EE482: Digital Signal Processing
Applications

Introduction
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Signhals

» Continuous-time (CT or analog)
= Everyday signals from nature
= Defined continuously in “time” — at all time instances
= Infinite amplitude value resolution

= Can be processed using analog electronics (active and
passive circuit elements)

» Discrete-time (DT)
= Only defined on particular set of “time” instances
= Sequence of numbers with continuous value range

- Used for theoretical study and mathematical
convenience

- Digital
= Both discrete “time” and discrete amplitude values
= Processed with computers and DSP chips



What is DSP?

- Digital representation of signals (coding)
- Design and use of digital systems to

= Analyze

= Modify

= Store

» Transmit

» Extract information
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DSP Advantages

- Flexibility
= Software implementation for upgrades, multiple tasks,
etc.
- Reproducibility
= Easier to repeat implementation, to store and transfer
digital signals
- Reliability
= DSP hardware design is quite robust due to modern
computation age
- Complexity
= Can implement sophisticated tasks on specialized
hardware
» Cost

= Moore’s Law for semiconductors, software
development cycle and powerful packages (Matlab)
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DSP Disadvantages

- Unnatural
> Qur everyday signals come from analog processes
- Physical limitations
» Bandwidth of DSP system limited by sampling
rate, aliasing
- Numerical effects

= Limited precision and dynamic range,
quantization and arithmetic errors
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Real-Time DSP Systems

- Non-real-time

= Signals that are stored in digital form

= Not necessarily for a current or real time
- Real-time

= Demands design to ensure tasks are completed within
a given timeframe

= Typically expect this to be related to the current time

- Emphasis on real-time in this class
= Fun processing streaming data
= See bandwidth processing time relationship in Section

1.3.4
- Faster processing means less available bandwidth
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Real DSP System
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ADC - Sampling

A/D converter

Quantizer

x(1) x(nT) Ir'_,- x(n)

Ideal sampler

Sampling

o x[n] = x(nT)
+ T — sampling period
Analog signal value extracted

at fixed uniformly spaced
times

Shannon’s sampling theorem

o fo=1>2fu

> Sampling frequency must be
twice the bandwidth to avoid
aliasing

= Nyquist rate - f,, = 2fy
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Figure 1.3 Sampling of analog signal x(f) and the corresponding discrete-time signal x(n7)
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ADC - Quantization

- Quantization

= Amplitude value is
represented by one of 27
binary levels

- Rounding — set value to
closest quantization level

» Truncation — replaces by
value below it (chop bits)

Quantization level
- Quantization error/noise 3
= Difference between quantized -
value and original value 11 > X(t)

= Appears as random noise at il /g/ed’-

10 e |

Quantization errors

output of converter /gf

> Signal-to-quantization-noise 01
ration(QNR) i r e
- SONR ~ 6B dB G F . 2% Al

Figure 1.5 Digital samples using 2-bit quantizer



Smoothing Filters

« DACs are zero-order-hold y'(0

1 Smoothed output signal

= Keep fixed sample value until \
next sample

- Smoothing with low pass (LP)
filter is done to remove high

frequency components of 0 T or ar 4T 5T
« Staircase” Figure 1.6 Staircase waveform generated by DAC and the smoothed signal

> Time,

= LP filter in reconstruction
block



Matlab Primer

- See the web for many more tutorials and help

= https://matlabacademy.mathworks.com/

- Matlab has very good in program help
= Use the help.m and doc.m commands

» Go through tutorials
= Signal processing
= Image processing


https://matlabacademy.mathworks.com/

Matlab Primer

[+ Command Window

Insert =L fx v | o
Comment % 43 % . .
BT > Interactive interpreted area
EDIT NAVIGATE BREAKPOINTS RUN
S ZE L » G v ProgremFiles b MATLAB » R2012b » bin * ol BEE L E LB ®
Current Folder Workspace @ |57 Editor - Untitled* ® x o ’ I Ih 1 1 t
Name = Value bmSaveFiguren  * [Untitled™ %] e Ca Cu a Or Space
) H (@) Thisfile can be published to a formatted decument. For mere informatien, see the publishing videe or help. %
%b ~211.3400 1 %This is a comment =]
E:hm ;;Z:t%ﬂ double> 2 $we can make many one line comments
nswer 213
H theanswer  -209.3400 3
4 %% cells are denoted by domble %%
5 % they can be used to divide code and run separately
[
‘ 7 theanswer = A+b;
8
9 theAnswer = A-b;

4 n [
| Command Histery ®
B-%-- 12/20/2013 10:25 =
-402000%0.2
202000%0. 8 @) New to MATLAB? Watch this Video, see Examples, or read Getting Started.
370000%0.8 S>>
370000%0.2

380e3-(370e3%0.8)
80400 + (370e3*0.8
-- 1/21/2014 1:27 P}

~clear

nelp cla I
doc
clc

n = 2;

~p = -211.34

| ¢ = rand(100,100) :
cle
new test mfile
open test mfile
-edit test mfile
~theanswer = R+b:
- theAnswer = A-b:

clec
< m 3

| OVR




Matlab Primer

mset 5 fx [\ + <5

~  Comment % g 44 o GoTo = :

Indent Find = -

FILE EDIT NAVIGATE BREAKPOINTS
. » C: ¥ Program Files » MATLAB » R2012b » bin »

Editor - Untitled*

bmSaveFigurem % [Untitled” x|

) This file can be published to a formatted document. For more information, see the publishing video or help.

b -211.3400
4 «100x100 double>
theAnswer 2133400

$This is a comment
$we can make many one line comments

theanswer  -209.3400
%% cells are denoted by domble %%

% they can be used to divide code and run separately

theanswer = A+b;

theAnswer = A-b;

EEE R

B-%-- 12/20/2013 10:25 | e —
Command Window
-402000%0.2
?
202000%0. 8 @) New to MATLAB? Watch this Video, see Examples, or read Getting Started.
370000%0.8 S>>
370000%0.2

380e3-(370e3%0.8)
80400 + (370e3*0.8
-- 1/21/2014 1:27 P}
~clear

nelp cla

n = 2;
b = -211.34
c = rand(100,100):
cle
new test mfile
open test mfile
-edit test_mfile
-theanswer = A+b:
-thehnswer = A-b:

(|

clec
< m 3

QVR

- Workplace
= Lists all variables in memory
- All Are currently available



Matlab Primer

4\ MATLABR201I26 ‘- .

| - Editor

> Build script files (m-files)
= What makes Matlab so much

PLOTS

nnnnn

Fi

HOME 5 APPS PUBLISH VEW
5‘13 = indFiles  Insert Bl ~ <o [2 @ (] s Secton

| compar C t 9 S GoTo v
NewOpenSaveL' smment 25 2% 4 £ ° mmmwmwm

= apmv mu:mﬁ@ \{Find ~ - = = e
FILE ‘ EDIT NAVIGATE ‘BREAKPOINTS| RUN _

Ce S EE U G Progroieehekiiiibeiiie i ——————

I - N
Current Folder | Workspace & W57 Editor - Untitled* ® x
N Value | bmSaveFigurem  x [Untitled” =
A H T This file can be published to a formatted document. For mere information, see the publishing videe er help. more than a Cal Clll ator
b -211.2400 .

HHc <100x100 double>
[ theAnswer  213.3400
H theanswer  -209.3400

$we can make many one line comments

- M-files
= Learn to write these, it will
make your life much easier
> Provides ability to document
and re-run code quickly

= Must submit for class
@) New to MATLAB? Watch this Video, see Examples, or read Getting Started. x aS Signments

S>>

theAnswer = A-b;

» Note:

SR = ; suppresses command
E window output

= = % is comment character

QVR




Matlab Primer

[4 MATLAE R2012b = [E=RE
VARIABLE
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[ Open ~  Rows Columns = = [« Transpose
New from Print = |1 1 nsert Delete _  Sort
s ST R~
VARIABLE | SELECTION | EDIT
E‘*Eﬁpicwm SIS
Current Folder | Workspace @[] Editor - Untitled™ &4 Variables - c
Name ~ Value
A H [ ¢ <100:100 double>
b -211.3400
%. <100:100 double> 1 2 3 4 5 7 8 g
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5 06324 01656 03507 05216 06959 0.3181 05828 0.0542 04175
6 0.0975 06020 09390 00967 06999 01192 08154 01771 06407
7 0.2785 0.2630 08759 08181 06385 09398 08790 06628 03288
g 05469 06541 05502 08175 00336 06456 09889 03308 06538
9 09575 06892 06225 07224 00682 04795 5223204 08985 0.7491
10 09649 0.7482 0.5870 01499 03196 06393 08654 01182 0.5832
1 01576 0.4505 02077 06596 0.5309 0.5447 06126 09384 0.7400
12 09706 0.0838 03012 05186 06544 06473 09900 0.5400 0.2348
13 09572 0.2290 04709 09730 04076 05439 05277 0.7069 0.7350
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15 08003 01524 08443 08003 0.7184 0.5225 08013 0.2878 08669
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4020000, 8 @) Newto MATLAB? Watch this Video, see Exsmples, or read Getting Started. x
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~380e3-(370e3%0.8)
©80400 + (370e3%0.8
B-%-- 1/21/2014 1:27 F*
clear

nelp cla

a=2;
b = -211.34
c = rand(100,100);

‘new test_mfile
open test mfile
edit test mfile
-theanswer = A+b:
‘theAnswer = A-b;

‘clc -

« Variables

> Quick way to read contents of
your workspace variables

- Useful for debugging

= There is a debugger in
Matlab!

= Must write m-files to utilize
this



