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
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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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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.
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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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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:
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