Simulink — Discrete Fourier Transform

1. Start the Matlab engine and type simulink3 at the Matlab command prompt. This will start
the Simulinka3 library.

<) MATLAB Command Window I B
File Edit ‘“iew ‘window Help

D& |4 el @B = 2|

This version is for educational classroom use only.

To get started, type one of these: helpwin, helpdesk, or demo.
For product information, wisit www.mathworks.com.
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2. Toopen anew model select: File - New — Model
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f Note: simulink2.mdl has been deprecated.
——— Plesse use the following command to open the new Simulink library.

open_system{'simulink.mdl’)

Simulink Block Library 5.0
Copyright (c) 1980-2002 The MathWorks, Inc.

(The following window should appear.)
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3. To save the new simulink model select: File - Save As
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4.  Double click Sources, Drag & drop two sine-wave blocks and a summation block from Math
icon of the simulink3 libraries as illustrated below.
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Note: simulink}. mdl has been deprecated.
Please use the following cofhmand to open the new Simulink library.
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5. Open the DSP Library by typing dsplib at the command prompt.
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To get started, type one of these: helpwin, helpdesk, or demo.
For product information, wisit www.mathworks.com.
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6. Open the DSP Sinks library by double-clicking the Signal Processing Sinks icon.
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7. Drag & drop the EET Spectrum Scope block.
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8. Connect the simulink blocks.

FFT
Sine Wave
Spectrum
Scope
Sine Wave1

9. To enter the sine-wave block parameters double-click the corresponding icon.
Recall: Amplitude * sin (2 * pi * Frequency * t + Phase)
where t =0, Ts, 2*Ts, 3*Ts,...



L) Source Block Parameters: Sine Wave

U=se the sample—based =ine type if rnumericzal problems due

to ruurming for large times (e. g. overflow in absolute
time) occur.

— Parameters

Sine twpe: ITime based ;_I
Time (t3: IUSe simulation time -~
Amplitude:

J1

Bias:

jo

Freguency (rad/sec):

|2*pixfc1

Phase (rad):
jo

Sample time:
ITs

I~ Interpret wector parameters as 1—D
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10. Repeat above for the block sine-wavel (careful of fc2)

L= Source Block Parameters: Sine Wave1l

-~
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to rurming for large times (e.g. overflow in absolute
time) occur.

— Parameters

Sine twpe: ITime based L]
Time (t): IUse simulation time ~
Amplitude:
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Bias:
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Frequency (radfsec):
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Phase (rad):
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Sample time:
ITS

¥ Interpret wector parameters as 1-D
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11. Specify fcl, fc2, fs, and Ts at the command prompt.
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simulink3
simalink3
dsplib
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fcl1=10e3:
fc2=12e3:
fs=40e3:
Is=1/fs:
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FH s 2.5000e-05
FH fc1 10000
FH fc2 12000
FH < 40000
FH tout =1000x1 dd
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fc2=12e3:
~-fs=40e3:
~Is=1/fs:
clc
simulink3
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- fs=40e3:
~-Is=1/fs: ~

where fcl and fc2 are the carrier frequencies, fs is the sampling frequency, and Ts is the sampling

time.

11. Enter the following EET scope parameters.

-

Sink Block Parameters: Spectrum Scope

— Spectrum Scope

Compute and displas
spectral densityw of
inputs to the block

the mean—sguare spectrum or power
each input =signal. MNon—frame based
=should use the buffering option.

Scope Properties
— Parameters

I

Displayw Properties ] fxis Properties <4 I >

Spectrum units: IdBW/Hertz

v Buffer input

Spectrum type: ITwo—sided ((—F=-2.._.F=-21)>

L 4

Buffer =size: |64

Buffer overlap: ID

Window: IHanrl

Window =ampling: IPeriodic vI

v Specifs FFT lensth

FFT length: |[1024

MNumber of spectral averages: |2

Q‘
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12.Finally, to enter the Simulation Parameters choose: Simulation — Configurations Parameters.
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Select:

- Solver

-Data Import/Export
~Qptimization
=-Diagnostics

Model Referencing

Saving
#Stateflow

~~Hardware Implemen...

~-Model Referencing

=-Simulation Target

i Symbols

Custom Code

=-Real-Time Workshop
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Configuration Parameters: a/Configuration (Active)

— Simulation time

Start time: ]EI.D Stop time: IIU.D

Solver options

Type: [Variable—step L] Solver: Iode€15 {(Dormand-Prince) L’
Max step size: lauto Relative tolerance: Ile—3

Min step size: lauto Absolute tolerance: Iauto

Initial step size: [auto Shape preservation: ]Disable all L]
Number of consecutive min steps: 1

— Tasking and sample time options

Tasking mode for periodic sample times: futao
|7 Automatically handle rate transition for data transfer

I” Higher priority walue indicates higher task priority

— Zero—crossing options

Zero-crossing control: IUse local settings L] Algorithm: lNonadaptive =
Time tolerance: |10*128*eps Signal threshold: I-au‘r.c‘
Number of consecutive zero crossings: [1000

|

Q‘
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From Type: choose Fixed-step and follow the below setting up and press Apply and click OK
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Select:

- Solver

--Data Import/Export
~-Optimization
=-Diagnostics

iSample Time

Data Validity
Type Conwversion
Connectivity
Compatibility
Model Referencing
Saving
“-Stateflow
~~Hardware Implemen...
--Model Referencing
=-Simulation Target

Interface
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Configuration Parameters: a/Configuration (Active)

— Simulation time

Start time: ]D.D Stop time: IID.U

— Solwer options

Type: IFixed—step L] Solwver: ]discrete (no continuocus states)

Fixed-step size (fundamental sample time): ITS

— Tasking and sample time options

Periodic sample time constraint: IUnconstrained

Tasking mode for periodic sample times: lAutc-
I~ Automatically handle rate transition for data transfer

I Higher priority walue indicates higher task priority

OK I Cancel | Help |




13. Choose simulation and click start or point & click at the play button on the toolbar.

14. Once the simulation is running right click on the scope window and choose
autoscale. The following plot should appear.

a/Spectrum Scope - =
File View Axes Channels Window Help

2B 0 X

Magnitude-suquare db

-100

-110

-120

-20 -15 -10 -5 (0] 5 10 15 20
Frame: 6251 Fregquency (kHz=)

Explain the resulting spectral components by considering the following Fourier transform pair:
. FT 1 1
sin(r fit) < 2—j5(f - fc)—2—j5(f + f.)

15. Change the amplitude of the sine-wavel to 0.5, save the changes, and re-run the simulation.
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Explain the resulting spectrum.

® Change of the sine-wavel to 0.1 and number of FFT to N=16 which is expressed as follow,
explain the results

T=e the sample—based =sine txpe 1f rmmumerical problems due
Tto rumnmnding for large times (el . owerflow in absolute
timel) ococur.

— Parameters=

Sdine twpe: I'J.'ime basz=4 ;I
Time (£ : IUSe simalation time -
Amplitude:

Eia=:

|o

Freguency (rad " ==c):

|z2+pi+fcz
FPhase (rad):
|o

Sample time:

ITS

I+ Imterpret wector parameters as 1—D

- | | »
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=] Sink Block Parameters: Spectrum Scope

— Spectrum Scope

Compute and display the mean—square spectrum or power
spectral density of each input =signal. MNon—frame based
inputs to the block should use the buffering option.

Scope Properties l Display Properties | Axis Properties 4"
— Parameters

Spectrum units: IdBW/Hertz vl

Spectrum type: ITwo—sided {({—Fs=s/2...F=s/-2]1) 'I

¥ Buffer input

Buffer size: IG4

Buffer overlap: I ]

Windows: I Harm L]

Window sampling: IPeriodic v]

I¥ Specify FFT length

FFT length: |16

MNumber of spectral averages: |2

Q I OK I Cancel l Help ] Appls

® Change number of FFT back to N=1024, re-run the simulation, explain the results.

® Change fc2=10500, amplitude of sine-wavel is set to 1 and choose different window function,
re-run the simulation, explain the results.




Spectrum Scope

Compute and displayx the mean—=quare =pectrum or power
zpectral den=itw of each input =ignal. Non—frame baszed
input=s to the block =hould u=se the buffering option.

Scope FPropertie=s I Di=zplay Properties=s I Awi=z Properties CIF
— FParameters=s

Spectrum unit=: IdBw.-'rHer‘tz vI

Spectrum twvpe: ITwo—sided (i—F=s2...F=2]12 vI

I+ Buffer input

Buffer =size: IECI

Buffer owerlap: ID
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