EE 1130
Freshman Eng. Design for

Electrical and Computer Eng.

Class 2
Signal Processing Module (DSP).
Matlab and Simulink.
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e
~——Signal Processing Engineer
We are detectives of hidden information in signals.
Communication signals: obtain the information.
Signals from CO2 sensors, heat sensors, etc.
Data from Hard Drives.

Data from Computers to computers.

In order to do that we need to master MATHEMATICS!!
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P — ProbW

Imagine you are an Electrical Engineer Signal Processing
proficient. A medical doctor running a Hospital building hires
you to solve the following problem:

Doc: “Our EKG readings show a garbled signal and I can
not diagnose my patients correctly”.

o M’“

He is expecting this kind of signal:
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F— ProbW

e What is the difference?.

* The above signal has and ondulation (low frequency
envelope)

» Besides that, it is noisy (has a lot of ripples or high
frequency component)
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o “Matlab -

Matlab is a powerful tool for mathematical/engineering research
and development. It is also useful to students to easily computate
or solve almost all mathematical and engineering problems.

This Signal Processing Module will use Matlab as a development
and teaching tool.

Matlab is learned in the course EE 3220 Software Applications
In Electric Engineering.
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o “Matlab -

We will use the Simulink part of Matlab for two main purposes
Inside this DSP Module:

We will emulate/modelate a low frequency signal corrupted
with an additive noise (high frequency signal).

Design and implement a FILTER that will eliminate a high

frequency component (ripple or noise) meanwhile leaving
untouched a low frequency sine wave.

This phenomenon is common in any electrical system, where
the 60Hz signal from the power lines corrupt a signal of
Interest as an Electro EncephaloGram (EEG), Electro
CardioGram (EKG), or just a sinewave.
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To run Matlab, just double click on the matlab icon.

MATLAB 6.5.Ink
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* The Matlab window application will appear. \We can see

dierent sub-windows:
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i MATLAE 7.9.0 (R2009k
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e Command window: is the one where the user writes the
variables and where the results are displayed

Eile Edit Debug Parallel Desktep Window Help

TE| & mlEm 9 o | & 2 | CurentFolder| C:\Program Files\MATLAB\R2009b

- |[] B
Workspace "= O & X | Current Folder | Conp! T Editor - startup.m*
B = . B | Stack:| Base |@5 RS |
Mame « Value M
il

[[T] |

I

OVR

» Workspace window: is the one where the user can see the

variables.
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File Edit Debug Parallel Desktop Window Help
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-8
Workspace '= O 2 X | Current Folder ["Command History =1 Editor - startup.m*
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Current Folder window: is the one where the user can see the
different files stored in the current directory. The current directory
Is the one that Matlab uses to store and read files.

File Edit Vi Debug Parallel Desktop indow Help

3 \ \MATLAB\R2 - [ @
Worksp y v or - start
Y ~| 0 §E-| > clear

>> a=2
D Ma

= . bin
+ extern

help

a

Jx >

li
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Details = I

Command History window that shows us all the commands
written in the Command Window.

4\ MATLAB 7.9.0 (R2009b) m : e -

File Edit Debug Parallel Desktop Window Help

A= B9 ™ @ rf ) || C\Program Files\MATLAB\R2009b - [ @

Workspace | Current Folder ml P Command V Nindow - O 2 X T Editcp
- - o “| > clear
| crcer '
: Jx >
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e Simulink is part of Matlab. Simulink works by interconecting
blocks. Each block is in fact a matlab function with input and
output parameters.

e To open simulink click on the Simulink icon as shown:

i B @ (= @ISearch Drocume
¢ Analyze Code \ O E (G} P
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q_‘h MATLAE 7.9.0 (R2009b)

|EE |
] ] # Run and Time o ﬁSE
File Edit Text Go Cell Tg@ls Debug Parallel Desktop W Simulink  Lanout
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e A new window appears, the library Browser: Notice
Continuous, Math Operations, Source, and Sink groups that we

will be using

‘h MATLAE 7.9.0 (R2009k)

Edit Text Go Cell

Tools

Debug

Parallel  Desktop W

Eile
I (il Bl « R |h e B | (7} | CAProgram Files\ M2

% A % ﬁ ﬁ @ Seatch Docume

Analyze Code OE Pr

o & O on

2 Run and Time ﬁ ZE

I Simulink  Layout

# Clear Commands  Library * =dPa
CODE | SIMULINE | ENAROMNN

- ; Simulink Library Browser

File Edit Wiew Help
O = « Enter search term - ﬂ
Libraries Library: Simulink | Search Resultz: (none) *
=8 simulink . -
— Commanly Used —
- Commonly Used Blocks L rﬂ F Blods
- Continuous = E
- Discontinuities £ u\_ Continuous 2
- Discrete -
-+ Logic and Bit Operations
- Lookup Tables Discontinuities
-~ Math Operations
- Model Verification b Disorete
- ModelWide Utilties
- Ports & Subsystems P Logicand Bit
- Signal Attributes - 1] Operstions v
Showing: Simulink
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File Edit View Simulation Format Tools Help
D eMH&| P BR(Es 4[5 r =00 [Noma
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P — Simulin

e Lets build an easy example of a sinewave and scope it:

X(t) =sin(2xft) with f =1

=] Simulink Library Browser O] x|
E - =
File Edit View Help =] sEE1130_E01 =10l x|
O = I J H ﬂ File Edit “iew Simulation Format Tools  Help
= ¥ | Enter searchterm i i= L
= edE i2ales (o
Libraries Library: Simulinkf=ources I Sk Ak
hodel ‘erification Al -
- hodel-Wide Utilties E sgaivx Signal Builder ]
-Ports & Subsystems o
S|g|'|a| Attributes J oooo Sig nal
Slgnal HDUtII'Ig oo F Generator SIHE WEI"."E SEDF]E
- Sinks
-~ SOUrces _QU} Sine iave
- Uzer-Defined Functions
Eﬂ.ﬂ\ddml:lrlal Miath & Dizcrete F 1250, |Dde45 ‘.-"_,"/:
EEI--E Agrozpace Blockset > Step
EEI--E Communications System... |
i+ | Computer vision System... | [T, 7 Uniform Rando- -

Showving: Simulinkfzources 4

e We inserted a sinewave from the sources, and a scope from the
sink library groups respectively.
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> — Simulin

e By double clicking on the Sine Wave box we open its
properties box and set the angular frequecy to 2*pi*1.:

X(t) =sin(2xft) with f =1

L =] Source Block Parameters: Sine Wave x|

[=1=EE

FY

o
Frequency (radfsec):

|2*pi*1

Phase (rad}:

[ J
Sample time:

[0 v
1| |_’|_I

(0] 4 Cancel Help | dply |

=] sEE1130_ED1

File Edit “iew Simulation Format Tools  Help

=10l x|

DEHE| s 2d|e 4|2

Sine Wave Scope
Fl125% |ode45 w
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_— Simulﬁl?%%ﬁewaves./

e To open the scope we double click on the Scope box.
e We hit the play icon to run the simulation.

X(t) =sin(2xft) with f =1
=

File Edit Wiew Simulation Format Tools Help|

DEE&E $B8| & ¢ (22| » = oo

G5B LR L  ABEB B A

Sine YWyave

Ready [125%
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PFr— Simulin

e To obtain a better view of the sinewave, we reduce the running
time to 3 seconds as shown in next figure:

X(t) =sin(2xft) with f =1

SE LPL L HARBEB B A
File Edit Wiew Simulation Format Tools  Help
[ H&S PR (e D2
Save (Crl+3)
I'*I I
Sine Wave =cope
Ready |125% |ode4s

e Click on the binoculars to zoom the signal so it fills the Scope.
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/Sﬁnulinkzm

e Lets perform a summation of two sinewaves. One of 1Hz of
frequency and 1 volt of amplitude and another of 60Hz
frequency and 0.2 volts of amplitude:

X(t) =sin(271t) + 0.2sin(2760t)

_inix]
File Edit Wiew Simulation Format Tools  Help
D S HS| 4 BER|(ED 4[] =
2B 1
Sine Wiave + >
r Add SCope
Sine Wave
Fl125% lode45 v
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~—Simulink: Su

es.

e We need to click on each sinewave box to set up the amplitude

and frequencies: x(t) = sin(21t) + 0.2sin(2760t)

=l

File Edit “iew Simulation Formak Tools  Help

DS HE| s EB|(c 4 (22| =

m Source Block Parameters: Sine Wave

Xl
—Parameters ;l

Sine type: |INlERaEEE

Time (t): |Use simulation tirme j

amplitude

Frequency (rad/sec):

[2*pi*1
< | Ll_l

4 cancel Help | dppl |
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] Source Block Parameters: Sine Wavel

Amplitude:

b Ix

|0z

|1 ——— | Frequency (rad/sec):
Bias: IE*F”*E":'

Phase (rad):

o

Sample time:

-

o

Cancel

Help |

Apply |
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/Sﬁnulinkzm

e Set the running time to 1 second, double click on the Scope
box to open it up and hit play:

X(t) =sin(271t) + 0.2sin(2760t)

[=1] sEE1130_E02 * =10] x|

File Edit WYiew Simulation Format Tools Help

D|ﬁﬂ§|é’éﬂ|4==ﬁ>{r|fﬂ’2|b l|1 INnrmaI

Dsope =Y
N = R EIEE R s
Sine Wave +
r Add mpe 5 : : : : :
Sine Wavel A : :
Ready 125%:
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/Sﬁnulinkzm

e We see the 60Hz wave riding on the 1Hz wave. This is called
60Hz noise or ripple.

SE|oRL ABEB| P A

X(t) =sin(271t) + 0.2sIn(27760t)
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/Sﬁnulinkzm

e The objective of next class is to get rid of the ripple and keep
the 1Hz sinewave clean of noise!!! This is Signal Processing!!

DTS =0
SE LR L ABEBE BA T »

X(t) =sin(271t) + 0.2sIn(27760t)
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~—Emulationo ignal

e There iIs a code that I copied emulaing a EKG signal!!
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~—Emulationo

e The location is!!

e | modified the code to create a noisy signal. This is the power

of Matlab!!m
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P

End of Class
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