Lab 1: Exploring the DAQ Assistant
As you may recall from Physics 115, the most recent versions of LabVIEW have included the DAQ Assistant Express VI for the creation of most DAQ functions.  This is an easy to use, rather customizable program that allows the user to very quickly implement a wide range of analog input, analog output, digital I/O, and timing functionality.  

We used the DAQ Assistant in 115 to acquire very simple analog input: single values, regularly timed measurements (N-samples), and even simple continuous acquisition.  We also used single point analog outputs and then nested the output into a while loop to generate very slow and simple signals.  If you don’t recall how to do this, I strongly encourage you to repeat the DAQ Lab from the 115 course.  

There are lots of additional features available in DAQ Assistant, in this experiment, we’ll be looking at a number of analog input and output functionalities; we’ll come back to Digital I/O and Counter/Timers later.  Many of the features are depended on the DAQ device that you are using.  The USB-6008’s are significantly more limited than the 6251’s that are in the desktop computers.  
Triggering

We will investigate the use of triggered data acquisition in the first part of this experiment.  Triggering simply means that some sort of external signal is used to tell the DAQ when to collect data.  Depending on the hardware that you’re using, triggers originate from the following signals: a digital edge, a digital pattern, an analog edge, and a couple of others that are rather rare.  LabVIEW offers two kinds of triggering, the Start Trigger and the Reference Trigger.  Under normal circumstances they are mutually exclusive, and we will treat them as such in this course.  When a DAQ is set up to run with a Start Trigger, no acquisition will take place until the trigger condition is met.  It will then proceed with collecting the desired data with the chosen parameters (sample rate and number of samples).  Start Triggers can be used on all varieties of analog acquisition: single point, N-samples, and continuous.  Start Triggers are really useful, however they only show what happens after an event – often times it’s important to know what happened just prior to an event.  For this, we turn to the Reference Trigger.  A Reference Trigger will give you a set of measurements immediately preceding the trigger event (this is called the pretrigger data) as well as data after the event (posttrigger data).  One of the properties that you set when using the Reference Trigger is the number of pretrigger samples.  The number of pretrigger and posttrigger samples add up to the total number of samples for the acquisition; thus Reference Triggers can only be used for N-samples, since there can’t be a predefined number of samples in the continuous mode.  
The question you might be asking is “How does the DAQ know when to start collecting pretrigger data when the trigger condition hasn’t yet been met?”  A very good question indeed.  When you first configure a task with a sample rate and number of measurements, LabVIEW creates a buffer on the DAQ card.  The buffer is an on-board memory allocation that allows you to collect data very fast.  The data is then shuttled to LabVIEW on the computer in chunks.  You’ve been using buffers without even knowing it.  If you recall from 115, when we put a single point acquisition in a loop, we were severely limited in the rate at which we could collect data, perhaps only about 50 samples per second in a while loop.  Using a buffer, we can collect data at much higher rates – our 6251 cards can, when configured right, collect up to 1.25 megasamples per second!  Think of it like using boxes to move stuff: you can fill a box up with books and move them from one room to another faster than you could move the books individually.  Back to the pretrigger data; the DAQ starts, the buffer fills up, when the trigger happens, it reaches back into the buffer for the number of pretrigger samples, then finishes collecting the posttrigger data in the rest of the buffer.  
You’re going to want to build a debounced switch to use as a digital trigger; the circuit diagram for it is below.  Build VIs to investigate the following four cases:
1. Single point, hardware triggered

2. N-sample, Start Triggered
3. N-sample, Reference Triggered

4. Continuous, Start Triggered

For each case, investigate digital edge and analog edge triggering.  Use a variety of signals to measure: sine, triangle, ramp, sinc, etc.  
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Waveform Generation
In 115, we generated what might be considered by some to be a waveform and wrote it out on the analog output lines.  But truth be told, it looked pretty crappy – it was blocky and not a very good representation of the signal that we were interested in generating.  To write out a signal well, we need to sample it at a very high rate: probably 20 to 100 times the “highest frequency component” of the waveform that we want to write out.  
This is rather different from making measurements.  We found that we could represent a signal very well by sampling at ten times the signal frequency.  The problem arises from the fact that in acquisition, there is no data between the points – in generation, the value holds until the next value is given.  

As you can see in the figure to the right, even when sampling at ten times the signal frequency, generated data is rather poor – whereas the acquired data is a pretty good representation.  The lower figure shows how much better it gets when you sample at even higher rates: the output (I have removed the points in for clarity) is still rather jagged – but it looks much better than before.  

Are we completely lost?  Not quite, there are some post generation filtering techniques that can be implemented, and with our old DAQ cards we pretty much had to since the maximum output rate was approximately 20 kS/s.  Our new cards are over 2 MS/s, we’re golden now!  

Your task here is to investigate generating “burst” waveforms (N-samples) and then “continuous” waveforms.  First generate sinusoidal and sawtooth waves using the waveform generation VIs in conjunction with the DAQ Assistant.  After this, try to use the Build Waveform VI (or if you’re really ambition, the Simulate Arbitrary Signal Express VI) to build an unusual looking signal to write out continuously.  
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Debounced Switch for Digital Triggering








