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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
]| Stop Time  10.0 &
.f:’:. (< Open ~ [5]5] 0¥ = 1] = ] Il = 2
New & save ~ Library Log Ade Signal ] Moroel = Step Ru Stop Data. Logic
- Browser Viewer Table m Fast Restart Back v  ~ o Inspector  Analyzer
FILE LIBRARY PREPARE SIMULATE REVIE
u untitled
a z | B
Z| @
g - Simulink Library Browser - O x
3| & * 5 |Ente|‘ search term |~ |/E;\ -| &
o —_—— L .
= Ed Simulink/Sources
= Logic and Bit Operations |~/ ! g & I =
Lookup Tables signal Builder signal Editor
Math Operations
Messages 7& Evgnts .
Model Verification . i
O Model-Wide Utilities Signal Sine Wave
Ports & Subsystems Generator
Signal Attributes
Signal Routing .’ @
|nks Step Uniform Random
onrces Number
String
User-Defined Functions m
b Additional Math & Discrete
b Quick Insert = Waveform
R e T 9 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

x

'CZI Enter search term - &1 -
Simulink/Sources

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

] >

e —
= [ A

L

Signal Builder Signal Editor
oooo
T [\J b
Signal Sine Wave
Generator
3 Wb
Step Uniform Random
Number

Waveform
Generator

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

oooo
ao

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 Library Browser

MATLAB Simulink

Simulink/Sinks

Logic and Bit Operations e
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
P Quick Insert

4 »

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

oooo

oo

‘(.':I Enter search term |+ Pq - @.‘r e (=

L |

Stop Simulation

Display

XD

Outl

b

simout

To Workspace

-

Floating

Terminator

X

Scope

1@

Record

=

»
#
b
p
A

Graph

i OutBus _signall

Out Bus Element

y(J

Scope

} untitled. mat

To File

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

a screen as shown below:

39



MATLAB Simulink

Block Parameters: Signal Generator - X

Signal Generator

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

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

Amplitude:

random
1 B
Frequency:
1 ]
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:

O

¥

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

G- Fd®P = -&-E° F A

oooo
0o

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 -

odoo Time (t): |Use simulation time -

Amplitude:
1

Frequency:
2

Units: | rad/sec -

v | Interpret vector parameters as 1-D

" | oK Cancel Help Apply

AT

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

File Tools View Simulation

G- BOP =~ 2 & E- F @A

oooo
a0

Ready Sample based T=10.000

—

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

oooo
oo

]

b

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 Layout
Sample time: -1

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

Scale axes limits at stop
Y-axis
Data range (%): 80 Align: Center -

Autoscale X-axis limits

\_J Cancel Apply

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

oooo
ao

et W

b

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

b J

I

Now click on Run button to run the model.

Scope
File Tools View Simulation

G- AP = - C- £ &

Sample based T=10.000

Feady

You can add some more signals 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:

.

"y

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

PHEFARE SIMULAIE HEVIEW RES

- Scope - X
inection, click a port, terminator, or line segmen

File Tools View Simulation

@- B = 2-a&-3F- F &

o =

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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MATLAB Simulink

Simulink/Continuous

* Simulink

Commonly Used Blocks
b Dashboard

Discontinuities
Discrete
Logic and Bit Operations
Lookup Tables
Math Operations
Messages & Events
Model Verification
Model-Wide Utilities
Ports & Subsystems
Signal Attributes
Signal Routing

<}3 Enter search term |« f‘qv @,v ™ v | & L?.a'

PID Controller

) e Ax 4 B
v=Co+ D

"

State-Space

)J\/:b

Transport
Delay

y
>{\/’

Variable
Transport Delay

PID Controller (ZDOF)

1
d 557 F

5+

Transfer Fen

b
b

Variable
Time Delay

.

(s=1)
sls+1)

b

Zero-Pole

Y

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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EHERNGE | Block Parameters: Transport Delay - x|

_?Transport De.l.e.:y
, click a port, terminat 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

)J\/ 1 Initial buffer size:

bt 1024

Use fixed buffer size
Direct feedthrough of input during linearization

Pade order (for linearization):
0

J 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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Explo re
Open

& Cut

Gy Copy

Comment Through

Comment Out

Delete

Create Subsystem from Selection

Format
Rotate & Flip

Arrange

Signals & Ports

Fixed-Point Tool...

Block Parameters {Scope)

Properties...

Ctrl+X
Ctrl+C

Ctrl+Shift+Y
Ctrl+Shift+X

Del
Ctrl+G

MATLAB Simulink

[ e

REVIEW RESULTS

lement. More information. Do not show again

Number of Input Ports 4 1
Input Port Signal Properties kv

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

"\

.
™

Yy

f\/

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 |

(@-B@ P - - &a-[C]- § J-

L | |

Sample hased T=10.000
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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
HE Stop Time | 10.0 »
9F fopn | EE o =Y = e i = iy
New [ save ~ Library Log Add Signal gl Mormal - Step. Ru 5 Stop Data Logic
i Browser A i Jei A @ Fast Restart Back v Inspector  Analyzer
FILE LIBRARY PREPARE . canu aTe ArwowoceL T
Library Browser - O x
5 untitled —_—
4 < ‘Emersearch term vllﬁV’ o~y @ @
H = E L
@ || — Simulink/Sources
I @ :
B o Discrete ) - B [ [&= T -
x| E3 Lagic and Bit Operations Signal Builder Signal Editor
Lookup Tables
=F Math Operations .
Messages & Events - .
Model Verification Signal Sine Wave
Model-Wide Utilities Generator
Ports & Subsystems
| Signal Attributes .’ @
S!g:al Routing Step Uniform Random
Snks Number
String WL‘.
User-Defined Functions
b Additional Math & Discrete | Wawveform
E v Generator =
«

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

O

Scope

)

Join the lines to each block.
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W

Yy
t
Y

A -
R ACope

y

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
File Tools View

@- 90 Pk

Simulation

=@~ Q- F -

Sample hased

MATLAB Simulink

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:

|AII VE

> My Templates Learn Morg

v Simulink

% & 4 #9y

B[] Gy
8—8

]
Blank Model Blank Subsystem Blank Library Project from Git
£
=0 | LEm || TE= "
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 Tme | 10.0 [
Eﬂj (3 Open ~ (O[] 3, = = —— N & Ul - ﬁ
New [ save ~ Library Log Adg Signal > | | Normal & Step Rur Step Stop Data Logic
= [ Signa Viewer Table o Fast Restart Back = = d Inspector Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RES
= untitled
2 @
| Simulink Library Browser CRE
[T @ —
E a |Enie|’ search term |w ‘ ’El o E >y - ®
= E — L
Simulink
= —
[Simuin 8 B
Commanly Used Blocks i ﬂ
Continuous e _h
» Dashboard
O Discontinuities Additional Math  Commonly Continuous
Discrete & Discrete Used Blocks
Logic and Bit Operations
Lookup Tables ﬂT A
Math Operations g -‘ |‘h
Messages & Events
Model Verification Dashboard  Discontinuities Discrete
Model-Wide Utilities
Ports & Subsystems + -
Signal Attributes -
Signal Routing -
] ot 3 Logic and Bit Lookup Math -
1]
«
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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

NN

<

Switch

W N N

Display block from Sinks

y I

Display

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

-|_J’E\‘—> y

et N NS

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:

et
YyYy
T
=

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 — k

chen click a c'_.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 uz ~= 0.

— Main | Signal Attributes
e,

RN a2
—p—= Criteria for passing first input: u2 = Threshold -
Switch
Threshold:
3

¥ Enable zero-crossing detection

‘} 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:

L 4
o

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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MATLAB Simulink

Block Parameters: Constant1 - xI

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

Main | Signal Attributes

Constant value:

Constantl

1 Bl :

v Interpret vector parameters as 1-D i

Sample time:

inf H

9 oK H Cancel H 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:

1

Block Parameters: Constant - %

|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.

Main | Signal Attributes

Constant value:
o5 o) |F

¥ Interpret vector parameters as 1-D
Sample time:
i B

Q 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:

C}— &
Constanit2 v Interpret vector parameters as 1-D

Sample time:

inf

9 0K 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:

0.5

Yyy
W
L%}
!
122}

25

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

_ - X
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 E—
Constanti Constant value: —_—
3.5 E
25 V| Interpret vector parameters as 1-D

Sample time:

inf
9

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

315

YyYYY

>3 04

2.5

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:

Search Al v E

> My Templates Learn More

v Simulink

S

Lk i L
Create Model @ E :’(7 Q
: g—g
e
Blank Model v Blank Subsystem Blank Library Project from Git

S=0 e 9

=

Project from SVN Digital Filter Feedback Controller Fixed-step

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

SIMULATION
i p— Stop Time  10.0
©F Sopn - 5] 3 =y = i i} > = Iy
New [ save ~ Library _Log Ad Signal | 7 | Normal T sep  m Sep  Stop Data Logic M
- Browser Sl ol Table @ Fast Restart Back v - Forward ety Salzan
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
E ) untitled | Simulink Library Browser - O x =
E !Emter search term |~ M‘{ | EHror @ @
& | -_— .
= simulink
EEcY imulin|
g T E
| Commonly Used Blocks i
=i Continuous y _
» Dashboard
=] Discontinuities Additional Math  Commonly Continuous
= Discrete & Discrete Used Blocks
Logic and Bit Operations
] Lookup Tables Qni: Ay m“
Math Operations g -‘ ‘-h
Messages & Events
Model Verification Dashboard  Discontinuities Discrete
Model-Wide Utilities
Ports & Subsystems &5 on
signal Attributes. [ R
Signal Routing e
4 =c e v Logic and Bit Lookup Math =
1}
«

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

@

IE' E constant

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

Model Browser

Constant Ramp
DSP System Toolbox/Signal Operations
Add Constant

String Constant
Simulink/String

Modulo by Constant
Fixed-Point Designer
Compare To Constant

Simulink lso in HOL Coder
Enumerated Constant

Simulind 150 in HOL Coder

Divide by Constant and Round

Fixed-Point Designer

Blocks Actions (Ctri+.)

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

oy > (I

LY.AY.4

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
e Main Data Type

Number off OR

5 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.

2}

Jor | [
Logical
Chperator

"}

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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h
I

OR

Yvw

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 — W

Constant

! I~ output the constant specified by the 'Constant value' parameter. If
Conetant '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

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

Y
I

OR

wy

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

|

OR

Ywy

Similarly, you can design the AND and other gates.



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
HE Stop Time | 10.0
O Cyopn ~ WA 3y =Y = & @ = %
New [ save - Library Log Add Signal ¥ ||| Normal T step Run Sto) Data Logic
- Browser Signal ewer Table mg Fast Restart Back v - 1 Inspector  Analyzer
FILE LIBRARY PREPARE SIMULATE REVIEW RESULTS
o untitled
2 ® Simulink Library Browser — o x|
E — ‘ Enter search term | = | '& = E *Ov @ @
o | @ - ¥
3 i Simulink
= -
L | simulink B E
=% Commonly Used Blocks I
Continuous |_h ‘h
=] » Dashboard
Discontinuities Additional Math  Commanly Continuous
Discrete & Discrete Used Blocks
O Logic and Bit Operations
Lookup Tables QT N\
Math Operations E -! ‘-h
Messages & Events
Model Verification Dashboard  Discontinuities Discrete
Model-Wide Utilities
Ports & Subsystems + =
signal Attributes - X
Signal Routing o=
i = 5 Logic and Bit Lookup Math ~
7]
«
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:

Bl L= SiEn Run Step 5 it et 1
Table et Coct Dactart Bart Conuned I Analyzer
PREPARE Explore REVIEW RESULTS
Open
nnection, click a port, terminato % Cut CIriEX pdel element. More information. Do not show again
Copy Ctri+C
Comment Through Ctrl+shift+Y
Comment Out Ctrl+Sshift+X
i Delete Del
E Create Subsystem from Selection Ctri+G
_ S Format »
% Rotate & Flip »
Arrange >
1
3
PO FE— P 1
Input Port Signal Properties » 2
Fixed-Point Tool... 4
Block Parameters (Scope) Mole =
Properties...

Connect the lines as shown below:

v 3+

e 2
T
» L
»

£

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

File Tools View Simulation

G- B@P ~ =-aQ- 3 F &

Sine Wave
Derivative
Integrator

Feady Sample hased T=10.000

So, we have three signals sine wave, derivative and integrator.
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