Advantages of DSP

Absence of drift In the filter
characteristics

Processingcharacteristicsare fixed, e.g.
by binary coefficientsstoredin memories

Thus,theyareindependendf the external
environmentand of parameterssuch as
temperature

Aging hasno effect



Advantages of DSP

A Improvedquality level
I Quality of processindimited only by economic
considerations

i Arbitrarily low degradationsachievedwith

desiredquality by increasinghe numberof bitsin
data/coefficientepresentation

I An Increaseof 1 bit in therepresentationesults
In a6 dB improvementin the SNR



Advantages of DSP

Reproducibility

- Componenttolerancesdo not affect system
performanceavith correctoperation

No adjustmentsiecessarguringfabrication

No realignment needed over lifetime of
equipment



Advantages of DSP

AEaseof newfunctiondevelopment

I Easyto developandimplementadaptivefilters, programmable
filters andcomplementaryilters

I lllustratesflexibility of digital techniques
AMultiplexing

I Sameequipmentcan be sharedbetweenseveralsignals, with
obviousfinancialadvantagefor eachfunction

AModularity
I Usesstandardligital circuitsfor implementation

ATotal singlechip implementatiorusingVVLSI technology
ANo loadingeffect



Limitations of DSP

ALesserReliability

I Digital systemsare active devices,and thus use more power and are less
reliable

I Somecompensations obtainedfrom the facility for automaticsupervision
andmonitoringof digital systems

ALimited FrequencyRangeof Operation

I Freqguencyrangetechnologicallylimited to valuescorrespondingo maximum
computingcapacitiegshatcanbedevelopedindexploited

AAdditional Complexityin the Processingf Analog Signals

i A/D and D/A convertersmust be introducedadding complexity to overall
system



Signals and Signal Processing

 Signals play an important role 1n our daily
life

A signal 1s a function of independent
variables such as time, distance, position,
temperature, and pressure

« Some examples of typical signals are shown
next



Examples of Typical Signals

* Speech and music signals - Represent air
pressure as a function of time at a point in
space

« Wavetorm of the speech signal “I like
digital signal processing” 1s shown below
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Examples of Typical Signals

* Electrocardiography (ECG) Signal -
Represents the electrical activity of the
heart

» A typical ECG signal 1s shown below




Examples of Typical Signals

* The ECG trace 1s a periodic waveform

* One period of the waveform shown below
represents one cycle of the blood transfer
process from the heart to the arteries
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Examples of Typical Signals

* Electroencephalogram (EEG) Signals -
Represent the electrical activity caused by
the random firings of billions of neurons in
the brain
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Examples of Typical Signals

Ty, g'lcal seismograph record
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Examples of Typical Signals

 Black-and-white picture - Represents light
intensity as a function of two spatial
coordinates

I(x,)




Examples of Typical Signals

* Video signals - Consists of a sequence of
images, called frames, and is a function of 3
variables: 2 spatial coordinates and time
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Example:

Suppose a voltage signals represented as a function of time

V(t) = 2cos@pl)V

The same information can be represented in frequency domain as a funct
frequency (in Hertz as)

V()
V() =[d(f - 10) + d(f - 10V

where is the Fourier transform of the signd).



Signals and Signal Processing

* A signal carries information

* Objective of signal processing: Extract the
useful information carried by the signal

* Method information extraction: Depends on

the type of signal and the nature of the
information being carried by the signal

* This course is concerned with the discrete-
time representation of signals and their
discrete-time processing
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System

System Is a process, event, mechanism or
the like that maps a given signal into
another signal.

Mathematically, a system is a rule for
assigning to any elemehof some set of
signals, an elemegtof (another or same)
set of signals.

g(t)=SIt(1)]



System and Transform

A system is usually a mathematical abstraction of
a physical system which alters a physical input in
a certain way to produce a physical output. A
system can alter the information content of input
signal in producing output signal, so that system
need not always be invertible.

A transform(ation), on the other hand, is merely a
change of coordinate system or basis set used,
with which we move from one representation of
signal to another. A signal is not altered, but
expressed in another form bearing same
iInformation. As such transformation are invertible.




Discrete-Time Systems:
Classification

Linear System
Shift-Invariant System

Causal System

Stable System



Linear Discrete-Time Systems

* Definition - If y,[7] 1s the output due to an
input x,[#n] and y,[n] 1s the output due to an
Input x,[#n] then for an input

x[n]=ax[n]+ B x,[n]
the output 1s given by
v[n]= oy [n]+ B yy[n]
* Above property must hold for any arbitrary

constants o and [, and for all possible
inputs x,[#] and x,[7]



Shift-lnvariant System

* For a shift-invariant system, it yy[a] 1s the
response to an mput xp|a]. then the response
o an mput

X|#|=x|n—n,]
15 sumply
yln]=y[n-n,]
where n, 1s any positive or negative integer

* The above relation must hold for any

arbitrary mput and its corresponding output




Shift-Invariant System

* In the case of sequences and systems with
indices n related to discrete instants of time,
the above property 1s called time-invariance
property

* Time-invariance property ensures that for a
specified mput, the output 1s independent of
the time the mnput 1s being applied



Causal System

* In a causal system, the »,-th output sample
y|n,] depends only on input samples x[n
for n < n,and does not depend on mput
samples for n >n,

* Let y(|n] and y,|n] be the responses of a
causal discrete-time system to the inputs x;[7]
and x,[n], respectively




Stable System

* There are various definitions of stability

 We consider here t!

e bounded-input,

bounded-output (BIBO) stability
* It y|n] 1s the response to an input x| and 1f

x[n] <B, forall values of

then

\ y[n]\ < B, forall values of n



Stability Condition of an LTI
Discrete-Time System

« BIBO Stability Condition - A discrete-
time 1s BIBO stable 1t and only if the output
sequence {y[n]} remains bounded for all
bounded mput sequence {x[n]}

« An LTI discrete-time system 1s BIBO stable

if and only 1f 1ts impulse response sequence
{h|n]} 1s absolutely summable, 1.e.

S = i|h[n]‘ < oo

N=—co
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Characterization and
Classification of Signals

A continuous-time signal 1s defined at every
instant of time

A discrete-time signal 1s defined at discrete
instants of time, and hence, 1t 1s a sequence
of numbers

A continuous-time signal with a continuous
amplitude 1s usually called an analog signal
A speech signal 1s an example of an analog
signal



Characterization and
Classification of Signals

A discrete-time signal with discrete-valued
amplitudes represented by a finite number
of digits 1s referred to as the digital signal

* An example of a digital signal is the
digitized music signal stored in a CD-ROM
disk

A discrete-time signal with continuous-
valued amplitudes 1s called a sampled-data
signal



Characterization and
Classification of Signals

« A digital signal 1s thus a quantized sampled-
data signal

A continuous-time signal with discrete-
value amplitudes 1s usually called a
quantized boxcar signal

» The figure in the next slide illustrates the 4
types of signals



Characterization and
Classification of Signals

Amplitude
M

N

A continuous-time signal

\/_.-": Time, t

2 Time. t

Arnplitude
&
[
9
]
)
]

A sampled - data signal

Amplitude

3

2 Time. t

-

Adigital signal
Amplitude
M

2 Time. t

A guantized boxcas sional



ANRLOG TO DIGITAL (ONVERSTON

L SAmMPLING
2. BQWANT)IZATION
3. CODING
| ; 1) | 016! -...
| Buandi | Gy,
Som % .
’4 H‘u nn) auftuﬁm’ D"r‘hl
N | *Discute- sl Sigpal
Analey Hime
Siamal S(gral
skt = Ft +6
xa(l) AG:S@TT ) B o
SQMW ba'*ﬁl-? E.'—_%. ?.» N Dr.;mﬂfﬁw_
Ly

XabhT)s Aw)= AG @ FnT 7‘5}



Effect of Sampling in the
Frequency Domain

* p(f) consists of a train ot 1deal impulses
with a period 7" as shown below

Py}
= Tl

LT,

=2T-I' 0 T 2T

* The multiplication operation yields an
unpulse train:
g,()=8g,()p(t) = Zgﬁ(ﬂ?” )O(l —

=00



Effect of Sampling In the
Frequency Domain

* Assume g,(7)1s a band-limited signal with a
CTFT G,(j€) as shown below

* The spectrum P(jQ) ot p(f) having a

sampling period I' = é—n 1s indicated below
r

PLjE2)




Effect of Sampling In the
Frequency Domain

* Two possible spectra of G, (j€2) are shown
below




Effect of Sampling in the
Frequency Domain

* The condition Q7 >20) 1s often referred to

m
as the Nyquist condition

* The frequency ﬂi‘" 1s usually referred to as

the folding flequenu



Effect of Sampling in the
Frequency Domalin

* The hig

1S usuall

fully recover g,(f) from its samp.

1est trequency Q, contained 1n g, (1)
y called the Nyquist frequency
since 1t determines the minimum sampling
frequency Qr =2Q  that must be used to

i

ed version

* The frequency 2Q,, 1s called the Nyquist

rate



Effect of Sampling In the
Frequency Domain

Oversampling - The sampling frequency 1s
higher than the Nyquist rate

Undersampling - The sampling frequency 1s
lower than the Nyquist rate

Critical sampling - The sampling frequency
1s equal to the Nyquist rate

Note: A pure sinusoid may not be
recoverable from its critically sampled
version
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OROPERTIES OF FOURIER TRANSFORM

D) LINEARITY
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OROPERTIES OF FOURIER TRANSFORM
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Filtering

» The filtering operation of a linear analog
filter 1s described by the convolution
integral

() = O{fffz(l‘ —1)x(t)dt

where x(7) 1s the input signal, y(7) 1s the
output of the filter, and 4(7) 1s the impulse
response of the filter
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