Lab 6: Digital Filters and Curve Fitting

In the last experiment we measured the frequency and phase response of analog filters.  This week, we’ll allow LabVIEW to filter the signals that we acquire using digital filters.  As we’ve discussed in lecture, digital filters have the great advantage of flexibility and cost.  They can provide VERY sharp cutoff behavior (often at the expense of phase) and have an important place in modern instrumentation and data collection.  

Digital Filters

As you’ve seen in the homework (or will see when you finish it), you can actually fairly easily implement a digital filter by using summations of inputs and previously determined outputs.  The actual programming can be a bit labor intensive, but LabVIEW makes this a fairly easy thing to do.  It does most of the programming for you: you just have to select the kind of filter (the topology and order) and the frequencies of interest (i.e. cutoff frequency or pass band).  Then, you run the collected waveform through the VI.

There are three main VIs to use: the FIR filter, the IIR filter, and the Express Digital filter.  These can all be found by expanding the “signal processing” menu and going to the “waveform conditioning” submenu.  The FIR and IIR filters require the input to be a waveform data type, the Express uses dynamic data types, so using it might pop a couple of “conversions” into your code.  The Express VI has some advantages, as the inputs to the VI automatically adjust as you change from high/lo pass (which require one input frequency) to band-pass/stop (which require two frequencies).  However, you can’t change the topology of the filter on the fly, which you can with the IIR and FIR filters.  Unlike the DAQ Assistant, you can’t convert the Express Digital Filter to code either.

For the digital filter part of this experiment, I want you to first build a waveform that consists of several frequency components AND noise.  The frequencies should be separated, but it might be fun to put two of them fairly close together to test how well you can resolve the signals with the filter.  Examine the input to and the output from the filters on a graph, as well as the Fourier transforms of the input and output.  Test them for different topologies of filters and see how the output is modified.

Secondly, I’d like you to collect an external signal from your function generator.  The Tektronix generators can add noise to a sinusoidal signal, unfortunately the Agilent cannot.  If you are using an Agilent, exchange it with one of the Tektronix generators.  Compare the output of an analog low pass filter (yes you have to build one) to digital low pass filters with the same frequency.  You’ll need to collect, via the DAQ, both the raw signal and the filtered analog.  Comment on any differences that you observe.

Curve Fitting

In the second part of this experiment, I’d like to build a circuit that powers both a light bulb and a photodiode detector.  We are going to measure the decay time of the light bulb.  Use an op amp to amplify the signal from the photodiode.    Power the bulb with a digital 5V signal from your function generator and trigger the collection on the falling edge; you’ll probably need to use a power amplifier to get enough current to drive the light bulb.  Collect the data so that you’ve got enough data to see the display.  Use the curve fitting VIs under the mathematics menu to figure out the decay constant.  The inputs to the VI must have X (time, in this case) and Y (amplitude) data in arrays, the indices need to match up by pairs. It’s pretty easy to pull out the Y data from a waveform, but you’ll have to be a little creative to build the array of X values.   A potential problem is that the fitting doesn’t handle a DC offset.  You can use some of the more advanced curve-fitting VIs to build a model that fits:
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To build up statistics, you can have this process repeat several times and determine the average value of the decay constant.

When you’ve figured out the light bulb’s time constant, see if you can figure out the decay time for an LED.  

You can now use LabVIEW to curve fit more complicated functions.  Have fun!
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