script v v Data Workspace (7 Clear Workspace v v [7# Clear Commands v v v v  [Z] Learn MATLAB
FILE VARIABLE CODE | SIMULINK ENVIRONMENT RESOURCES

J}i untitled - Simulink academic use @Elﬂ—hj

File View Display Diagram Simulation Analysis Code Tools Help

b -=-§ as & -=- 3~ w00 @ -

| untitied |
@® |[Pa]untitied v
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@B d®P - - > [Norma )| @~ | ”

st
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»

Ready 100% VariableStepAuto




WORKING WITH BLOCKS

There are two ways to add blocks to a model:

* Library Browser EE

. scope|
* Quick Search — = -

Simudink/Sinks
Scape

Scape

]
m

ulink ReslTime/Displays and Logging
F|D-E|t||‘|g Scupe

DashbuardScnpe
Tme Scope

DSP System Toolbow!Sinks bl

Each block has its own settings:

SE Simulink Library Browser

<
Simulinkc

ST e @

(E=8 Eo =3

4 [Simulink
Comm

Dashboard  Discontinuiti
UsedB\ ks

a8 = *=
@@

Subsystems Routiny
Quick
Tnsert

it Lookup Math Model-Wide
Utilities

ogic a
Operations ~ Tables  Operations Verification
PoE YT 8

.
éic AN N
Ports & Signal Sinks Sources

String User-Defined Additional Math Quick Insert
Functions & Discrete

ities  Discrete

Model

* Block Parameters — values when using the block [Double Click]

[Right Click]

* Block Properties — how the block looks




IMPORTANT LIBRARIES

Simulink blocks are sorted into Libraries. Often with Simulink if you
want to do something new, you need to search through the
documentation to find the name of the block you need.

¥4 libraries_example * - Simulink academic use feliE =
File Edit iew Display Diagram  Simulation Analysis Code Tooks Help
B-o-8|e Eg-E- o4OF  F-w  bm o) @

ries_example

[Pa libraries_example

Examples of Key Simulink Libaries and their common blocks

OB dEe s

A collection of subsystems, each with no inputs or outputs but with small self contained examples inside

Sources Sinks Math Operations Ports & Subsystems

N Signal Routing Continuous & Discrete Logical Operations User-Defined Functions




SOURCES

Sources are typically inputs for models

"\

Sine Wave

Constant > D
P

Group 1 Scope
Signal 1

L~
[

Signal Builder

oood
00

Signal
Generator

4.| Scope

File Tools Miew Simulation

R ON Z-a-|Bl-|&A-

Help

Sample based |T=10.000




SINKS

Sine Wave

%4'—’

Sinks are typically ways to view results

[

Scope

o—P my_

sin_wave

To Workspace

&—P»| saved wave.mat

To File

-0.544

Display

»>—]

Terminator

Ry

Sine Wave > O
—P
oooo XY Graph
00
Signal
Generator
Py )

» -
TOUE 4| XY Graph
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Y Axis
=]

XY Plot
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MATH OPERATIONS

Math Operations allow us to manipulate signals

"\

1>

(

INPUT1
Sine Wave Gain
INPUTZ
[ " Scope
Add
Sine Wave1 Gain1
Matrix Multipliation
Array Multiplication
[1 2} “[56:7.8 >| 9 = 1,2 4,6 b--4
34 U6, | 43)| 50 [:2l 14: 8] 12
Constant1 Gain2 Display1 Constant2 Gain3 Display2
Technically a User-Defined Function, but "Fcn" is useful when thinking about math operatiocns
(1 2] —» sin(u(1)exp(2.3%(-u(2)))) |——»| 0.01005

Constant4 Fen

Display90



| SUBSYSTEMS

Subsystems are a way to group areas of code.

@ @ >Q > line2

Slope To Workspace1

2 |Intercept




SUBSYSTEMS

Subsystems are a way to group areas of code.

i lim A~

D gF &<

|J:|

Cut

Copy

Paste

Comment Through
Comment Out

Delate

Connect Blocks

Create Subsystem from Selection
Log Selected Signals

Format
Rotate &t Flip
Arrange

Reguirements

Cirl+3
Ctri+C
Ctrl+V
Ctrl+Shift+Y
Ctrl+Shift+X
Del

Ctri+G




SUBSYSTEMS

Subsystems are a way to group areas of code.

@ P In1 Outt ———p{  line2

To Workspace




SUBSYSTEMS

Subsystems are a way to group areas of code.

Subsystems can contain many inputs and outputs. You can nest subsystems inside each other.
By default the inputs are In1, In2 etc but they can be renamed inside.

line2
—e Out1 —I_b
@—b In1 ——— To Workspace1

Clock1 Out2 5

>

Subsystem

Display

2 |Intercept




SIGNAL ROUTING

Mux & Demux : Group signals of same type
Mux block groups multiple signals
Demux block separates out individual signals

Can generally be used in mathematical operation blocks

Buses : Grouping signals of same or different

data types
A bus is like cable tidy. Not always possible to feed a bus
into a mathematical block.

Use BusCreator and BusSelector.

0

Constant

1

Constant1

234]

Constant2

Constant6

Display
D2
Display1

1

Constant7

[234]

Constant8

Display > Signals & Ports > Wide Nonscalar Lines

Display6
=signall=
...I - 1
_;I " <signal2= v
BusCreator Displays
BusSelector ’—3‘
Display4



SIGNAL ROUTING

Yyvy

Switches
) Sine Wave
Constant4 Q\O—>
[ e 1
. Display3
5 Manual Switch Constant3

Constant5

|

)

Step

Goto / From

) —|—>
Constant6

J—’—D
5 Manual Switch1 Goto

Constant9

From

Y

Terminator

Switch

[ 4

Display?




EXAMPLE OF GOTO/FROM

*& LEGO_HW_game_openday * - Simulink academic use
File Edit VWiew Display Diagram Simulation Analysis Code TJools QUARC  Help
I =] [ =]
B-o-g e BEe-=- 72 AT @~
LEGO_HW_game_openday
@® |[Pa|LEGO_HW_game_openday b -
3 If the button is pressed, “reset” becomes 1, which
causes the contrallers blodk to reset (integrals to
zero) snd moters to stop and encodess to be
=
LEGO EV3|
=] ‘
| Fort4
Touch Sersar
reset_button_gamepad
reset_flag)
reset_flag]
From< reset_flag)
reset_flag] From2 reset trigger phi
g From5
From3 " "
B T
u_yew u yaw
u_let | Motor_eit heta
dot_phi_ref e
=
u theta
dot_theta_ref dot_phi_ref uyaw
u_rght | Motor_right dot psi
—»]u dot psi
reset_flag)
dot_phi_ref thets
SR o I From Tobot nput robot1
Constant!
reference fr
e _ref
u_theta|
g ] reset_flag)
u_theta From1
S
dot_psi
u dot_psi
wsaefe—— o ]
u_dot_psi dot_psi_ref
>
Ready 100% ode3d




IMPORTANT LIBRARIES

Simulink blocks are sorted into Libraries. Often with Simulink if you
want to do something new, you need to search through the
documentation to find the name of the block you need.

¥4 libraries_example * - Simulink academic use feliE =
File Edit iew Display Diagram  Simulation Analysis Code Tooks Help
B-o-8|e Eg-E- o4OF  F-w  bm o) @

ries_example

[Pa libraries_example

Examples of Key Simulink Libaries and their common blocks

OB dEe s

A collection of subsystems, each with no inputs or outputs but with small self contained examples inside

Sources Sinks Math Operations Ports & Subsystems

N Signal Routing Continuous & Discrete Logical Operations User-Defined Functions




EXERCISES

» Exercise 1: Firing a cannon

a) Creating a Simple Simulink Cannon Model

b) Intfroduction to Subsystems by Modelling Air Resistance
c) Adjusting Model Parameters

d) Further Plotting

e) Using MATLAB Expressions y >
//
f) Combining MATLAB and Simulink ‘

Ask for help! Talk to us about where you need to use Simulink in your work/research!




SESSION OUTLINE

Short Talk: Simutink Bel L8 B
Exorcise Lo Fir

Short Talk: Linking MATLAB & Simulink,
Good Coding Practice
Other Features

Exercise 2: Systems of ODEs

Exercise 3: Model of Bouncing Ball



SIMULINK & MATLAB TOGETHER

There are many ways in which MATLAB and Simulink interact:

= Run Simulink models programmatically in MATLAB (exercise 1. f)

s = sim('cannon5', 'StopTime', '25"', "MaxStep','0.01");


https://uk.mathworks.com/help/simulink/ug/using-the-sim-command.html

SIMULINK & MATLAB TOGETHER

There are many ways in which MATLAB and Simulink interact:

= Run Simulink models programmatically in MATLAB (exercise 1. f)

s = sim('cannon5', 'StopTime', '25"', "MaxStep','0.01");

= MATLAB Function Block in Simulink

Display



https://uk.mathworks.com/help/simulink/ug/using-the-sim-command.html
https://uk.mathworks.com/help/simulink/ug/creating-an-example-model-that-uses-a-matlab-function-block.html

SIMULINK & MATLAB TOGETHER

There are many ways in which MATLAB and Simulink interact:

= Run Simulink models programmatically in MATLAB (exercise 1. f)

s = sim('cannon5', 'StopTime', '25"', "MaxStep','0.01");

= MATLAB Function Block in Simulink

= —h@

[z 24 5] ] alz $ Display

n
i
o

stder f———

Constant
Display1

MATLAB Function

Main | Callbacks | History | Description | Data |
= Simulink Model Callbacks ‘ Model callbacks Model pre-load function:

PreLoadFcn®
PostLoadFcn

loadvar



https://uk.mathworks.com/help/simulink/ug/using-the-sim-command.html
https://uk.mathworks.com/help/simulink/ug/creating-an-example-model-that-uses-a-matlab-function-block.html
https://uk.mathworks.com/help/simulink/ug/model-callbacks.html

MODEL CALLBACKS

[

P

'b'i exarmnple_matlab_fn * - Simulink academic use

File | Edit View Display Diagram Simulation
Nm » E »
5@ 4
Open... Ctrl+0
Open Recent 3
Close b
B save Ctrl+5
Save As..
Simulink Project 3
Export Model to 3 _l
Maodel Properties b Madel Br
Print » Link to D4
Simulink Preferences Chart Pro
stateflow Preferences 3 State Ma
Exit MATLAB Ctr+Q

Model Properties: example_matlab_fn

Main

Callbacks | History | Description | Data |

Model callbacks

PrelLoadFcn®
PostLoadFon
InitFcn
StartFcn
PauseFcn
ContinueFcn
StopFcn
PraSavercn
PostSaveFcn
CloseFcn

Model pre-load function:

loadvar




SIMULINK & MATLAB TOGETHER

There are many ways in which MATLAB and Simulink interact:

= Run Simulink models programmatically in MATLAB, exercise 1. f)

s = sim('cannon5', 'StopTime', '25"', "MaxStep','0.01");

MATLAB Function Block in Simulink

= —h@

[z 4 3] ] wals “ Display

n
i
o

stder f———

Constant
Display1

MATLAB Function

Main | Callbacks | History | Description | Data |
Simulink Model Callbacks ‘ Model callbacks Model pre-load function:

PreLoadFcn®
PostLoadFcn

loadvar

" Create Simulink models programmatically

set param(‘cannonb', 'PreLoadFcn', 'loadvar')


https://uk.mathworks.com/help/simulink/ug/creating-an-example-model-that-uses-a-matlab-function-block.html
https://uk.mathworks.com/help/simulink/ug/model-callbacks.html
https://uk.mathworks.com/help/simulink/ug/approach-modeling-programmatically.html#butkll8

EXAMPLES IN NOTES > 3: Simultaneous ODEs

P s
. Integrator Integrator2
» 1: Dynamic Systems
Tme .
@—Dtlme
%lﬂemal For e Hewtore 2nd Law Gain
o Farce N . ] [ab cdfu
Force X Poceleration o1 “ilocity o
| position + 1 1 I
D ivide Irtegrator Irtegratort
| velocity A Gain2
Faorce Equatiorns Mass
L3
sty > 4: Linear Systems

Position P> D
wn-s
( ) t 100 £ % 3sin(2pi ft) d S+ 3 wns +wi ’

Clock Slider

Sine Wave Transfer Fcn Scope
Gain

» 2: Ordinary Differential Equations (ODEs)

» 5: Discrete Systems

Integrator] Integrator2 Integrator3 JDelaysp  equivalent Y - o> - e - T‘ :

@—;D t f

Clock

YYy°%

to

Sum

Unit Delay1 | Unit Delay2 | Unit Delay3 | Unit Delay4




| EXAMPLES

Edit View Display Diagram Simulation Analysis Code To

New * | [, Blank Model ctri+N b
3 Open. ctrl+Q L
[Pl Madel..
Open Recent L4 L
B chart..
» MNew Model
Close e s
g Library. -
B save Cirl+S  |[F Project..
Save As.
Simulink Project 4
Export Model ta 4
Madel Properties L4
Print L4
Simulink Preferences
Stateflow Preferences 7
Exit MATLAB Ctl+Q

New Examples

‘ Search

Explore featured modeling and simulation examples for a head start solving your problem using Simulink.

Simulink Documentation | Getting Started

v Simulink

Modeling an Automatic Transmi... Aircraft Longitudinal Flight Control

|

! oo

Simulation of a Bouncing Ball Parallel Simulations Using Parsi...

Blocks and Other Reference

Release Notes

[er——

Modeling a Fault-Tolerant Fuel C...

Introduction to Accelerating Mod...

View All

Four Hydraulic Cylinder Simulati...

Rapid Accelerator Simulations U...

A
x
. Simulation of a Bouncing Ball

;2108 g Open Example |~
prm— By The MathWaorks, Inc.
Secand-Crder Integratce ~ . R .

6 | — This example shows how to use two different approaches to modeling a bouncing ball using

‘ Simulink®.
5
[

Position
w

J
, “Ilﬁ

; ‘ A

M2 M4 06 0E N MNIT N4 FME FA 2
Time




GOOD CODING PRACTICE IN SIMULINK

Keep your model readable

Make use of annotations, but keep them brief
Make use of the colours for different blocks

As your model evolves, don’t be afraid to reorganise



How it Would be Done Today!

Inverse of the

Inertia Matrix
Cmd. _h-i—b v -l Fitch Acceleration -
. Omega dat Rates
Astronaut Attitude 1
R — o= |5 N
Command mea S
fo AumPHD: | imverse times
Faro-Oirder Torque Small Angle Attiudes
Hold at delt Position
Inertia Matriz Initial Rate
Initial Position
Jat Commands Ineriia Puosition
Omea
]
Two Jet MNominal Two Jet Couples
F'““PE'I F't'a"“ S Initialize Data Stores
o
— _G\o-—h- Moflets _G\G-—h- PitchRollJets —
e_edot | Pios. Emmor - — o odot
R Four Jet Twao Jet or Wirite Var Ascent Single  Single Jet (Ascent)  WWite
Read data Four Jet Yaw Jats or Two Jet Yaw  FitchRoll Var -
Couples Couples Noflets PitchRollJets

Read the "Mews & Motes" article
about this model over the web.

{Double-Click Hare)

Copyright 1920-2017 The MathWorks, Inc.

aero_dap3dof



How it Would be Done Tod!

nvarse of the
Inartia Matrix

Read the "Mews & Motes" article
about this model over the web.

{Double-Click Here)

Copyright 1930-2017 The MathWorks, Inc.

Cmd. # [ Attitude Cmd. Yaw Jats # [Fitch Accelaration Initial Position
+ Martrix
Astronaut Attitude Multiply - ]
Command : . b 5 N
o Autopilot B [l | attitude Meas., Pitch/Roll Jats » —— 1 P —— %
Zero-Crrdar Torque 3m3”_-'°f='"9'“ Attitudes
Haold at delt Reaction Jet Control Mux ) Fositian
a
- Hertia Rates
- e
—
C] Position
i Matrix [
Jet Commands L Multiply [ O™e8
I Omega
B - Two Jet Mominal Two Jet Couples
ase gne P
Plat 2 —.._5\9_ —_— 2 > _G\G_ p— Initialize Data Stores

— —# Moflets —# PitchRolllets —

e_adot » Pos. Error 4 ——»o — 1 ———Fo = edat

Four Jet Two Jet or Write Var Ascent Single  Single Jet (Ascent) Write
Read data Four Jat Yaw Jets or Two Jet ¥aw  PitchRoll Var .
Couples Couples Moflets PitchRollJets

aero_dap3dof



GOOD CODING PRACTICE IN SIMULINK

Keep your model readable

Make use of annotations, but keep them brief
Make use of the colours for different blocks

As your model evolves, don’t be afraid to reorganise

Try not to ‘bury’ key values in blocks (they are easily forgottenl)

Combat this by adding automatic annotation to plots or blocks

Set up key parameters in a MATLAB script



GOOD CODING PRACTICE IN SIMULINK

Keep your model readable

Make use of annotations, but keep them brief
Make use of the colours for different blocks
As your model evolves, don’t be afraid to reorganise
Try not to ‘bury’ key values in blocks (they are easily forgottenl)
Combat this by adding automatic annotation to plots or blocks
Set up key parameters in a MATLAB script
Use tools when debugging
Make use of the Display options to find dimension mismatch problems

Use temporary scopes or displays to investigate errors

You can’t know everything Simulink does — use documentation & google!



THE SOLVER

So, we've been modelling systems, that is solving equations.
Yet we haven’t had to code up any numerical analysis techniques.

The useful thing is that Simulink takes care of that for us.
But we still need to know what it is doing behind the scenes!

([
B

EH-e d® P

Model Settings

All of the settings related to
how to numerically solve
the equations of the model
are found in “Model
Configuration Parameters”
Cog.

7 ~

& Configuration Parameters: untitled/Configuration (Active)

=

= [ |

Q

Solver
Data Import/Export
Optimization

» Diagnostics
Hardware Implementation
Model Referencing
Simulation Target

Start time: 0.0 Stop time: |10.0

Solver options

Type: |Variable-step
¥ Additional parameters

Max step size: |auto Relative tolerance 1e-3
Min step size: |auto Absolute tolerance: |auto
Initial step size: |auto Shape preservation: |Disable All

Number of consecutive min steps: |1

Zero-crossing options

Zero-crossing control: |Use local settings * | Algorithm: Monadaptive

Time tolerance: 10™128%eps Signal threshold:

Number of consecutive zero crossings: | 1000

Tasking and sample time options
Automatically handle rate transition for data transfer

Higher priority value indicates higher task priority

~ | Solver: |auto (Automatic solver selection)

oK H Cancel II

Help

-
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OTHER FEATURES - DASHBOARD

HE Simulink Library Browser EIIEI . . . .
& o selector S =R, [ N Control and visualize your Simulink models
. . . .
Simulink/Dashboard during simulation and while paused.
4 Simulink -
Commenly Used Blocks Caliinck
omeny Daten [E=—]
Dashboard
Drmnﬁanrl.lities Callback Button Check Bax "ﬂ\j —b{ : }—i- u ‘ ¥ : p{my_resulis
Discrete . in fon
Logic and Bit Operations l:El [ U
Lookup Tables
Math Operations Comba Bax Dashboard Scope
Model Verification
Model-Wide Utilities 20
Ports & Subsystems E
Signal Attributes
Signal Routing Display Edit a
Sinks )
Sources / . i 7
=) A7) :
String N_/ — Block Parameters: Edit @
User-Defined Functions
 Additional Math & Discrete Gauge Half Gauge 3 Edit Field
» Quick Insert T
* HDL Coder Set value to tune parameters or variables.
> Simulink 30 Animation
> Simulink Coder Knob Lamp
» Simulink Extras
Stateflow —
Recently Used | = -
®© M@=
Linear Gauge MultiStateImage
N
Align: [Center v]
Push Button Quarter Gauge
= Label: [Hide v]
Radio Button Rocker Switch
[ OK ] [ Cancel ] [ Apply ]
/ 1 2 3
Rotary Switch Slider v




OTHER FEATURES - DASHBOARD EXAMPLE

sldemo fuelsys
bi sldemo_fuelsys * - Simulink academic use EI@

File Edit View Display Diagram Simulation Analysis Code Tools Help
BrorE e Be-E-edOP P B w w5 @

sldemo_fuelsys

(& sidema_fu

' Salector

= ideg)
Throttle —
|:| Command —\
B ldeg)
throttle_sw il =y 1]
Dashboard - throttle »| engne spead  o2_out
Throttie Angle —| (rad!S} iracis) b
Fault Switch Throttle_Angls_Selector
N irad/s) — by
engine_speed > radis Tl hrotle angia  WAP -
Engine Speed speed_sw > '~ 20} (e (b}
= speed
Engine Speed b
Fault Switch . S—
Engine_Speed_Selector] l3's) las Y
gins_spesd_ Convert sensors el | Convert | fuel aufusl ratio
— T fuel 1950 ey 41
i
™ To Plant
ego_sw | - Engine Gas Dynamics
0o_: 1 o o Dy
EGO Fault Switch —
e fuel_rate control
02_Voltage_Selector fuel l lﬁir_fuel_rat\a
>
{bar)
map
MAP Fault Switch —
MAP

To Controller

Open the Dashboard subsystem to simulate any combination of sensor failures.  Copyright 1990-2017 The MathWarks, Inc.

v @ E

Ready 100% odeas

open_ system([matlabroot '\toolbox\simulink\simdemos\automotive\fuelsys\sldemo fuelsys'])


https://uk.mathworks.com/help/simulink/ug/tune-and-visualize-your-model-with-dashboard-blocks.html

OTHER FEATURES - MASKS

A mask is created from a subsystem. A masked subsystem:
* Offers a custom interface for that subsystem
* Hides the content

* Makes system appear as a "built in" block (custom icon & parameter dialog box.)

@—b In Out1 >

Clock1

Subsystem

line2

To Workspace

Subsystem

| I— = | | ]

Mask

1 masking_example_1/Subsystem - S
File Edit View Display Diagy]

-O-8 <« o
Subsystem

@ |[Pa|masking_example_1 ¥ |Pa(Sub
@
EZ
~
In1
g
=)
O
e
Ready

Black Parameters: Slope
Gain

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

Main | signal Attributes | Parameter Attributes |

Gain:

E

Multiplication: | Element-wise(K.*u)

” Cancel ” Help

Apply

@—b / ——»{ line1l
Clock mx + b To Workspace
Block Parameters: mx + b @

Slope and Intercept (mask)

Models the equation for a line: y=mx+b.

Farameters

Slope

Intercept
2

OK ” Cancel ][

Help

]

Apply




OTHER FEATURES — MASKS WITH DASHBOARD

* 2| Mask Editor: AC System

Icon & Ports| Parameters & Dialog | Initialization | Documentation

Controls

= Parameter
Edit
[ Check box
= Popup
@ Radio button
[s] DataTypeStr
Min
Max
“ Slider
3 Dial
Spinbox
% Promote

= Display
=3 Group box
(3 Tab
i1 CollapsiblePanel

= Action

& Hyperlink
@ Button

)

Prompt
%<MaskType>
%<MaskDescription>
Parameters

Manufacturer's Information
This AC is manufactured by X...

User's manual

XYZ AC Control Panel
Power On

(N/A)

Main Controls
Humidity

Auto Shut Down Time

Name
DescGroupVar
DescTextVar
ParameterGroupVar
Container3
Control2
Control3
Containerd
ControMd
Container5
Containerb
Parameterl
Parameter2

Drag or Click items in left palette to add to dialog.
Use Delete key to remove items from dialog.

Property editor
E Properties
Name
Value
Prompt
Type
Minimum
Maximum
B Attributes
Evaluate
Tunable
Read only
Hidden
Never save
E Dialog
Enable
Visible
Callback

E Layout
Item location

Horizontal Stret...

Parameters

» Manufacturer's Information

Main Controls
Humidity

vy

[Currei

IRECRR U B P Ut DRt o VO |

~N
N
o

| Unmask | [ Preview |

(o) () (o) (o)

ok ) (Cancel ] [utielp.] [ Apply ||

For intro to masks, see this video. For how to create a mask using the Mask Editor, see this video.



https://uk.mathworks.com/videos/creating-a-mask--masking-fundamentals-1480968643715.html
https://uk.mathworks.com/videos/creating-a-mask-parameters-and-dialog-pane-120638.html

OTHER FEATURES — HARDWARE SUPPORT

Simulink can be used to interface with lots of different hardware.
It is used to develop algorithms to run standalone on devices.

ARDUINO

RaspberryPi

HOME EDTOR PUBLISH
=1 = P iz, New Variable B | Analyze Code & a_’ [:,_Sn Community
L o 3 (] Find Files v H I *a | [ {©) Preferences E% (2
_ @. Open Variable « . éf' Run and Time o 5> Request Support
New New New Open |iz| Compare Import Save Favorites Simulink  Layout ﬁ Set Path Help
Script  Live Script = - Data Workspace [ Clear Workspace ~ - [*# Clear Commands = - ~ &l Learn MATLAB
FILE VARIABLE CODE SIMULINK ENVIRONMENT £
E% Get Add-Ons -
dm = 5 E ;v Ho» ITMYWORKDOCS » 1 MATLABE » MathWorks Courses and Marketing » Erics courses » Intro To Simulink Course » Course Develo
Current Folder ® S\Intro To Simulink Cours: % Manage Add-Ons E
MNarne | fire_canon.m | msd.m | friction_student.m | =+ |
o, - = . . . . . : ) : 8 Package Toolbox —
Examples For Presentation () This file can be opened as a Live Script. For more information, see Creating Live Scripts, ¢
Exercise Solutions PP B — - P P
slpri % FireCannon.m Script to run Simulink Model of Firin g a Cannon @ Package App

- clear variables

| Get Hardware Support Packages

- Check for Updates >

ch 1 d= W k)



Example Arduino blocks:

OTHER FEATURES — HARDWARE SUPPORT

ARDUINO ARDUINO ARDUINO
mnr FAVAN > @
Pin 8 Pin 4 Pin9
Digital Input Analog Input Standard Servo Write
Example EV3 blocks:
LEGO EV3 LEGO EV2 LEGD EVa
= > ‘D *
Up Port 1 Port 4
Button Color Sensor Encoder
Example Raspberry Pi blocks:
RASFBERRYF! v b RASPBERRYF RASPEERRYPI
o= = T
o Sy @’ :}C:;j
.
Cr [ lad0 (Green)
V4L2 Video Capture LED ThingSpeak Write

Tweeting Security System



https://uk.mathworks.com/videos/raspberry-pi-based-security-system-using-matlab-and-simulink-123580.html
https://uk.mathworks.com/videos/arduino-project-solve-a-rubiks-cube-with-a-webcam-servos-and-matlab-106501.html
https://uk.mathworks.com/help/supportpkg/legomindstormsev3/examples/line-tracking.html?prodcode=SL

SIMULINK VERSIONS

Simulink models created in newer versions must be exported before use
in older versions.

From 2018b major improvements:
Automatic Port Creation, Edit on Block Icon & Simulink On Ramp

P Input
WheelS d !
HH eelSpee -
2 - B Tire Torque STOP
fire torque
Wheel Speed
"'\-\._\_\_“-\.‘-\
— 1/R
;/r/ Vs yout
Vehicle speed
— (angular) &
|
1 |
J 4>.
Vehicle e
5 Sd
speed

Stopping distance


https://uk.mathworks.com/help/simulink/release-notes.html
https://uk.mathworks.com/help/simulink/release-notes.html

| SIMULINK ONRAMP

Download for
2018b

Free

Great Content
~3 hours

,
S ——————

SIMULINK"

3 Open...

Recent

P, libraries_sxample.six

Py sldemo_fuelsys six

By masking_example_1.slx

P simulink_quick_ref_models.six

P SomeFigs six

. example_matlab_fn slx

*i example_matlab_fn_dasahboard sk

1 masking_example.mdl

Projects

i@ From Source Control «

fall From Archive...

Learn
(& Simulink Onramp

New Examples

Search All Templates  ~ E

-

v My Templates Learn More

You have not created any templates. Learn how to create templates.

v Simulink

iIc ol

9
Blank Model Blank Library

[ e

Folder to Project

Blank Project

=
==



http://bit.ly/SimulinkOnRamp

File Edit View Display Diagram Simulation Analysis Code Tools Help

k- -8 BReg-EH-@ @G ®P = - e Normal - @ -

Training - Tasks ¥ x | Simulink_Onramp | Training - Assessment LI 4
4.2 Basic Logic Simulink_Onramp - | Task 2 Signal
s @ Sorry, that is not correct. Please resoclve the issues with the following assessment blocks: Signal E]
Task 1 Assessmenti. 2 ' '
Task 2 e
155
The Compare to Constant block (Simulink > Logic and =
Bit Operations) determines how a signal compares to a g
|| specified constant. The constant value is specified as a s 1
block parameter. =
O 0.5
TASK
1. Copy and paste the existing Sine Wave block. 0
and change its Frequency to 2 radisec. 0 2 4 6 8 10
2. Add a Compare to Constant block to the model Time
L] and connect it to the 2 rad/sec Sine Wave and ~— Signal requirement —— My signal ® Incorrect
the Signal Assessment block.
3. Set the parameters such that the block outputs
1 when the signal is greater than or equal to (2) @ -.’_QI T ] [ (e ol
0.1. » = I
Sine Wave MRS
Freq, 1 radisec X Does the connected signal meet the requirement?
Hint | See Solution | Reset
i
Il Task3 =1
i Sine Wave1 Compare
Further Practice Fraq, 2 radisec To Constant
|
i
[CF
I [-H]
H
»

Ready 109% auto(VariableStepDiscrete)
=




WHERE NEXT?

* Try Exercise 2 or 3
* Use the Examples on launch
* Explore the features mentioned in this talk

* Ask for support installing MATLAB
* Visit the Simulink Getting Started webpage for videos

* If you have your own laptop, try Simulink Onramp

4MathWorks Products  Solutions Academia Support Community ~Events

Simulink

erview  Getting Started  What's New § Trialsoftware  §, Contact sales

It's easy to start using Simulink. Explore the following
and tutorials to get up and running quickly:

More in the Series

® Part 2: Adding a Controller and Plant to the Simulink
Model (5:31)

® Part3 Viewing Simulation Results (6:04)

® Part 4: Tuning a PID Controller (2:44)

® Part 5: Comparing and Saving Simulation Data (4:30)
® Part 6: Managing Your Simulink Model (4:22)

® Part 7: Adding Components to Your Simulink Model
Getting Started with Simulink, Part 1: L
Building and Simulating a Simple Simulink

Model

® Part 8: Modeling Continuous and Discrete Systems in
One Simulink Model (4:4

® Part 9: Using Templates and Examples (6:20)



https://uk.mathworks.com/products/simulink/getting-started.html
http://bit.ly/simulinkfeedback

ON RAMP COURSE CONTENT

1. Course Overview

See what Simulink Cnramp has in store
v Course Overview

v Running Simulations

2. Simulink Graphical Environment

Learn about Simulink blocks and signals

v Blocks and Parameters
v Identifying Blocks and Signals

3. Inspecting Signals

Visualize signal values during simulation

v Inspecting Signals
v Simulink Scopes Overview

5. Obtaining Help

Access documentation from Simulink

v/ Obtaining Help

6. Project - Automotive Performance Modes
Practice working with math and logic operators

v/ Project - Automotive Performance Modes

7. Simulink and MATLAB
Use MATLAB variables and functions in Simulink

v MATLAB Warkspace Variables
v MATLAE Function Block

8. Dynamic systems in Simulink

9. Discrete systems

Model discrete-time systems

v Discrete Systems

10. Continuous systems
Model continuous-time systems

v/ Continuous Systems

11. Simulation Time
Choose the simulation duration

v Simulation Time

12. Project - Modeling a Thermostat
Practice your understanding of discrete dynamic systems

v Project - Thermostat

4. Basic Algorithms Review dynamic systems and learn how they relate to Simulink

Use math and logic operators to write algorithms 13. Project - Peregrine Falcon Dive

v Dynamic Systems Practice your understanding of continuous dynamic systems
v Mathematical Operators
v Basic Logic

v Conditional Statements

v Project - Peregrine Falcon Dive



| ONRAMP TEXT & QUIZZES

f -
4\ Simulink Onramp

B )
-
A\ Simulink Onramp -

Simulink Onramp  (13% complete) 1sobel Mear @)
Simulink Onramp - % compete) Bl 2.2 dentifying Blocks and Signals: (2/2) Quiz
E 2.1 Blocks and Parameters® (1/2) Introduction

4= PREVIOUS NEXT =3

Quiz
Simulink Basics

(Select all that apply) Which of the following is true about Simulink signals?

As you've just seen, Simulink uses graphical elements to represent the inputs, outputs, and calc
Connections between blocks are made at ports

["]Signals contain data that can be constant or time-varying
4~ Output pott [] Signal flow is bidirectional.

[ Signals are represented by lines with arrowheads
Integrator

Input part =

A signal is a piece of infermation, such as a numeric value, which can change over the course of

signals at input ports, perform an operation, and return signals at output ports. Signal lines are vi m
block ports and show where a signal flows: from output ports to input ports, and in the direction of

RY

e

To connect blocks, first click on a port. All suitable connections will be )
highlighted. Click on a second port to create the connection.

Click the Next button below to create your first Simulink model

il % PREVIOUS NEXT =%




20188 — LINKING VARIABLE NAMES

F N
Block Parameters: Sine Wave Iﬁ

Sine Wave

Output a sine wave:
O(t) = Amp*Sin(Freq*t+Phase) + Bias

Sine type determines the computational technique used. The parameters in
the two types are related through:

Samples per period = 2*pi / (Frequency * Sample time)
Mumber 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: ’Tlme based ']

Time (t): [Use simulation time ']

Amplitude:

myG|

E myGain 3 Base Workspace
o

Frequency (rad/sec):
1

Phase (rad):
0

Sample time:

0

Interpret vector parameters as 1-D

,’). OK H Cancel ” Help H Apply




| WHERE IS MATLAB/SIMULINK USED?

r'/:\_z.._,..\“
¢ BANK OF ENGLAND | BAE SYSTEMS

TEsco KSREANAIR ARM FUJITSU
MEBIRA ALSTOM gma

EEEEEEEEEEEEEE

Examples of companies using

MATLAB
SIMULINK®

dstl] & ArBuS ~
AstraZeneca @

@ Honeywell :
o THALES John Lewis ‘/

@ soenve Vodoone
GlaxoSmithKline /
% REALTEK DeutscheBank OBC XV @

RaspberryPi

SIEMENS




OTHER FEATURES - MASKS

(5——

Clock

Create a mask by
selecting a subsystem.
Right-clicking & select:
Mask>Create Mask

S—

mx

il fF &<

y

Explore
Open In New Tab
Open In New Window

Cut

Copy

Paste
Comment Through
Comment Qut

Delete
Find Referenced Variables
Subsystem & Model Reference

Format
Rotate & Flip

Arrange

Mask

Bl
Signals & Ports
Requirements

Model Advisor
Fixed-Point Tool...
Identify Modeling Clones

Block Parameters (Subsystem)
Properties...

Help

line1 |

You can inspect by

Ctri+X

Cri+C Right-clicking & select:

Ctri+V

CtrbsShiftey Mask>Look Under Mask

Ctrl+Shift+X
Del

4 Edit Mask... Ctrl+M
Add Icon Image...
» Mask Parameters...

Look Under Mask Ctri+U

Create Model Mask.. Ctrl+5hift+M



4\ MATLAB R2018a - academic use

=
HOME APPS. EDTOR VEW e =N vIEsanch Documentation jel
— =] Find Files Insert =1 i -
o2 19 < 5 & & ) 43 Go To Diagram () Simulstion Target 2]
Compare v 3 GoTo v Comment % % %3
New Open Save - - Breakpoints  Run  Stop Buid Model [ Edit Data & View Report Help.
- - =i Print = ({ Find = indent = | &z |5 - Model  Model ~ -
FILE N E EDIT RUN SIMULINK
G 3 L » C v Users » engslfd3 » Documents » MATLAB » Examples » simulink_general » sldemo_bounceExample » -
Current Folder ] Variables - ans
Name tout ans
® L slprj [ 261 double
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P sldemo_bounce.sh i q 0.2000 0.4000 0.6000 08000 1 1.2000 14000 1.6000 18000 2 22000 24000 26000 28000 3 3.2000 3.4000 36000 3.8000 4 -
B sldema_bounce_overview.png 2 0 0.5960 11683 16939 21521 25244 27961 29563 29087 29215 27279 24255 20264 1.5465 10050 0424 0A7SL 07666 13276 18356 22704
%/ sldemo_bounce_two_integrators.sh 3
-~
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1 function y = fcn(u) Hans 816
2= |m=uss HH tout 08
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4
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Command Window = - Disgram—Sima T — File Tools View Simulation Help ~ =
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An Introduction to

Using Simulink




D

Dynamic System

Time
(O——»]time

Clock
External Force

In1

Position

P> ext Newtons 2nd Law
Force _ _
Force P X Acceleration Velocity
N » 1/s » 1/s
———— P position *
Divide Integrator Integrator
M
—»{velocity
Mass
Force Equations Velocity




Ordinary Differential Equations
y+ay +by+cy = f(t)

y=f(t)-ay—by—cy

O—L—it f e
Clock 0 E]A;' s 1115 15
- Integrator Integrator? Integrator3
Sum
I.d

q‘ "_\||'I“
Zain
it
Zain

o
ZainZ



Simultaneous ODE
X=1-0.2x—-y
y =X



Simultaneous ODE

—0.2

—1




Simultaneous ODE

U=C+ AU

-0.2

-1




C /5 =
Constant Inteqrator
C




