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Lab Overview - Hardware
STM32H735G .

MB1520-H7351-A02
A195100068 @:=h

STM32H735G-DK
| EDK32H735GSAT1

4
=
v Rsw
*  MB1520B
G-

* Arm® Cortex®-M7 core-based

* Two 16-bit ADCs and one 12-bit ADC, two 12-bit DACs
« Two audio jacks for input/output

 4.3-inch RGB TFT-LCD display
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STM32H735G

(e
EXC LTI

OB

MB1520-H7351-A02 B2

A195100068

beoaramm N b s
USB port for Programming Signal Signal Coden STM32H7
And Debugging Input Output (Girrus) MCU

e For moreinformation, click HERE


https://www.keil.arm.com/boards/stmicroelectronics-stm32h735g-dk-revb-35e5d2f/documentation/
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Lab Overview - Software

STM32CubelDE Installation Guide

2. I Get Softwarel

Part Number 4  General Description Latest version Download All versions
+  STM32CubelDE-DEB STM32CubelDE Debian Linux Installer 1.14.0 3 " Saloctversion
+  STM32CubelDE-Lnx  STM32CubelDE Generic Linux Installer ~ 1.14.0 St T
+  STM32CubelDE-Mac ~ STM32CubelDE macOS Installer 1.14.0 Solontversion
+  STM32CubelDE-RPM  STM32CubelDE RPM Linux Installer 1.14.0 St
+  STM32CubelDE-Win STM32CubelDE Windows Installer 1.141 Salactversion
I

1. Todownload the program, go to STM32CubelDE
2. Scroll down the Website to find ‘Get Software’
3. Click and Download the OS Version you are using



https://www.st.com/en/development-tools/stm32cubeide.html
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STM32CubelDE Installation Guide

M32CUbWDE - N0} | O
X € 9 O @ (% steomfen/developmenttoolystmiZcubeide himl * Ol LOW
B outibe @ Youlube Mtk <) DIM e MUT whbosd @) ECE 4455 Lab Com.. () Ed Discuasion 3 ASIC devign tab . (] Hello - Al Sasponsa » | [ 2E A
License Agreement -
Al features FestursdWoos  Recommended for you
n
Description [ SThacroatectorics STM32CubeIDE - x
Please indicate your acceptance or NON-acceptance by selecting *| ACCEPT “I DO NOT ACCEPT" as indicated below in the media. Welcome 1o the STMicroelectronics.
STM32CubelDE is an all-in-one multi-Of ‘,’ STM32CubelDE Wizard m.
BY INSTALLING COPYING, DOWNLOADING, ACCESSING OR OTHERWISE USING THIS SOFTWARE PACKAGE OR ANY PART THEREOF e
(AND THE RELATED DOCUM N) FROM STMICROELECTRONICS INTERNATIONAL N.V, SWISS BRANCH AND/OR ITS AFFILIATED s
COMPANIES (ST OELECTRONICS), THE RECIPIENT, ON BEHALF OF HIMSELF OR HERSELF, OR ON BEHALF OF ANY ENTITY BY e
WHICH SUCH RECIPIENT IS EMPLOYED AND/OR ENGAGED AGREES TO BE BOUND BY THIS SOFTWARE PACKAGE LICENSE ® Sk g e T o et St o
Ay s s P et

AGREEMENT,

P 2 allows the integration of
I ; Ok et o ontrue,
complete the features of the
ensing terms for any third-party software incorporated in this M 4 i complots ths fstures of §

here below), the redistribution, reproduc nd use in source and binary forms
onditions are met ‘ : u be
-
kysniBizBton code ge Atany

Redistribution of source code (modified or not) must retain any copyright notice, this list of conditions and the following
ing configuration of the peripherals or middleware and regenerate the

Under STMicroelectro
nd applicable Open Source Terms (as define

ights and subject to applicab

intellectual property

out modification, are permitted provided that the followir

1

11 2 bOBIY oF Ihe Selection s
1+ can retum o the initialization a

disclaimer.

N

Redistributions in binary form, except as embedded into microcontroller or microprocessor device manufactured by or for
STMicroelectronics or a software update for such device, must reproduce the above copyright notice, this list of conditions
and the following disclaimer in the documentation and/or other materials provided with the distribution

w

Neither the name of STMicroelectronics nor the names of other contributors to this software package may be used to endorse
watch

or promote products derived from this software package or part thereof without specific written permission.

S

This software package or any part thereof, including modifications and/or derivative works of this software package, must be

AN Sanbiinnn

used and execute solely and exclusively on or in combination with a microcontroller or a microprocessor devices
A A2 eam ST
w0118

manufactured by or for STMicroelectronics EH

4. Read and Accept the License Agreement. Accepting it will start
download. You will find a ZIP file downloaded.

5. Unzip the ZIP file and Run the .exe file inside. You will see the CubelDE
Wizard
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STM32CubelDE Installation Guide

|[[ sTMicroelectronics STM32CubelDE = X [l sTMicroelectronics STM32CubelDE = X
License Agreement Choose Install Location
Please review the license terms before installing | Choose the folder in which to install STMicroelectronics |
STMicroelectronics STM32CubelDE. | STM32CubelDE. |

Press Page Down to see the rest of the agreement. Setup will install STMicroelectronics STM32CubelDE in the following folder. To installin a

different folder, dick Browse and select another folder. Click Next to continue.,
STMicroelectronics Software License Agreement

SLAD048 Rev4/March 2018 I

BY INSTALLING COPYING, DOWNLOADING, ACCESSING OR OTHERWISE USING THIS
SOFTWARE PACKAGE OR ANY PART THEREOF (AND THE RELATED DOCUMENTATION)

FROM STMICROELECTRONICS INTERNATIONAL N.V, SWISS BRANCH AND/OR ITS L

AFFILIATED COMPANIES (STMICROELECTRONICS), THE RECIPIENT, ON BEHALF OF Destination Folder

HIMSELF OR HERSELF, OR ON BEHALF OF ANY ENTITY BY WHICH SUCH RECIPIENT IS

EMPLOYED AND/OR ENGAGED AGREES TO BE BOUND BY THIS SOFTWARE PACKAGE C:\ST\STM32CubelDE_1.14.1]
LICENSE AGREEMENT.

If you accept the terms of the agreement, dick I Agree to continue. You must accept the Space required: 2.7 GB
agreement to install STMicroelectronics STM32CubelDE.

Space available: 303.7 GB

o~

<Q-k 1 Agree Cancel
6. Click ‘l Agree’to proceed

o e

7. Use the Default Destination Folder or Browse for a specific folder. Click Next
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STM32CubelDE Installation Guide

[ sTMicroelectronics STM32CubelDE = X | [ sTMicroelectronics STM32CubelDE =
Choose Components ! _ = 3
:  Choose which features of STMicroelectronics STM32CubelIDE you | | r completlng STMicroelectronics
| wanttoinstal. - | ] STM32CubelDE Setup
X = life.augmented
Check the components you want to install and uncheck the components you don't want to | STMicroelectronics STM32CubeIDE has been installed on
install. Click Install to start the installation. your computer,
Click Finish to dlose Setup.
{ )
Select components tall: SEGGER J-Link drivers TR - ﬁ
8 . T w | @ Create desktop shortcut
i |
|
|
Space required: 2.7 GB |
|
< Back Install Cancel | Back Finish Cancel

8. Make sure to check both ‘SEGGER J-Link drivers’ and ‘ST-LINK drivers’. Click Install
9. Installation will be completed within few minutes
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STM32CubelDE Installation Guide

[ sTMicroelectronics STM32CubelDE = X | [ sTMicroelectronics STM32CubelDE =
Choose Components ! _ = 3
:  Choose which features of STMicroelectronics STM32CubelIDE you | | r completlng STMicroelectronics
| wanttoinstal. - | ] STM32CubelDE Setup
X = life.augmented
Check the components you want to install and uncheck the components you don't want to | STMicroelectronics STM32CubeIDE has been installed on
install. Click Install to start the installation. your computer,
Click Finish to dlose Setup.
{ )
Select components tall: SEGGER J-Link drivers TR - ﬁ
8 . T w | @ Create desktop shortcut
i |
|
|
Space required: 2.7 GB |
|
< Back Install Cancel | Back Finish Cancel

8. Make sure to check both ‘SEGGER J-Link drivers’ and ‘ST-LINK drivers’. Click Install
9. Installation will be completed within few minutes
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STM32CubelDE Installation Guide

[[] sSTM32CubelDE Launcher m] %

Select a directory as workspace

STM32CubelDE uses the workspace directory to store its preferences and development artifacts.

C:#UsersWkaieutDocuments#LAB 4 ‘ [ Browse...]

() Use this as the default and do not ask again

Launch Cancel

4

When opening the STM32CubelDE for the first time, you will be prompted to choose the
workspace directory. Browse and choose the convenient workspace location.

Make sure that the directory path only has english! STM32CubelDE will give errors
when there are non-english paths
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MATLAB

B a ﬂﬂ",?'ﬂ"‘ﬁ! A A Y om0

You will need Matlab for HWs and Labs.
For the installation of Matlab, refer to the UT Wiki or the Course Website.



https://wikis.utexas.edu/display/LAITS/Matlab%2B-%2BHow%2Bto%2Binstall%2Band%2Blicense%2BMatlab
https://users.ece.utexas.edu/~bevans/courses/realtime/homework/matlab.html
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Using MATLAB to setup Starter Code

For each lab, you would need to generate a new project in CubelDE with the starter
codes. Using Matlab and the instructions in Here, you can simplify the process of
making projects.

1. Download Zip File and Setup Script to the convenient location. If the script file
does not download directly, make a new file named ‘lab_setup.m’ and copy/paste
the contents to the file.

2. Next, you have to make sure that both files are accessible to Matlab. You can do it
by navigating to the folder location using Matlab GUI ‘Current Folder’ or through
commanding ‘ed’ on the command window. For those who are unfamiliar with ‘cd’
command, refer to Linux cd command. One easy way is to just move the files to
the default Matlab folder. You can check it at the Matlab Toolbar : Home -
Environment - Set Path. The first path on the list would be the current directory.



https://realtimedsp.net/lab/stm32h735g.html
https://github.com/Real-Time-DSP/lab/raw/main/starter_code/talkthrough.zip
https://github.com/Real-Time-DSP/lab/raw/main/starter_code/lab_setup.m
https://www.geeksforgeeks.org/cd-command-in-linux-with-examples/
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Using MATLAB to setup Starter Code

4\ MATLAB R2023b - academic use

c. Check the path inside

i = g [ [/\ & varisblev » ) L& Analyze Code ’
& B 0 Rrindries 1 WY 3 =1 2 Bal | BB @ preterinces
New New New Open |[|compare Import Clean - 5veWorkspace ppqjpy, & Run and Time Simulink  Layor Al Set Path
- Dota Data 7 Clear Workspace ¥ ¥ (i Clear Commands ¥ -

| Script Live Script ¥

CODE SIMULINK ENVIRONMENT

|l 51a15T © » C > Users » kaieu » OneDrive » 2A » MATLAB v P
|
i Cur Workspace ®|

>> cd Name - Value

a- Use GUI to navigate C:\Users\kaieu\OneDrive\& A
to the folder N

OneNote Notebooks Iew ge mY

Zoom

League of Legends desktop.ini
MATLAB MNEXR X8 office MA! MY

>> cd MATLAB
>> 1s

lab_setup.m
talkthrough.zip

 fx

b. Use ‘ed’ command to
PEREICRSIE S navigate to the folder
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Using MATLAB to setup Starter Code

Command Window ®

55 3. Runlab_setup.m by commanding
c:\Users\kaieu\oneDrive\ @A ‘lab_setup’ at the Command Window. A pop-up
ke window will ask you for the name for the

g | [4] 4455 Project Setup = X

project. Choose the name you want.

22 Choose a name for your project
League of Legends o]

MATLAB

[ ok | cancel |

>> cd MATLAB
>> 1s

lab_setup.m
talkthrough.zip

>> lab_setup



WHAT STARTS HERE CHANGES THE WORLD

Lab Overview - Software

Using MATLAB to setup Starter Code

e @ Choosetempl.. = x . 4. Next, the window will ask to choose an

Choose an example project to start from,

G4\ Users\kaieu\OneDr vl Solda 25 oo o doo akih example .zip file for the project to start from.

> 1s | = : Choose the ‘talkthrough.zip’ file you
OneNote Notebooks IPIRS ¢ mY download ed .

I...(.eague of Legends z:zztop.ini

MATLAB MBI NE office A& T

>> cd MATLAB

>> 1s

lab_setup.m
talkthrough.zip

>> lab_setup
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Using MATLAB to setup Starter Code

Command Vindow ® 5. Finally choose the STM32CubelDE

o~y {4\ Choose workspace - X
oo ka e onay g 6 STHIZBOIDE worpace o st workspace to extract into. Choose the
i | == | workspace you decided to use on the first time
onetote Hotebooks Iles we me opening the CubelDE.
e NS XS oftice HA T
O You will see the lab folder created under the
workspace.

talkthrough.zip

>> lab_setup
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Using MATLAB to setup Starter Code

o Q =&
Boocase
2y i St PR moon i ) it oo
- Seect o directoy 0 e for wising B prjecs e focadase !
ta A-LLEL] x
xne sunven [ PR o, g it » e » »
: project et archive fie . e aE = @
Projects:
it
e
(7Y —
o S
. — =
e s | mave b
rhet, o0 et o
5 e fias . a :
° - 23 .
L]
o LR WEIY
< v Spring 2024 .
L]
L] Reesl-Teme DSP .
& S a " .
o :
ik e
e 9 e [ = L5 osemnton s :
wxampte wxampie LR
C M - —_——— —=———
‘ [ STM32CubelDE manuals ’ ° F ] (e
o L] o ("
° _ o
l B sTMI2 videos |
2 < Back - =
[ W STM32 MPU wiki } l
L
H o rBEL@eEEID A e cum Sl o e s EL.FPEEND At sum S0

6. Open CubelDE. Go to File - Import - Existing Projects into Workspace
Select the root directory as the directory you set in Matlab and click Finish
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Lab O - Review of Prerequisites

— H/W Overview, Programming Reviews

Lab 1 - Overview of Hardware and Software Tools
Lab 2 - Generating Cosine and Sine Waves (2
Weeks)

— Sinusoidal Generation with Different Methods
Lab 3 - Digital Filters (3 Weeks)

— FIR / IIR Filter Design



Lab Overview - Labs

Lab 4 - Pseudo-Random Binary Sequences and

Data Scramblers

— Pseudonoise sequence, Data scrambler /
descrambler

Lab 5 - Digital Data Transmission by Baseband

Pulse Amplitude Modulation (PAM) (3 Weeks)

Lab 6 - Quadrature Amplitude Modulation (QAM)

Lab 7 - Vocoder and Guitar Effects

— Vocoder, Flanger, Distortion
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Data Types

e C language does not provide exact rules for data types
m Example: int
o Must be at least 16 bits, but can be larger
o Must include the range [-32,767, +32,767]. Often,
-32,768 is included as well.
e Toolchain used in lab provides exact specifications for data types
m intl6 t: 16-bit signed integer
m Uuint32 t: 32 bit unsigned integer
m float32 t: 32 bit (single precision) floating point
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Pointers and functions

« Example: measuring clock cycles

Declaring a pointer ‘systick’ and initializing

uint32_tx systick = (uint32_t«) W\; —> as given address, ‘0xe000e018’

void tic(void)
{ T

: Sets value of ‘t’ as a value pointed by
\t = *xgystick;

‘systick’

}

uint32_t toc(void)

{ T~ - Returns the difference between ‘t’ and the
return t — xsystick; > value pointed by ‘systick’

}
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Arrays and For Loops

« Example: Cosine Lookup Table

Declares an array, ‘table’, of 16 elements.

(nt16_t table[16], P> -ach elements are of int_16t’ type.
floar3Z 1 amplitude;
float32_t omega0 = 0.0576;

for (UInt32_t n=0; n < 16; n+=1)
{
amplitude * omega0); —
table[n] = OUTPUT_SCALE_FACTOR * amplitude; . _ _
} I Scale ‘amplitude’ with scaling factor and
store it the array, ‘table’

‘arm_sin_f32’ is an ARM math function that
computes sine function for float32 type
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Linear Buffers and Circular Buffers

« Example: Linear Buffer Shifting

Declares an array, x’, of 16 elements and

floats2_tx{16] = {0k — initialize all elements to 0
void linear_buffer_shift(float32_t new_element)
{

for (uint32_t n=15; n>0; n-=1) Y15 = X4 Using for | o < shifted to th

sing tor loop, the array Is shitted to the
{ XI4 =x12  —p 0 P y
x[n] = x[n-1]; . gnt.
} ‘ : ot .
_ _ . First element of ‘x[0]’ is replaced with a

} x[0] = new_element; %] = XD — ‘new_element

w0 <
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Linear Buffers and Circular Buffers

« Example: Circular Buffer Shifting

Declares an array, ‘x’, of 16 elements and
initialize all elementsto 0

‘position’ is the index of the buffer for
inserting new element

float32 t x[16] = {0};
\
iNt32_t position = 0; O \BL‘_

void circular_buffer_shift(float32_t new_element)\

{
position = (position-l) 16 ‘

X[position] = new_element . _ _
) ‘ Element of x[position]’ is replaced with a

0 ‘new_element’

Using modulo operation, update the index

vY Vv
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Data Types in MATLAB

e By default, every variable in MATLAB is a 2d array of double precision
floating point values

e Touse another datatype, call the corresponding function (single(), int16(),
uint32(), etc)

e View the size and type of variables using the whos() function
By default, i and j represent ,/_1. Be careful naming variables that
overwrite these!

e Data automatically become complex if any multiple of j is added, e.g. 1-3;
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Vector and Array Operations
« Matlab Array index starts at ‘1’ unlike C or other languages!

A= [1,2,3
4,5,6];

B =[7,8,9
3,2,1];

disp(A);

1 2 3
4 5 6

disp(A(1, 1))
1

(: diS;(A(O, 1))| 0

Index in position 1 is invalid. Array indices must be positive integers or logical values.
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Vector and Array Operations

« Example: Element-wise product of Two matrices using for loops

A= [1,2,3
4,5,6];

B =1[7,8,9
3,2,3];

for i_row = 1:2
for i_col = 1:3
C(i_row,i col) = A(i_row,i col) * B(i_row,i_col);
end
end

disp(C)

7 16 27
12 10 6
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Vector and Array Operations

A 2 x3
B 2x3

« Example: Simpler Element-wise product of Two matrices

A= [1,2,3
4,5,6];

B = [7,8,9 % iZS{\ N X N M]
3,2,1]; )( X

c 2= ¥ By % .* returns the element-wise product of two matrices

C3=A P % Transpose using ' will allow Matrix Multiplication
disp(C_2) disp(C_3

TR 22 %KD = IK2

C_ 4 =A*B; % Using * on matrices will perform Matrix Multiplication (1]
N Error using _*
Incorrect dimensions for matrix multiplication. Check that the number of columns in the first
matrix matches the number of rows in the second matrix. To operate on each element of the matrix
) individually, use TIMES (.*) for elementwise multiplication.

/-—_\

Related documentation

% Note that this operation is impossible as the dimensions are incorrect.
%A=2x3,B=2x3
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Creating Plots in Matlab

x = linspace(@,2*pi);
yl = sin(x);
plot(x,y1)
SHtle Ty =TT (x) ")
xlabel('x")
ylabel('y')

1 T

y = sin(x)

o
06 [ /

04 /

o2t/

02F
04}
06

0.8

08} /// \\

Use ‘hold on’ to p

- Use ‘plot’ to represent continuous signals

- Use ‘title’, ‘xlabel’, ‘ylabel’ to label plots and axes

ut multiple plots on one figure

"‘Iegend’ to add legend to plots

plot(x,yl, 'LineWidth', 2,

hold on

‘Color','b")

plot(x,y2, 'LineWidth', 2, 'Color','r')

hold off

legend('y=sin(x)"','y=cos(x)',

'Location', 'southwest')

title('Sinusoidal Signals')

xlabel('x")
ylabel('y")

Sinusoidal Signals

08

06

04

02

0.2

04}

y=sin(x)
e Y=COS(X)

1 L
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Creating Plots in Matlab

x2 = linspace(@,2*pi,20);

y3 = sin(x2);

plot(x, yl1, 'LineWidth', 2, 'Color', 'g');

hold on ‘ ’ H H

stem(x2, y3) - Use ‘stem’ to represent discrete signals
hold off

legend('Continuous', 'Discrete’, 'Location', 'southwest')

title('Sinusoidal Signals : Continuous vs Discrete')

xlabel('x")
ylabel('y')
: R e L Coniuous 12 Discrets, Use the incantation set (0, 'DefaultFigureWindowStyle', 'Docked') tO
°'8: keep all figures in the same window but make an new tab for each
ol "r ﬁ If you are unsure of the syntax of functions
] ~ | inside Matlab, search at Matlab Support. They
\ P have a very detailed description of functions
L in their website with examples.



https://www.mathworks.com/help/?s_tid=gn_supp
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Floating - Point

Why do we need a floating point?

Torepresent real numbers / decimal fractions with a wide range of magnitudes. Broader range
with fractional parts.

Floating-point numbers provide flexibility and a wide range of representations, along with
efficient computational compatibility with hardwares.

Two Main parts of Floating-Point Numbers

28190 . =

1. Significand (Mantissa) : Digits of Number
2. Exponent : Where the decimal point is placed.
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Floating - Point

Significand Exponent Scientific Notation Fixed-Point Representation
15 4 1.5*10* 15000
-2.001 2 -2.001 * 107 -200.1
5 -3 5*103 0.005
6.667 -11 6.667e-11 0.00000000006667

1) https://floating-point-qui.de/formats/fp/



https://floating-point-gui.de/formats/fp/
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Floating - Point

Format Total Bits | Significand Bits | Exponent Bits | Smallest Number | Largest Number

Single 32 23 + 1 sign 8 1.2 *1038 3.4* 1038

Double 64 _52+1sign 11 2.2 * 10308 1.8 * 10308
Al ~ © ~~. 22 0
L [ ecponeni T sgy o & ,
- e Val — (-1 sign 2(E—127) 1 b _2—i
5\3h alue = (—1)™°" x x| 1+ 23—i
i=1

/‘\-—__—__\

1) https://floating-point-qui.de/formats/fp/



https://floating-point-gui.de/formats/fp/
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Floating - Point

e Integer and other fixed-point data types have the same spacing between all
possible values

o Useful for representing natural numbers or the value read from ADC
e Distance between adjacent floating point numbers is variable

o Useful for representing filter coefficients

o Less build up of error for sequences of operations compared to fixed point
e Single precision (near 1.0) is roughly equivalent to 8 decimal points

o Largest possible value is about 3.4x1038

o Near zero, the smallest distance between values is about 1.4x10-4°
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Sampling and Reconstruction

e Sampling (continuous-time to discrete-time conversion)
o x[n] =xz(nTs)
e Reconstruction (discrete-time to continuous-time conversion)
o A continuous-time signal z(¢) with frequencies no higher than  f,,,,can be

reconstructed exactly from its samples x[n| = z(nT's) if samples
are taken at a sampling rate f; > 2faz N
Shonnon — Nqué"‘

LR e
Ty ey
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Transforms

Preview of the Different Transforms we will use in this class

* Laplace Transform
e Z-Transform
* Fourier Transform ec ) I
(
* Discrete-Time Fourier Transform (DTFT) {:(t 4 ne (’p)
 Fourier Series
» Discrete Fourier Transform (DFT)

All of these have certain properties in common (with a few caveats)

* Multiplication «» Convolution
+ Stretch <« Contract
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Transforms

~Laplace 2 TSk,
H(s) H(z)
() < > H(jo) hn] < > H(e")

Fonciey ™ OVET
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Fourier Transform

g
Basic Properties of Fourier Transform
L =5 )

1. Linearity
az(t) +by(t) < aX(w) + bY(w) D. st = = q?(;f 27{

2. Time Shifting

(
u(t) = alt — to) = Y(w) = e X(w) 5 S (H+5%)

3. Frequency Shifting 3 S’Vl 0\'&, __> g (:{\- >
e/ x(t) = X(w — wp) 4 r&.’b(’&) Q sin Q(:?‘) pRis

4. TlmeScallng1 4 5(4:4-
ofat) = —x(2) S (F- foﬁ%X(@B (e f 1@
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Fourier Transform
Example 1. What is a Fourier Transform of
z(t) = (1 + cos (27rt@rect(t))
F(xew) = F(1+copamt) % F (reck o)

2 - .
£ 50 X (cosamidt % > sihe# )

v VA
$866) + 6@+ L SF a0 ] * ST e
= Sihe(H) + 1 £inC(E-) + = gne (R e\
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Fourier Transform
Example 1. What is a Fourier Transform of

z(t) = (1 + cos (27t)) (rect(t))

F(x(t)) (1 + cos (2nt)) (rect(t)))

F(
F(1+ cos(2nt)) = F(rect(t))
{F(1)+ ]:(cos (27t))} * F(rect(t))

{ E5(f_) 55(f-|—1)}*sinc(f)
1
2°

sinc(f — 1) + sinc(f) + %sinc(f + 1)
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Fourier Transform T Ted:bt)
| , TL—L j*)
I PR

v

~

1 L

N
\Vo3

A
X(7)

0 \ oF

-2 -1 l 0 1 2 - 0 T
S

Time [second Frequency [HZz]

z(t) = (1 + cos (2mt)] (rect(t)) Fla(t)) = g sine(f 1) + sinc(f) + 5 sine(f +1)
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Fourier Transform

Example 2. The Fourier transform of a signal is as the following figure. Determine and sketch the
Fourier transform of the signal z;(t) = —(t) + z(t) cos (3000mt) + 2z(t) cos* (50007t)

Proakis, J. G., & Salehi, M. (2014). Chapter 2. Signals and Linear Systems. Problem 2. 47. In Fundamentals of Communication Systems. essay, Pearson.
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Fourier Transform

Example 2. z1(t) = —x(t) + z(t) cos (30007t) + 2z(t) cos® (50007t)

F(x, ) = ~F(2)) +F (2 cet(3ooone))
+ 9O FEHW - o (0oTh) )
==X+ FEWD) £F (corzepone)

<« +2 }(S(C«CXS VR (co;2 SoooTE)
K-imosy | X+15on) Coon — [T@2ay
2 + R T

~_ = 2. B L
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Fourier Transform

Example 2. z1(t) = —z(t) + x(t) cos (30007t) + 22z(t) cos® (5000mt)

x1(t) = —z(t) + cos (3000mt)z(t) + 2 cos® (50007t)z(t)
—z(t) + cos (30007t)z(t) + (1 + cos (100007t))z(t)

F(z1(t)) = F(—z(t)) + F(cos (3000mt)z(t)) + F((1 + cos (100007t))z(t))
= —X(f) + F(cos (3000xt)) * X(f) + F(1 + cos(10000rt)) * X(f)

=X+ { o~ 1500) + 57+ 1500) 4 X (1

F (1 + cos(10000xt)) *

1 1 1

= —X(f) + 5 X(f ~ 1500) + = X(f + 1500) + { - ) F0 500\@
1 1 1

=X +§X(f—15[}0)+2X(f+1500)+ 1) + 5 X(f —5000) + 2 X(f + 5000) Q

— %X{f — 1500) + EX(f +1500) + %X(f — 5000) + %X{f + 5000)
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Fourier Transform

Example 2.

Ll

-5000 -1500
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