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The Lecture is based on :

NModeling of Digital
Communication
Systems Using
SIMULINK®
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B. Modeling of Digital Communication Systems Using SIMULINK

This book:

» Introduces the reader to Simulink ( An extension of the widely-used MATLAB
modeling tool, and

» Introduces the use of Simulink in modeling and simulating digital
communication systems, including wireless communications systems.

In contrast with other books that treat MATLAB in depth but treat Simulink only
at an introductory level

» This book enables the communication systems engineer to learn and use the
extensive capabilities of Simulink to model a wide selection of digital
communications systems and evaluate their performance for many
important channel conditions.
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GETTING STARTED WITH SIMULINK

» Simulink is a block diagram environment for multi-domain simulation and
Model-Based Design.

» It supports system-level design, simulation, and continuous test and
verification of embedded systems.

» Simulink provides a graphical editor, customizable block libraries, and solvers
for modeling and simulating dynamic systems.

» Itis integrated with MATLAB, enabling you to incorporate MATLAB algorithms
into models and export simulation results to MATLAB for further analysis.
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1.3 SIMULINK BLOCK LIBRARIES

» Building a Simulink model consists of selecting individual blocks contained in
libraries and joining them in a block diagram of the system to be simulated.

Items under new include:

e MATLAB script Simulink
e Simulink model library

MATLAD R20 140
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; Layout | iSetpam  IOSEE
”7 v - Data m_g_mm =i h “c-ym == H
» C: » Users » Default User - P
] (w wm . Workspace O
@) New to MATLAS? Watch this Yides, see Exarpies, or read Getting Staried. x | || Name ¢ | vk
h >>
< | ]
Command Hntory O

CAD — Dr.Eng. Basem ElHalawany



» To view available blocks, select Simulink Library on the MATLAB toolbar.
» This opens the window shown in Figure 1.2.

HE Simulink Library Browser IEI@

File Edit View Help
[ | »  Enter search term - #h &

Libraries Library: Simulink | Search Results: (none) I Frequently Used |

Pl Simulink

-

Commonly Used Blocks ‘é'la";:“h" feed Continucus H Discontinuities R

Continuous . —

Discontinuities ® . i

Dizcrete L Tabl Math Model Model-Wide Forts &
ookup Tables Operstions [#] Veerification Utilities %Ol Subsystems
Signal Attributes @ Signal Routing ;;E Sinks -EI\‘-’- Sources E E:it:;::zd

Logic and Bit Operations
Lookup Tables
Math Operations
Model Verification
ModekVvide Utilities
Ports & Subsystems
Signal Aftributes
Signal Routing
Sinks
Sources
User-Defined Functions

- Additional Math & Discrete
> |Py| Communications System Tt
> |Pa| Computer Vision System Ti
#4| Control System Toolbox
4| DSP System Toolbox
1| Data Acquisition Toolbox
» [*&l Embedded Coder
> |Pa| Fuzzy Logic Toolbox

7 EEl (2]

3| HOL Coder

- |Pg| HDL Verifier

#3| Image Acquisition Toolbox
P3| Instrument Control Toolbox
1| Real-Time Windows Targel
1| Report Generator

*a| Robust Control Toolbox ™
T b

Showing: Simulink

» The Simulink Library Browser shows a listing of available Simulink blocks.
» The focus in this book is on modeling digital communication systems, and the
blocks you will find most useful are contained in:
v" The basic Simulink block library
v" The Communications System Toolbox and
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1.4 BUILDING A NEW SIMULINK MODEL

» To begin building a new Simulink model, on the MATLAB toolbar, under the

HOME tab, pull down New and select Simulink Model.
» This will open a blank Simulink model window, shown in Figure 1.3.
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Figure 1.3

Simulink Model Blank Window.
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First Simulink Model

1.4.1 Inserting Signal Source and Scope

first Samulink Model .'n'm
He Edt Vew Dsplay Dagram Smulation Anslyss Code Tools Hep
IR BN B-Er » = | @~ oo [Rerma |-~
& | malrrst_semank Model \ =
a \

&l

= Opens the

& New model name Simulink Library

| Browser

»

Heady I 100% odeds

Figure 1.4 Simulink Model Window Renamed First_Simulink_Model.
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First Simulink Model 10

1.4.1 Inserting Signal Source and Scope

» First, in the library window, click on Sources to open the window shown in Fig. 1.5.
» With both the First_Simulink_Model window and the Simulink Library Browser
window open, left-click on the Sine Wave icon and drag a copy into the model.
v' Alternatively, you can right-click on the icon in the library and select Add to
First_Simulink_Model.

EE Simulink Library Browser E@

File Edit View Help

E | »»  Enter search term -~ H &

Signal Routing

Sinks

Sources

User-Defined Functions
Additional Math & Discrete
Communications System Tt
Computer Wision System T
Control System Toolbox
DSP System Toolbox —
Drata Acquisition Toolbox
Embedded Coder

Fuzzy Logic Toolbox

HOL Coder

HDL Verifier

Image Acguisition Toolkox
Instrument Control Toolbox
Real-Time Windows Targed
Report Generator

Robust Control Toolbox i
4 | [} | [

Libraries Library: Simulink/Sources | Search Results: (none) I Freguenthy Used |

P Simulink - o
Commonly Used Blocks [ _I‘Elﬂri'-_'td'i:n-!mid Chirp Signal ®> Clodk B Constant ;:’ ter Free-
Continuous. ite Noise | WWg ~~  ~_ ¢ ¢ [C_]  FRunnn ]
Discontinuities T

. i

Discrete - Ceounter Limited - Digital Clock EnumErstEd From File amin b From Weorkspace
Logic and Bit Operations Lonstant
Lookup Tables
Kath Operations EF Ground b In1 @ Pulse Generator Ramp Random
Model Werification I! L NMumber
ModekWide Utilities
Ports & Subsystems i L Repeating L Repeating Se- L Repeating roug ot R . oooon L Signal
Signal Attributes = Sequence L"‘L‘ quence Interp... h'I-L|' Sequence Stair % = Signal Builder ao Generator

Sine Wave Step Uniform Ran-

dom Mumber

I S S S S s S

Showing: SimulinkiSources




First Simulink Model
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1.4.1 Inserting Signal Source and Scope

» Next, add a scope to the model by returning to the Simulink Library Browser and
clicking on -Sinks, selecting scope, and dragging a copy into the model window,

now shown in Figure 1.6.

Ele Edt Yiew Display Diagram Simulation Analysis Code Jools Help
B O-B- 4o

=, -

Fir st_Senulnk_Moded

S

e v 0.0

First Simulink Model
Sine wave amplitude:1V
Frequency: 1 rad/s

]

Sine wave Scope

Connect the source to the scope by
clicking and dragging a line left-to-right
between the arrowheads

VonableStepDuscrete

In the figure, the
Sine Wave block has
been connected to
the Scope by
clicking on the
arrow head at the
Sine Wave output
and dragging a line
to the
corresponding
arrow head at
the input to the
Scope




First Simulink Model

1.4.1 Inserting Signal Source and Scope
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Another block, entitled Model Info, is previous Figure and is available in the
Simulink library under Simulink Model-Wide Utilities.

Dragging it to your model and double clicking on this block opens a text box.

This utility is very useful for conveniently displaying the parameters of each
simulation model

EE Simulink Library Browser [
File Edit View Help

@, 1 » Entersearchterm - H 8

Libraries Library: Simulink/Model-Wide Utilties | Search Results: (none) | Frequently Used

4 %] simulink X . .
Commonly Used Blocks | s Blodk Support DoElog vodel v | Model Info Tet Tllmed.-EalsEd T.ngge.f-Ea!sed
Continuous Table Taie Linearizaticn Linearizaticn

Discontinuities
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Logic and Bit Operations )

Lookup Tables

Wath Operations

IModel Verification

Model-Wide Utilties

Forts & Subsystems
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Sinks

Sources

lzer-Defined Functions
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] Communications System Tc
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First Simulink Model 13

1.4.1 Inserting Signal Source and Scope

» Model Info under Simulink Model-Wide Utilities.

B Model Info: SinAmp E=R|EEH =55
Meodel Info
Creator: Basem Model properties: Enter text and tokens to display on Model Info block:

Meodel Mame: SinAmp
[ = ] [modeinfo -

Creator il Creator: %<=Creator=
Modified By A Model Hame: %-<ModelName=
Modified Date 5

ﬁU .":r‘ﬁh‘""‘* — ] :jnﬂif:a:i CI:I.I'I'II'I'IEI'It i
. L,..o-"‘"' odel Version
Sine Wave Gain Scope Model Name

-

Dies ~rintinn

Horizontal text alignment: | Center - Show block frame

0K | [ cancet | | Help | [ appy |




1.4.2 Setting the Source Block “& Source Block Parameters: Sine Wave @

Sine Wave

Pa ra mete rs Output a sine wave:
Oft) = Amp*Sin(Freq*t+Phase) + Bias
> In the mOdeI WIndOW’ dOUbIE'CIle on Sine type determines the computational technique used. The

the Sine Wave icon- th|s Opens an parameters in the two types are related through:
’
information window for the Sine Wave Samples per period = 2%pi / (Frequency * Sample time)
> Many types Of Options and pa rameters Mumber of offset samples = Phase * Samples per period [ (2*%pi)

Use the sample-based sine type if numerical problems due to running

can be ChangEd for large times (e.g. overflow in absolute time) occur.
» For more details, you need to open borameters

help for the Simulink documentation, Sine type: [Time based =
acceSSible by CIiCking on the Help Time (t): [Use simulation time v]
button. Amplitude:

1

Bias:

]

Frequency (rad/sec):
1000

Phase (rad):
0

Sample time:

0

Interpret vector parameters as 1-D

J QK ][ Cancel H Help Apply




1.4.3 Setting Scope Parameters

» In the model window, double-click on the
Scope icon, opening the Scope display, shown

in Figure 1.8.

» At this point, the display is blank, since no
simulation has been started with this model.

» The gear-like icon on the toolbar opens the
Scope Parameters window, which has three

pages.
H'Scnpe' parameters E\ (=] @
General|| History || Style
Axes
Number of axes: 1 | Finating Scope
Time range: auto I Legends
Tick labels: |bottom axis only |
al
sampling | none
Decimation huum ax only
‘ oK ‘ Cancel ‘ Help Hﬁlpphr i

Figure 1.8 Scope Display.

n'ﬂcope' parameters E\ [=] @[u Scope' parameters E\ (=] @
General || History || spyje General|| History | Style
Limit data points to last. | 3000 Figure color: Axes colors:
D Save data to workspace 1
Properties for ling: |1 v
ScopeData '
Array Ling; |05 v
Marker: none v
OK ‘ Canc&l‘ ‘ Help ‘ ‘ Apply Ok Cancel ‘ Help ‘ ‘ Apply




1.5 EXECUTING THE SIMULINK MODEL

Execute Simulink model

File Edit VYiew Display Diagram Simulation
-

Frst_Smulnk_Model

@

First Simulink Model
Sine wave amplitude=1 volt
Frequency=1 rad/sec

Figure 1.12 Executing the Simulink Model.
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1.5 EXECUTING THE SIMULINK MODEL

» After execution for 1 rad/sec sine wave

_- =101
Sola~ilURKR Bas »

5 T T T T T T T T T

4 -
3~ 1
2-- ------ =

24 =
Note: One cycle completed :
G oercesisrsonrcasratetrorronsssrdoanisresrrons in 6.28 seconds S AsiEetaty
5 1 1 i 1 1 i 1 1 1
0 1 2 3 4 5 £ 7 8 9 10
Tme offset: 0

Figure 1.13 Scope Display After Executing the Sine Wave Model.
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1.6 RECONFIGURING THE SIGNAL BLOCK

» An important feature of Simulink: Simulink blocks are designed to accept
signals and parameter values as vector inputs.

» The time-based Sine Wave model in Figure can be modified to generate two
sinusoids instead of just one.

» A simple way of doing this is double-clicking on the Sine Wave block, opening
the block parameters window, and changing the frequency (rad/s) setting by
inserting the two-element vector [1 10].

This configures the Sine Wave block to
generate two sinousoids, one at 1
rad/s, the other at 10 rad/s.
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1.6 RECONFIGURING THE SIGNAL BLOCK
> Another way of configuring the G Soure ok s T Ve S

Sine Wave block to generate the e e r

Output a sine wave:
two sinusoids is to specify the
frequency (rad/s) as f in the block

O(t) = Amp*Sin(Freq*t+Phase] + Bias

Sine type determines the computational technique used. The

pa rameters W| ndOW parameters in the two types are related through:
’
> and deﬁne the Va riable f by Samples per period = 2%pi [ (Frequency * Sample time)
inse rting the statement f - [1 10] Mumber of offset samples = Phase * Samples per period / (2*pi)
into the MATLAB Com ma nd Use the sample-based sine type if numerical problems due to running
for large times (e.g. overflow in absolute time) occur.
Window. . :
arameters
— Sine type: [Time based v]
»> £ =[10 20]
Time (t}: [Use simulation time v]
Amplitude:
f = 1
Bias:

0

10 20

Frequency (rad/sec):
F i
Phase (rad):

0
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1.7 SAMPLE-BASED SIGNALS

» If the simulation model is changed by S Weve

selecting Sample based in the Sine (Aot s e
o) = Amp=Sin(Freq™t+Phase) + Bias
type Parameters e i et et s el o e st o B

are relabed through:

» the Sample time is set t0 0.1 (SECONAS) | | uries per period = 251/ (recuency = sampie tme)
and the number of samples per period | || " ofemetsemsies = frase “sampies perperod 250

Use the sample-based sine type if numerical problems due to running for large times (=.g.

is set to 10. e e

FParameters:

Sine type: |Sample based

Time (t):  Use smulaton tme
file Edit Yiew Display Duagram Semulstion Anslysis Code Jooks Help

-8 OG- B-4OP » @~ v  » @ -

First_Smuink_Model_samgie_besed

|
Firt Simulink Model sample-based
Sine wave amplitude=1 volt
samplesperiod=10
sample time=0.1 sec

o D1 D

&3
o

Sine Wave

0.1

[+ Interpret vector parameters as 10

9 [ ox

Figure 1.19 First Simulink Model Modified for Sample Based computation. Figure 1.18 Sample Based Selection in Sine Wave Block.

Copy curmrent view of the model to the clipboard as a bitm
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1.7 SAMPLE-BASED S1GNALS

» If the simulation model is changed by
selecting Sample based in the Sine
type Parameters

» the Sample time is set to 0.1 (seconds)
and the number of samples per period resulting sample values
is set to 10.

0 - -

G a<@0N% DaH
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1.8 SENDING DATA TO WORKSPACE

» By adding the “To Workspace” block from Simulink Sinks
» The To Workspace block causes the output data from the Sine Wave block to
be saved and examined for subsequent use such as plotting.

= ———
ol

Be &0t fon Quiy Dogum Seuiin s Coe Toos e _ To Workspace =
~ B @D d AP o = | I i Write input to specified timeseries, array, or structure in a
- ﬂ i)U @ E @\ w ™. I ! 3 v workspace. For menu-based simulation, data is written in the
Frst_Simunk Mode_gimout | MATLAB base workspace. Data is not available until the simulation
is stopped or paused.
(- l(:.f-sl_mn_%_ml v
a To log a bus signal, use "Timeseries" save format.
o+ Parameters
Firg Simulink Model sample-based _
= Sine wave amplitude=1 volt Variable name:
6 Samplespenod=10 simout
sample time=01 sec
B Limit data points to last: -
inf
" ]
¢“ Decimation:
.
Sine Wave Scope 1
Save format: [Timeseries -
smout Log fixed-point data as a fi object
To Workspace Sample time (-1 for inherited):
» -1
Ready 150% FueedStepOcrete

1

Figure 1,22 Sending Simulation Data to Workspace.

[ oK ] [ Cancel ] [ Help Apply
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1.8 SENDING DATA TO WORKSPACE

Current Folder (GO g5 Variables - simout
Mame = | simout |
Apps Hﬂ 1:l double timeseries
B test_ford.m
|| untitled.skx.autosave Tirne series narme:
I Time Data:l
0 ]
0.2000 09511
0.4000 0.5878
0.6000 -0.5878
) ) ) 0.8000 -0.8511
Option: Timeseries 1| 24193016
1.2000 09511
Details A 1.4000 0.5878
1.6000 -0.5878
Workspace @
1.8000 -0,8511
Mame = Value Min M ax
7 simout 4] double timeseries -0.9511 0851 | || Show event table
H tout 51x1 double 0 10
Current time: uniform 0 to 10 seconds

Command Window

(@) New to MATLAB? Watch this Video, see E
Jx >>

' i r
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1.8 SENDING DATA TO WORKSPACE

Option: Array
Mame | simout |
Apps HH 514 double
B test_for.m
|| untitled sh.autosave 1 2 3
1 l:' Edit View Inset Tools Desktop Window Help
2 01253 | §
T NEdL| b | R UDEL- |3 08|aD
4 0.3681
5 04818 1
6 0.5678 08l
7 05845
8 0.7705 B
9 08443 04l
10 0.9048
02}
Details ~ U 09511
12 09823 0r
Workspace G 13 0.9980 0ol
Marne « Value Min Mazx 14 0.9980 '
CEISimeut  51x double 09980 09980 | |15 09823
H tout 5141 double 0 1 16 0511
< |
Command Window

@ Mew to MATLABT Watch this Video, see Exa

>>» plot (tout,simout)
Jx >>

CAD - Dr.Eng. Basem ElHalawany 24



1.9 USING MODEL EXPLORER 25

» Model Explorer is a tool available to provide the user with the ability to view,
modify or add elements in the Simulink model and workspace variables.
» To open the Model Explorer, select Model Explorer under the View tab in the

Simulink model window.

Model E:q::l

l File Edit Wiew Tools Add Help
e r,
(el 13 @ & . 4 38 & &
Search: by Mame + Mame: @{ Search
Model Hierarchy E = cContents of: untiled® (only) Filter Contents Sink Block Parameters: To Workspace
a simulink Root _ To Workspace
-bi Column view: |Block Dat = | Show Details 8 of 9 object{s) \lj"" L . . . .
E Base Workspace Write input to specified timeseries, array, or structure in a
I titled= workspace. For menu-based simulation, data is written in the
L= Mame BlockType OutDataTypeStr Oy MATLAE base workspace. Data is not available until the
EI Model Workspace simulation is stopped or paused.
‘fﬂ,- Configuration (Active) To log a bus signal, use "Timeseries™ save format.
E Code for untited
Parameters
@l Simulink Design Verifier results
@ Advice for untited BEess s
P Sine Wave = simout
b Scope Scope Limit data points to last:
F To Workspace ToWorkspace inf
Decimation:
1
Save format: [Tlmeseries - ]
Log fixed-point data as a fi object
Sample time (-1 for inherited):
-1
4 | 10} | 3
Contents | Search Results




1.11 Selecting Model Configuration Parameters

» In the Simulink model window, pulling down the Simulation tab and selecting
Model Configuration Parameters

Cmﬁgumtlun Parameters: untitled/Configuration (Active u

Select: Slmulatmn time

j| Sober Start time: 0. Stop time: 1

Data Import/Export
|| = Optimization

> Diagnostics Solver options

Hardware Implementation _ . .
Model Referencing Type: [erd-step ] Solver: [DdEB (Bogacki-Shampine)
> Simulation Target
g Fixed-step size (fundamental sample time): auto

> Code Generation
> HDL Code Geny Simulation Target i

Tasking and sample time options

Periodic sample time constraint: lUnconstrained *]

Tasking mode for periodic sample times: lAuto T]

m

["| Automatically handle rate transition for data transfer

["1 Higher priority value indicates higher task priority

» User can specify the:
v simulation start and stop time and
v’ choose the solver for the simulation
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1.11 Selecting Model Configuration Parameters 27

Simulation: Simulink Solvers

e A dynamic system is simulated by computing its states at
successive time steps over a specified time span, using
information provided by the model

e This entails repeatedly solving a set of difference or
differential equations describing component blocks in the
model of the system being simulated

e The process of solving the model at successive time steps 1s
referred to as simulating the system that the model represents

e Simulink provides an assortment of solvers, each geared to

solving a specific type of model
Stop time: 1

v The Solver here is selected as ode-45, sover: B
which, in general is the best first choice discrete (no continuous states)

auto | pde8 (Dormand-Prince)

1 i ode5 (Dormand-Prince
as a solver for most Simulink models.

ode3 (Bogacki-Shampine)
Jode2 (Heun)

@ odel (Euler)

Auta | 0deldx (extrapolation)




1.11 Selecting Model Configuration Parameters

» Solver Options: Salver options

» For both fixed-step and variable-step Tie: Fdtep 7| Soler

. S Varizble-s
solvers, the next simulation time is Fimd_e o

the sum of the current simulation
time and the step size.

o With a fixed-step solver, the step size remains constant
throughout the simulation

o With a variable-step solver, the step size can vary 1n an
adaptive fashion from step to step to maximize efficiency,
while meeting specified error tolerances

29
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» Solver Warning Example (1)

» If the model is modified where the Sine Wave block is chosen to have a Sample-
based Sine type and a 0.1 s Sample time is entered,

» The model execution will produce a warning message seen at the bottom of the
Simulink model.

= | % K B |4 @ | @

untitled

w Simulation &1
3:48:05 PM 10/27/2015 Elapsed: 0.1681 sec

/1y The model 'untitled' does not have continuous states, hence Simulink is using the solwver
'FixedstepDiscrete' instead of solver 'ode3'. You can disable this diagnostic by explicitly
specifying a discrete solver in the solver tab of the Configuration Parameters dialog, or by
setting the 'Automatic solver parameter selection' diagnostic to '‘none' in the Diagnostics
tab of the Configuration Parameters dialog

Component: Simulink | Category: M.A.

» The model 'untitled' does not have continuous states, hence Simulink is using
the solver 'FixedStepDiscrete' instead of solver 'ode3'.
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untitled

» Solver Warning Example (2)

> Bad resolution

View 2 warnings 100%

/1y Unable to determine a fixed step size based on the sample times in the model 'wntitled',
because the model does not have any discrete sample times. Picking a fixed step size of
(@.2) based on simulation start and stop times. You can disable this diagnostic by
explicitly specifying a fixed step size in the Solver pane of the Configuration
Parameters dialog box, or setting the 'Automatic solver parameter selection' diagnostic
to 'none' in the Solver group on the Diagnostics pane of the Configuration Parameters

dialog box.

4 [ ——————_— |
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» Solver Warning Example (1) 32

> Bad resolution | SONer optons

can be solved
by changing
the step size
to improve the
resolution

Slver: ‘nde? (Bogacki-Shampine)

Type: | Fixed-step v

Fixed-step size (fundamental sample time): auto

Solver aptions

L

Solver: |ode3 (Bog

Fixed-step size (fundamental sample time): 164

Type: ‘Fixed-step

o |

E I RN E IR




Examples
(1) Integration and Signals Multiplexing

W simple_model E=RRCE x|
File Edit View Simulation Format Toeols Help
= i &S 2 IZIII |"1-:|n'na |
T —
LV »
Sine Wave
Scopa
1
N
Integraice
100% odeds

» Integrator: Simulink- Continuous
» Integrator: Simulink — Commonly used Blocks
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Examples: (2) Fourier Series

1.2 Leta(r) = [sin{f) + Lsin(3n) + 1 sin(Sr)].

a. Develop a Simulink model for x(f) with an included information
block. Assume a 10 s simulation time.

Parameters

3, untitled *

Sine type: [Time based

File Edit VWiew Display Diagram Simulation Analysis Code Tools Help

Time (t): [L.Ise simulation time Pl ~ CE @) -~ K 'SON™ (&) ~ 1.0 = @ ~ .
Amplitude: untitied 1

4,|‘r|'Ji = unt’tledl hd
Bias: Q

0 . v

=% Sine W ave

Frequency (rad/sec): ' / | ,—ED

1*2%pi P\UJ g
LT 22 Amplitude:

4/(3%pi : I\,

A0 4/(5p) =y

Blas: Bias:

0

]
Frequency (rad/sec):
quency (radfsec) Frequency (rad/sec):
3*2%pi
P 5% 2%pi
Phase (rad):
(rad) | Phase (rad): ]
. 0 - Dr.Eng. Basem ElHalawany 34
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Examples: (2) Fourier Series
Bl 2=~

R EEIEE LIEE
f‘_ﬁ Function Block Pammeters:_ lﬂ

sum

Add or subtract inputs. Specify one of the following:

a) string containing + or - for each input port, | for spacer between ports
(e.g. ++|-|++)

b) scalar, == 1, specifies the number of input ports to be summed.
When there is only one input port, add or subtract elements over all
dimensions or one specified dimension

Main | Signal Attributes

Icon shape: lround

List of signs:

Sample time (-1 for inherited):

-1

Time offset: 0
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Examples: (2) Fourier Series

» Different Plotting

w1 Fourier_series_one_plo

File Edit View Display Diagram Simulation Analysis Cede Tools Help

bz - e @-=H-4® P @~ w0 » @ v E@ -

Fourier_series_one_plot

® Fourier_series_nne;llot -
(C
Ed I
[
= Sine Wave 1
- -
>
A ] Scope
W
Sine Wave
Al
W
Sine Wave2
»
Ready View diagnostics 100% oded
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Examples: (2) Fourier Series

» Different Plotting
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