
Laboratory 1

Signal Processing & Spectral
Analysis

Summary

Recording and analyzing the behavior of systems can be
done in a variety of ways. Most modern techniques will
involve the digitizing of the data collected from a system,
e.g., its temperature, the acceleration of a specific point,
etc. This laboratory experience will introduce a number of
the concepts associated with digitizing information. It will
also present one of the most commonly used analysis tools,
that of the Fast Fourier Transform. Particular attention will
be given to the phenomena of aliasing and leakage.
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1.1 Laboratory Procedure

Before you begin with the procedure outlined below, try these exercises to
familiarize yourself with the Spectrum Analyzer Virtual Instrument (VI).
Going through these exercises should allow you to concentrate on the labo-
ratory experience and not on the VI.

Bring up the VI Spectrum Analyzer. Take a minute to familiarize yourself
with the screen. Turn on the signal generator to get an input signal for
the VI. Change the various controls on the signal generator and the settings
on the VI. Notice how each one a↵ects the sampled signal. Check that
you understand how the number of samples, the sampling rate, and the
size of the time domain window relate to each other. Try to answer these
questions: Without looking at the signal generator’s settings, can you obtain
the frequency of the sampled signal? For a given sampling rate and a set
number of points, what is the frequency of the sampled signal that will cause
exactly one period of the signal to appear in the time window? If you can
answer these questions, carry on. If you can’t, spend a few more minutes
with the VI or ask your consultant to help you.

Run the Virtual Instrument Spectrum Analyzer and complete the follow-
ing experiments. They have been designed to demonstrate two important
concepts in signal analysis, viz. Aliasing and Leakage.

1.1.1 Aliasing

The concept of Aliasing has been covered in the online lecture. You can also
access a more detailed document entitled Introduction to Signal Analysis
from the folder ”Additional Documents” on ANGEL. It includes a summary
of some of the equations that you will find useful in answering the short form
questions. For easier reference, they are repeated here.

• The maximum frequency that may accurately be measured is expressed
as f

max

= (N/2)(1/TR), where N represents the number of data
points, and TR is the time record length of the sampled data. f

max

is
known as the Nyquist frequency and it is also equal to f

s

/2, where f
s

is the sampling rate.

• If there is a frequency present in a signal that is higher than f
max

,
then it will not be measured correctly. If we call the true value of the
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frequency f
true

and the frequency that it will appear at in the FFT as
f

observed

, then we can show the following:

f
observed

= |jf
s

� f
true

| (1.1)

where j is the smallest integer (typically 1 or 2) that results in f
observed

falling in the range of 0 to f
max

• The resolution in the frequency domain may be expressed as �f =
1/TR.

• Although N samples in the time domain get transformed into only N/2
di↵erent frequency components, each of these components contain two
pieces of information. They may be expressed in terms of a magnitude
and a phase, or a sine and cosine pair, or a real and imaginary pair.
(Only the magnitude is displayed on the VI you are using.)

• The e↵ect of leakage (see the next section) can be reduced by increasing
the time record length, TR, or by first multiplying the data by a
suitable weighting function (i.e., applying a window).

The remaining part of the instructions should be carried out in conjunction
with your Short Form Report as many of the procedures are similar.

(a) Make sure the windowing function is set to ”None” and that there is no
filter connected (or if it is connected, that it is in bypass mode). Input
a sine wave of 15Hz at an approximate amplitude of 3V . Capture 16
samples, using a sampling rate of 100Hz . While running the VI in
continuous mode, increase the frequency of the sine wave and observe
the sampled time trace. In particular, notice that the number of cycles
shown in the time domain decreases as the frequency of the sine wave
is increased from 50 to 100Hz. View the time trace with the frequency
of the sine wave set at 20Hz and then at 80Hz. Why do the traces look
much the same? Experiment with other settings.

(b) Repeat the experiment discussed in (a) and pay attention to what
happens in the frequency domain. Notice how the peak moves as the
frequency of the sine wave is increased above one half of the sampling
frequency. (At this time, do not be concerned about the ”width” of
the peak in the frequency domain or its shape, - this will be explained
in the LEAKAGE section below.)
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(c) Increase the number of samples to 512 and the sampling rate to 1000Hz
and input a square wave of 100Hz. What are the extra peaks that now
appear in the frequency domain? Increase the square wave frequency
to 400Hz and observe the aliasing that occurs. Now run the square
wave through a low pass filter with the cut of frequency set to one
half of the sampling frequency. Once again view the output in the
frequency domain. Has it changed and if so, why? Experiment with
other settings (e.g. decrease the square wave frequency to approx.
10Hz, etc.).

1.1.2 Leakage

(a) Input a sine wave of approximately 40Hz with the sample rate set
at 1000Hz and take 32 samples. View the time trace and adjust the
sine wave frequency such that exactly one cycle appears in the time
window. View this in the frequency domain, ensuring that the display
is showing ”points”. Note what the frequency resolution is and what
the height of the peak is. The frequency domain information is giving
an exact representation of the sampled sine wave. Adjust the frequency
of the sine wave such that two cycles fit in the time window (note that
one can calculate this frequency). View the frequency domain. Repeat
this for di↵erent integer multiplies of cycles.

(b) Change the number of samples to 128 and the input sine wave fre-
quency to 90Hz. Note that there is not a data point in the frequency
domain that can represent this frequency exactly since there is not
an integer number of cycles in the time window. Leakage into other
frequencies therefore occurs. This e↵ect can be reduced by increasing
the frequency resolution (increase the total length of time sampled) or,
more practically, by first windowing the signal, i.e. weighting the time
series that has been collected. Change the Windowing Function from
”None” to ”Hanning” and observe the resulting time and frequency
responses for each.
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