) ) University of
Al-Mustagbal University f @”1 Information Technology

College of Science . and Communications

e . = Intelligent Medical System Department

AL MUSTAQBAL UNIVERSITY

R P | SN S ?‘—“‘j
S W {

3

Lecture 8- Aliasing Process
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Frequency Spectrum

Sampling is modulation. Shifts all signal frequenc
and generates harmonics

Information

fy,= f.xf,, for the 15t information frequency
f,= fxf,, for the 2"¢ information frequency
f,i= f.£f,; for the i-th information frequency



Nyquist Frequency and Minimum
Sampling Rate

To accurately reproduce the analog input data with samples

the sampling rate, f,, must be twice as high as the highest

frequency expected in the input signal. (Two samples per
period) This is known as the Nyquist frequency.

A

s(min) —




Sampled Signal Frequency Spectr

Sampling with f, >2f,

Folded
Frequencies
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Nyquist Sampling Theorem

f

Y.

f,>=2f

max S max

A signal that has energy to f, .. must be sampled at arate (2 x f,,) or greater

Sampling creates an “alias” copy of a signal



Nyquist Sampling Theorem

Nyquist Frequency and Aliasing (1)

A signal tha! or greater

High frequency signal to be sampled by a low sampling rate may cause
to “fold” the sampled data into a false lower frequency signal. This
phenomena is known as aliasing.
If the sampling rate is less than twice the highest frequency, the alias overlaps

the original, creating distortion
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Nyquist Frequency and Aliasing (1)

High frequency signal to be sampled by a low sampling rate may cause
to “fold” the sampled data into a false lower frequency signal. This
phenomena is known as aliasing.
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Aliasing Formulas

f g Alias frequency

,f,v — Folding frequency (Nyquist frequency)

Iv=112
Ja = ol Sn)Sn



Given that sampling frequency equals 250Hz and the
ratio of folding frequency to alias frequency equals
0.5, find the alias frequency.

Solution:

Js =250

£/ f, =05
Jop = 2501 2=123

=0,/ fx)fy= O.5x125(62.5@
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Nyquist Frequency and Aliasing

Example: Given the following signal, determine the minimu
(Nyquist frequency)

s(t) = 1.5-sin(1757t) + 3 -sin(2507t) + 0.5 cos(8007t) + 1.75 - sin(9007t )

Convert the radian frequency to frequency in Hz by ¢

.......

£ =lDT g9 5ty = T35 £ = T A £
21 21 2n 2n

=450Hz

foim=2f,

s(min) —

fs(min)= 2(450 Hz)= 9ooHz
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Aliased Frequencies

Sampling analog signal below 2f, produces false f
Aliased frequencies determined by:

falias = |fl —n- fs
0<f, <f

nyquist
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Samples/Period and Aliasing

Correct signal representation requires at Ieast twc

f>f and T.>T
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Sampling/Aliasing Examples

Example 1: Af.=1000 Hz sampling frequency samples an information
signal of f=100 Hz . Determine samples/period, the resulting recovered
signal ,and aliased frequencies if present

Determine the number of samples/ period

N _1000Hz _ 0018
"~ 100Hz 0.001S

=10samples/period | FNJNVINV IS AEIXo]

f g = 1000 Hz — 500 Hz Signals below 5oo Hz

nyquist 5 ) reproduced without aliasing
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Sampling/Aliasing Examples

Example 2: A f_=60 Hz sampling frequency samples an information signal
of f=100 Hz . Determine samples/period, the resulting recovered signal
,and aliased frequencies if present

Determine the number of samples/ period

N, = o A = (0.6 samples/period | BTl IVANN TS A -1 {-We} i)

* 100Hz 0.001666S

' Aliased signals will occur due to low sampling rate

Signals below 30 Hz
reproduced without aliasing

f

nyquist R

Lesson 6_et438b.pptx
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Sampling/Aliasing Examples
Alias frequencies for 1°t harmonic of sampling f (n:

allas allas = IIOO HZ 1 60 HZ| = 40 HZ
0<f, <f 60 Hz

alias nyquist f

=30Hz

Osfﬂm <30Hz

The f,,.. is outside range 0-30 Hz, (40 Hz
> 30 Hz) No recovered signal

The f.. in range 0-30 Hz, 20 Hz
recovered signal
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