Lab 3: Fourier Transforms

Many times in experiments, you’re interested in finding out what the spectral make up of the signal is.  Usually it is used to identify sources of noise in your signal and to help remove it.  LabVIEW has built into it a large number of Fourier Transform tools to determine the frequency spectra (and phase spectra) of a collected signal.  

The quality (frequency spread and resolution) of the Fourier transform depends on the sample rate as well as the length of your data collection.  The faster you collect data, the higher the frequency information you can determine (think Nyquist’s theorem).  The more data points that you have in your sample, the finer the resolution that you get.  Therefore, as you can see, to get the best spectrum, you need to sample at a very high rate for a long time.  As you imagine, there are diminishing returns and one of the tricks to measuring frequencies well is to know when to cut your losses.
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Another consideration when performing a discrete Fourier Transform on a computer is called windowing. A numeric Fourier Transforms assumes that the signal is repetitive.  This isn’t a problem if you start and stop your data collection such that it is nearly continuous, but normally this isn’t the case.  The sharp edge introduced adds a lot of frequency noise to the spectra.  The “window” acts to reshape the signal at the ends of the data sample by having them approach “zero”.  The different types of windows have different models to approach zero. There is a fine balance with windowing, the right choice can really reduce the amount of noise, but the wrong choice can affect the quality and accuracy of your measurement.  

LabVIEW offers both Express and regular VIs for determining the spectra of signals.  We’ll use both in this experiment.  You can find more information about Fourier Transforms in Chapter 11 of the Bishop textbook.

Express VI

On the Express palate, there is a VI for Spectral Measurements.  Use it with along with code that collects a sample of data from a signal generator.  Display the input sample and the Fourier Transform (FT) of the sample in two different graphs on your front panel. Observe both the linear and dB output options and explain why you would chose one over the other.  Play around with the options for windows and see how the sample changes.  Without any windowing, play around with the sample size to see how the “noise floor” is affected by “sharp edges”.  Comment on the conditions where the windowing should be considered critical, i.e. where it is required to retain the primary spectral characteristics rather than edge effects. Also comment on where windowing shouldn’t be a major concern at all.  Unfortunately, you’ll have to manually change the windowing option; there isn’t a way to adjust it from the front panel (ahhh- curse the Express VIs!)

Raw Code

You can’t create code from the Spectral Measurements like you could from the DAQ Assistant.  We’ll have to do it the long way.  On the signal processing palate, there is a waveform measurement sub-palate.  On it you’ll find several FT options, including the power spectrum and power spectral density (to name a few).  They are all related, mostly different in terms of how the output is normalized.  Play around with these and create a control for the different window types so that you can easily select different options.  

Real Data

In the last part of this experiment, I would like you to build two circuits: one where an LED is driven with a 200 Hz square wave (use the benchtop function generator or your ELVIS) and a photodiode circuit that detects the light.  Examine the detected signal using the FT tools and see if you can identify any specific sources of noise.

Windowing of a sample that would otherwise be discontinuous.








