Signal Sampling and Aliasing

Problem Analyzing harmonics in periodic Conclusion

In this digital age, vast amounts signals In conclusion, the importance of

of data a:je generjted andd . Method signal processing cannot be
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processing is crucial in analyzing o4 48

and understanding this data.
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signals, images, or other types of fundamental frequency of this | |11 - | ol ¥ :
data, signal processing S|gnal. can be determined by | i | I I: | | aCCLljra. e ydretprgsen ng a]rcw
techniques such as sampling and examining the power transmitted 1 an?jyzmg déf d 'nhValfIOHS .orms.f
reconstruction, harmonic at the var.ious component hn erstarr]\ ing the limitations o
analysis, and interpolation play a frgquenues. The greatest power . . t —>F Eect nlqtuhe§ > Juslt. ast.
vital role in accurately will be transmitted at the To pgrform this analysis, the ITrEpoi adn afs | elrlahpp ICa |9ns.
representing and analyzing the fundamental frequency. DfT s taken of the sampled es u y 0 sgng grmonlc
L . signal and plotted over a analysis in periodic signals, as
underlying |r1format|on. , spectogram. The yellow line well as time-variant and aliased
Understanding these techniques indicates the strongest signals, sheds light on the
.and their imitations Is essential signal. This same analysis is complexity of signal processing
n ensuring that the c.lata e also performed for an FM and the challenges that arise in
process and analyze Is Results chirp signal of varying practice. The comparison of
represented accurately and 't can be seen from the frequencies. multiple interpolation methods

meaningfully. to mitigate the effects of aliasing

in visual signals highlights the
practical importance of these
techniques. By continuing to
research and refine signal
processing methods, we can
ensure that we accurately
represent and analyze the vast
S B amounts of digital data that we
generate every day.

Spectogram on the right that
the greatest power
corresponds to a frequency
natural frequency of the
signal. The same analysis
can be done on time variant
signals as shown below.
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In this study we examine signal
harmonic analysis in time
invariant signals as well as time
variant and aliased signals.
Aliasing in visual signals is also
observed and multiple
interpolation methods are
compared visually to determine
the values of each method.
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From the spectogram on the left, the
power intensity can be seen to shift with ) )
- thechange in frequency. Contributions

Harmonic Analysis: Brock Brown,
Noah Mecham
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. . .. Image Analysis: Hamid
Analyzing harmonics in time Manoocheri

variant and aliased signals -
Method Presentation: Rich Baird

An FM Chirp signal is generated with a frequency ranging from
1KHz to 11KHz over a span of 4 seconds. The same signal is
sampled at a constant 4KHz sampling rate for 4 seconds. The linear
and log magnitude plots of the sampled signal are compared and
the effects of folding and aliasing are observed.
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Results

Due to the effects of signal folding and aliasing, the frequency
analysis does not reveal the total frequency range up to 11KHz.
This highlights the importance of selecting the correct sampling
frequencies for a given signal.

Signal aliasing in visual signals

e Method
=y An image is loaded into Matlab

and downsampled by taking

every third pixel in every row and

column of the image. After

resampling, aliasing appears

R visually as distortions or artifacts
that were not present in the
original image.

An approximation of the original
signal is derived via a zero hold,
or nearest neighbor,
interpolation. The zero hold
interpolation is compared to a
linear interpolation visually.

Results

Visually, the reconstructed image
appears to be smoother than the
downsampled image. However,
when compared to the original
image, we can observe some
blurriness and loss of sharpness
in the reconstructed image.

Some of the details in the | | |
original image may also be lost In general, the linear interpolation

in the reconstruction process. produces d smoother and mgre
The reconstruction process does Visually appealing reconstruction
not remove the aliasing effects ~ cOmMpared to the zero-order hola
completely. interpolation.
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