


i

Index

www.jgartus.net 2



Using the Simulink Pulse Generator to

enerate a Pulse Stream
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Pulse Stream Signal

N 71 G

\\ / AN IVY

/ Systems Engineering

* There are several ways to generate a pulse stream, depending on the
characteristics of the pulse desired

* The most basic way to generate a pulse stream is to use Simulink’s own
Pulse Generator block

© Copyright 2023-2025 John G. Artus

Time-based is recommended for use with a variable step solver, while
Sample-based is recommended for use with a fixed step solver or within a
discrete portion of a model using a variable step solver.

Parameters
Pulse type: | Sample based
Time (t):  Use simulation time

Amplitude:

Period (number of samples):

Pulse width (number of samples):

Phase delay (number of samples):

Sample time:

Interpret vector parameters as 1-D

LU GHY Sormple based

Use simulation time

Use simulation time
Use external signal

44— Phase —#4——Period—#
Delay
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Pulse Type in Pulse Generator Block

* The Pulse Generator block output can be generated in time-based or sample-based
modes, determined by the Pulse type parameter

Time (t): | LESEYRIpAer

» Time-based is recommended for use with a variable step solver
» Sample-based is recommended for use with a fixed step solver

* |In time-based mode, the block output is based on simulation time
» Simulink computes the block output only at times when the output actually changes
» This approach results in fewer computations for the block output over the simulation time period

» |In sample-based mode, the block computes its outputs at fixed intervals that you
specify

« The block output depends only on the simulation start, regardless of elapsed simulation time

» This block supports reset semantics in sample-based mode

« For example, if a Pulse Generator block is in a resettable subsystem that hits a reset trigger, the block
output resets to its initial condition

© Copyright 2023-2025 John G. Artus www.jgartus.net 5



Examples using the Pulse Generator Block
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Ui
Examples using Pulse Generator Block

tep size)

Simulation time

¥ Solver details
These parameters were chosen to
produce the exact same results as
with the Time-Based pulse

_ -- generator on the previous slide

Example 2

15

Time (seconds)

20 25

Amplitude

A different set of pulse E 63
erio characteristics can be specified to Xampte
Pulse Width generate the same pulse stream by
Phase Delay 20 100 4 50 adjusting the Sample Time to get
the same results L ) -
i . . 1 . Time (seconds)
(ampl Example 4

Time (seconds)

Time (seconds)
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Constructing a Clock-Based Pulse Generator




YARTUS

/ Systems Engineering

Constructing a Clock-Based Pulse Generator

» A pulse can also be generated by using other Simulink elements with, perhaps,
different kinds of control over the output signal generated

* Here is shown such an example based on a linear ramp signal from a clock

5 o [

Relational
Operator

© Copyright 2023-2025 John G. Artus www.jgartus.net 9
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Clock-Based Pulse Generator Overview

/ : Systems Engineering

* |[n this system, a clock generates a linear ramp signal starting at O

* A pulse generator feeds a sampling trigger signal, that triggers the sampling of the
clock signal on both the rising side as well as the falling side of the pulse

NOT

* A constant value is
subtracted from the clock
. . . Relational
signal, essential creating a B Operator
Pulse

signal that is 3 seconds Generator | | Constant
behind the clock signal

* The two signals are fed into
. Tri d

a “greater than” relational Subsystem N

operator

© Copyright 2023-2025 John G. Artus
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Constructing a Clock-Based Pulse Generator (continued) \ JARTUS

» This model uses a fixed-step solver with a step size of 0.0001 seconds

Simulation time

Start time: (0.0 Stop time: | 30.0

Solver selection

Type: |Fixed-step + | Solver: |oded (Dormand-Prince)

¥ Solver details

Fixed-step size (fundamental sample time):

» A pulse generator drives the sampling of the clock signal

* The pulse generator is time-based that operates with a period of 8 seconds

A triggered subsystem simply allows the clock sighal to be sampled on
both the rising and falling sides of the pule from the pulse generator

© Copyright 2023-2025 John G. Artus www.jgartus.net 11



Constructing a Clock-Based Pulse Generator (continued)

* The clock block outputs a
linear ramp starting at
Zero

* The pulse generator signal |
is used to sample the clock |

. . . Pulse Generator Output| -

S]gnal for bOth the ”S]ng triggers the sampling|of the clogk |

Triggered

Subsystem side and the falling side

I Triggered Subsystem |__

* The result is a stair-step
signal starting at zero

i Subsystem Output
Starts at 0 ] 1

© Copyright 2023-2025 John G. Artus www.jgartus.net 12
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Sum
Trggered Subsystem
Full 8 Second Cycle

-
[ 8 \ /
= Output =0 ,..--_-'-"“"

Blue Signal 7-1'
i (Subsystem) -
Is Greater s
i —

[—H e OUtpUt =1
Yellow Signal
15eC (pelayed Clock
Is Greater
] 5 10 15 20 25 30
Time {seconds)
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Constructing a Clock-Based Pulse Generator (continued)

o

15
Time (seconds)

L

I Relational Operator

Full 8 Second Cycle 15

Time (seconds)
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How to Use the Simulink Delay Block




/7: Systems Engineering

» The Variable Integer Delay block accepts an input signal and presents an output signal that is a
reflection of the input signal, delayed by a specified amount

Delay Block Basics

* The amount of delay can be fixed or variable, depending on how the Delay block is set up

» |In the most basic usage, the delay can be set up to be a constant value specified internally to the
Delay block

» |In other usages, a constant or variable amount of delay can be specified by an external signal

* The most fundamental version of the use of the Variable Integer Delay block is shown here

ile  Tools View Simulation Help

Original"Sional
unginat signat

~ Signal \Delay _ ~ Delayed Signal

v
Delay Block Output Signal f\ / \ / \

With Internal Delay Same as Input Signal, but delayed by

Specification value specified by Delay Value

@L 0 Second Dela { Sample based | T=50.000
www.jgartus.net 18
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How to Setup the Delay Interval N

/ Systems Engineering

» For simple circuits involving delays, it is best to set up the simulation solver to be
of type “Fixed-step” (rather than “Variable-step”), for example:

Solver selection

Type: |Fixed-step | - | Solver: |discrete (no continuous states)

¥ Solver details

Fixed-step size (fundamental sample time):

e Then, in the delay block, set the Delay Length Value and Sample time to be
inherited from the solver:

Source Value Sample time (-1 for inherited):

Delay length: [ Didlog f

 To calculate the values needed to give you the delay you want, use the following:

Desired Delay Interval = Delay Length Value * Fixed-step size

* Thus, adjust the Delay Length Value for the Fixed-step size you have set up in
your solver to produced the Desired Delay Interval

© Copyright 2023-2025 John G. Artus www.jgartus.net 19



Delay Block using Internal Delay Specification

* In this usage, the Delay block can be set up to

have a constant delay value specified internally to
the Delay block

» For “Delay length” specify
» Source as “Dialog” and
» Set the Value as desired

» Note: The actual delay amount is calculated as:
» Value * Fixed-step size (in Model Settings)

» To get a 30 second delay with fixed-step size of 0.1
seconds, use Value = 300

A pushbutton in “momentary” mode
is used to generate the original signal

File Teols View Simulation Help

- eRP® - Q- |C-|F

| | _ OriginatSignal
_ I Pushbutton
A . / held only
Delay input signal by a specified number of samples. i momentarﬂy
Main State Attributes
Source Value Upper Limit ‘ : : : I . I
el lengtn: [aiog U o0 | \ Delayed,Signal
Initial condition: |Dialeg  ~ I:I I I I
al Pushbutton
/ / ol held for 10
» The example on the right shows an internal delay seconds
set as 30 seconds

* You can see how the input signal was delayed by

1 B _. -
exactly 30 seconds to produce the delayed signal Reaty |¢ 30 Second Delay
© Copyright 2023-2025 John G. Artus

Sample based T=100.000
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Delay Block using a Constant External Delay Specification Wrri

/‘; Systems Engineering

* In this usage, the Delay block can be set up to have a

gclmslzant delay value specified externally to the Delay
o]

» For “Delay length” specify
* Source as “Input port”

. 'lI)'PisQNill open up a new input port called “d” on the Delay
o]

* Note: The actual delay amount is calculated as:
» Value on “d” port * Fixed-step size (in Model Settings)

» To get a 30 second delay with fixed-step size of 0.1 seconds,
use a Constant block value = 300

QOriginal=Sional
| T T T Iv 1) D T T
Block Parameters: Delay >

| |l Pushbutton
o - sl — held only
Del..ay input signal by a specified number of samples. A// momentari ly
b Source Value Upper Limit | | | | | - | |
oy rs e frov0 ] \ Delayed,Signal
Initial condition: |Dialeg |:I N T \ T T T T T
. B Pushbutton
« The example on the right shows an external constant of held for 10
block set at 300 to produce a delay of 30 seconds seconds
« You can see how the input signal was delayed b

y
exactly 30 seconds to produce the delayed signal

30 Second Dela
© Copyright 2023-2025 John G. Artus

Sample based T=100.000
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Delay Block using a Variable External Delay Specification

/ Systems Engineering | :
* In this usage, the Delay block can be set up to have

P
a variable delay value specified externally to the
Delay block

« For “Delay length” specify
» Source as “Input port”

. -lla-PisllNiu open up a new input port called “d” on the Delay
o]

* Note: The actual delay amount is calculated as:

» Value on “d” port * Fixed-step size (in Model Settings)

» Since the value “d” is variable, the actual delay can be
difficult to know at any one time

Block Parameters: Delay

Delay

File Tools

VYiew Simulation Help

Delay input signal by a specified number of samples.
Main  State Attributes
Data

Source Value Upper Limit
Delay length: Input por ~ 1000 H

* In the example, a sine wave is used as the variable

externally supplied value, which can make for some —
very strange output effects :

© Copyright 2023-2025 John G. Artus

Sample based |T=100.000
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Initial Value using an Internal Specification

* |n this usage, the Delay block can be set
up to have an initial value specified i
internally to the Delay block o

e Tools  View Simulation Help

» For “Initial condition” specify HECLLIE

&-la- @£
. 1) Orlgm‘ahﬁlgnal zal]
* Source as “Dialog s A B A—

\/ Systems Engineering

E:: Parameters: Dela

Delay input signal by a specified number of samples.

| -
Main State Attributes
Data

~  Delayed Signal
Source Value

Upper Limit 0

Delay length: Dialog | (300

= Initial Value = 0.5
* The Initial Value will be output until it is e ——
time to begin outputting the delayed 30 Second Delay Sampl baand [1=50.000
signal

© Copyright 2023-2025 John G. Artus
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* |n this usage, the Delay block can be set up
to have an initial value specified externally

to the Delay block

« For “Initial condition” specify
» Source as “Input port”

» This will open up a new input port called “x0” on

the Delay block
Block Parameters: Delay

Delay input signal by a specified number of samples.

Main State Attributes
Data

Source Value
Delay length:

* The Initial Value will be output until it is
time to begin outputting the delayed signal

© Copyright 2023-2025 John G. Artus

Dilog  v|30
Initial condition: |Input por ~

Upper Limit

File

o -

Tools

Signal

View Simulation Help
GRP® = Q- |C-F
_ Originab$ignal

\/ Systems Engineering

_Delayed Signal

Initial Value = -0.5 /\

30 Second Delay

Sample based T=50.000

www.jgartus.net




Reset to the Initial Value Based On a Signal Trigger \\

[/ Systems Engineering

* In this usage, an external signal trigger is used to return the Delay block to an initial condition that
lasts for the duration of the delay period

* Under “Control” specify
« “External reset” as one of the following (except “None”)

Block Parameters: Delay
Delay

Delay input signal by a specified number of samples.

[Nore | [Noreset |
(Risig | § [ Resetonaringedge |
[Faing || [Resetonaatingeage |

Main  State Attributes
Data

Source Value Upper Limit

Delay length: Dialog

‘ Reset on either a rising or falling edge

Reset in either of these cases:
*  When the reset signal is nonzero at the current
Level time step
J-l-l- +  When the reset signal value changes from nonzero
at the previous time step to zero at the current
time step
Level Reset when the reset signal is nonzero at
Hold the current time step

» This will open up a new input port with the symbol shown in the above table as the indicator of the type of port

Initial condition: |Dialeg
Algorithm

Input processing: | Elements as channels (sample based) ~

[ Use circular buffer for state

Control
[] show enable port

External reset: |Rising

« Once triggered, the Initial Value will be output until the delay has expired at which time the
delayed signal will be output

© Copyright 2023-2025 John G. Artus www.jgartus.net 25
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Reset to the Initial Value on a Rising Trigger

A\ /] G

\ JoJe
'ADTIIC

Fa LAW A L

L/ Systems Engineering [ A

* In this usage, the Delay block is set up to Je Tools View Simulation Help
return to an initial condition when - eRDb® = a0 &

L=l

triggered by a rising signal OriginabSignal =
ReseteSignal :

» The delay is set to 10 seconds

 When the rising edge of the reset signal
is detected, the output goes to the initial "

condition for the duration of the 10 il
second delay f

 Then the original signal is output, L e S
delayed by 10 Seconds Sample based |T=50.000 |

© Copyright 2023-2025 John G. Artus www.jgartus.net 26
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Reset to the Initial Value on a Falling Trigger

* In this usage, the Delay block is set up to todks View Simulation Hieln

return to an initial condition when 9 BRP®| =- Q- &
triggered by a falling signal Originaksigna -
| | I Rleset;ﬁgjgnall | | |
» The delay is set to 10 seconds *
 When the falling edge of the reset signal 4 | , | | ,
is detected, the output goes to the initial - y
condition for the duration of the 10
second delay /
» Then the original signal is output, - Initial Value = 0.5,

delayed by 10 seconds " ' ' B

© Copyright 2023-2025 John G. Artus www.jgartus.net 27
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Reset to Initial Value on both Rising and Falling Trigger

* In this usage, the Delay block is set up to
return to an initial condition when
triggered by a rising or a falling signal

@-|eRPO®|(-| Q- F

» The delay is set to 10 seconds

 When either a rising or falling edge of
the reset signal is detected, the output

goes to the initial condition for the
duration of the 10 second delay \ /
« Then the original signal is output, |

delayed by 10 seconds

le Sample base =50.000
© Copyright 2023-2025 John G. Artus www.jgartus.net 28
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Reset to the Initial Value on a Level Trigger

/

- In this usage, the Delay block is set up to Fle Tools View Smulation Help
return to an initial condition when triggered 0 ARDPO - Q-0 F
by a level sighal

Reset;els.-igna!

Output is
. . ;o'nt.inuously #
» The delay is set to 10 seconds initialized while .
Reset Signal is
* As long as the reset signal is non-zero, the : non-zero

output will be continuously initialized | ' | ' ' ' | ' '

 When the reset signal transitions to zero, the 4
output goes to the initial condition for the ]
duration of the 10 second delay i

i Initial Value = 0.5 i

» Then the original signal is output, delayed by | | | |

10 12 20 s

e

© Copyright 2023-2025 John G. Artus www.jgartus.net 29
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Reset to the Initial Value on a Held Level Trigger

/

* In this usage, the Delay block is set up to | Teds View Smolion He
return to an initial condition when 0| 4RP®|F-| Q-3 F
triggered by a held level signal iginab i

Reset.Signal

Output is
continuously
initialized while 7

 The delay is set to 10 seconds _x Reset Signplis

 When the reset signal transitions to zero, " DelayedSignal
the output goes to the initial condition " Y
for the duration of the 10 second delay :

» Then the original signal is output, \ -
delayed by 10 seconds — s S s B S S— ———

© Copyright 2023-2025 John G. Artus www.jgartus.net 30



Using the S-R Flip Flop Block

to Latch a Signal




\ \ y

\ f J (3.
Purpose YW arTUS
/ Systems Engineering

* To “latch” a signal means to capture it and hold it for some period of time,
possible indefinitely

» Assume that it is desired to latch an output signal that starts at a specified
simulation time, and lasts for the duration of the rest of the simulation

» Assume that a Simulation Operator uses simulation controls to control the
starting of the latched output signal

* The resulting output signal would appear as follows:

Output will remain “latched” for
the duration of the simulation

I

Time “X"” at which
the Operator Sets
the Latch

© Copyright 2023-2025 John G. Artus www.jgartus.net 32



One Possible Solution: S-R Latch

e You can use the basic S-R Latch to turn on (Set) and latch
(hold) a Boolean output signal

« When S goes 0 -> 1 (while R = 0), the output signal (Q) is set to 1
(turned on)

* In this setup, Reset is not used; it is always = 0
« When S = R = 0 the output is unchanged

 This device can be used to advantage in conjunction with
a momentary pushbutton connected to input S

* In such a setup, when the momentary pushbutton is pressed, it
?e1n)ds a signal of amplitude = 1 to S, which Sets the output to on

* When the momentary pushbutton is release, its
value goes back to 0, such that S =R =0,
causing the output signal to remain on (=1)
indefinitely

‘ Turm On ‘

© Copyright 2023-2025 John G. Artus

Simulink Model
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Scope Results for S-R Latch Example Model

File Teels View Simulation Help ke

| s g P o |- Bl # | S

o

Further |
activations of
pushbutton
are ignored

Pushbutton
held for 5

seconds Pushbutton|

held only
momentarily

Output will remain “latched” for
the duration of the simulation

80 L 10

T=100.000
www.jgartus.net 34
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Using the S-R Flip Flop Block

to Produce a Pulse
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Purpose YW arTUS

/ Systems Engineering

« Assume that it is desired to produce an output pulse that starts at a specified
simulation time, and lasts for a specified duration

» Assume that a Simulation Operator uses simulation controls to control the
starting and stopping of the output signal pulse

* The resulting output signal would appear as follows:

Desired Output
Signal

!

Time “X" at which Time “X" + “Y”
the Operator starts at which the
the pulse Operator ends the
pulse

© Copyright 2023-2025 John G. Artus www.jgartus.net 36
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One Possible Solution: S-R Latch

/ : Systems Engineering

* You can use the basic S-R Latch to turn on (Set) and turn off (Reset) a
Boolean (0 or 1, True or False) output sighal

 When S goes 0 -> 1 (while R = 0), the output signal (Q) is set to 1 (turned on)
« When R goes 0 -> 1 (while S = 0), the output signal is set to 0 (turned off)

« When S = R = 0 the output is unchanged

« When S = R = 1 the output is undefined (avoid this condition)

» This device can be used to advantage in conjunction with a
momentary pushbutton connected to input S
* In such a setup, when the momentary pushbutton is pressed, it sends a

signal of amplitude = 1 to S, which Sets the output to on (=1)
« When the momentary pushbutton is release, its

value goes back to 0, such that S = R = 0, causing
the output signal to remain on (=1) until reset
 When R is set to one (with a second momentary
pushbutton), the output is Reset (=0)
» At this point, S = R = 0, which is the initial | Tumor |
condition, allowing the process to repeat |

‘ Tum On ‘

Simulink Model
© Copyright 2023-2025 John G. Artus www.jgartus.net 37



rrrrr
zzzzz

File Tools View Simulation  Help o

@- R PE® = Q-0 F &

Pushbutton
held for 5

seconds Pushbutton Pushbutton

held only | " held only
momentarily momentarily

80 90 100

T=100.000
www.jgartus.net 38
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Using the S-R Flip-Flop in Combination with a Delay Block to
Generate a Pulse with Controllable Pulse Width

AAAA ww’ a button to initiate a pulse of a
d of “Fire-and-Forget” system

s “Fi red”, it will automatlcally be terminated at the
E;::...WH/”W 2 erator can “Forget” about it once the pulse is

www.jgartus.net 39
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Operator Starts a Pulse, that is then Automatically Terminated

> circuit is controlled by a momentary

ols  View Simulation Help

ushbutton that “Fires” off the pulse i

SECICHCE =R RN RN 3

Set
T

Operator uses momentary
4/—pushbutton to launch the pulse
This signal is sent to S-port of
S-R latch

Reset

T I'I'he oriéinal oplerator ilnducedI
* The same momentary signal that fired off the  °‘[ momentary pushbutton signal is also
pUlse iS Sent tO a delay blOCk W]th the When thzecrl];l:;E?eefhealz)s/t:ldo,ctkhe signal
SpeCiﬁed amount of delay %I s sent to the R-port of the S-R Latch
 When the delay is exhausted, the delayed
momentary pushbutton signal is sent to the — [ [ ]
Reset port of the S-R Flip Flop, and the pulse Foreats el tauelod by
is automatically terminated the operator, but
automatically terminated

at theI desireld pulse Iwidth |

Obviously, this simple solution is limited in that the operator

cannot hold the momentary pushbutton longer than the desired

pulse width, or the circuit fails to achieve its objective Sample based |Offset=0 | T=50.000

© Copyright 2023-2025 John G. Artus www.jgartus.net 40
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