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Front Panel Functions and Options

I.
Voltage output

II.
Voltage Histogram

III.
Integral Histogram

IV.
Amplitude Histogram

V.
Amplitude Spectrum

I.
Voltage Output (basic NI-SCOPE function)

The voltage output takes in a number of points from a data acquisition, modifies it by the user-entered information, then outputs a graph based on the user-entered and the pre-programmed information.  The following options are available for the voltage output function:

Data Acquisition Card Port: The data acquisition port information to be used

Channel: The channel the program is to take information from

Voltage Upper End: The highest voltage to be measured

Voltage Lower End: The lowest (most negative) voltage to be measured

Precision: To what decimal place the voltage is to be measured to

Trigger (Yes/No): Whether a certain threshold voltage must be reached in order to start measurement

Trigger Low/Hi: What the threshold voltage must be in order to start measurement

Timing: How many data points are to be accepted by the program from the data acquisition card

Data Points: How many data points are to be shown on the graph

Clear Data: Clears all stored data and “wipes” all the graphs clean

Stop: Stops the program from running

II.
Voltage Histogram
The voltage histogram takes in the modified points of the voltage output function, and creates a histogram of those points based on user-entered information.  The following user options are available for the voltage histogram function:

Data Points: How many data points are to be accepted by the functions from the voltage output function

Plotted Data Points: How many data points are to be shown on the graph

III.
Integral Histogram

The integral histogram function takes in the modified points from the voltage output function, further refines the points by another triggering function (so only pulses will be calculated), calculates the integral of each pulse (area under the curve), creates a histogram of the integrals of the various pulses, and outputs the histogram in a graph.  The following user options are available for the integral histogram function:

Trigger Low/Hi: What the threshold integral must be in order to start measurement

Data Points: How many data points are to be accepted by the functions from the voltage output function

Plotted Data Points: How many data points are to be shown on the graph

IV.
Amplitude Histogram

The amplitude histogram function takes in the modified point from the voltage output function, further refines the points by another triggering function (so only pulses will be calculated), calculates the amplitude of each pulse, creates a histogram of the amplitudes of the various pulses, and outputs the histogram in a graph.  The following user options are available for the amplitude histogram function:

Data Points: How many data points are to be accepted by the functions from the voltage output function

Plotted Data Points: How many data points are to be shown on the graph

V.
Amplitude Spectrum

The amplitude spectrum function takes in the modified point from the voltage output function, calculates the amplitude of each pulse, creates a specialized window to allow the spectrum to be properly analyzed, creates an FFT spectrum of the amplitudes of the various pulses, and outputs the FFT spectrum to the specialized window.  The following options are available for Amplitude Histogram:  The following user options are available for the amplitude spectrum function:

Data Points: How many data points are to be accepted by the functions from the voltage output function

Plotted Data Points: How many data points are to be shown on the graph
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I.
Data Card Initialization

The data acquisition card is initialized using the built in NI-SCOPE function, at which time the data card is activated, and the program begins taking information from the chosen port and channel.  Unless the user specifies otherwise, the default values assigned to the NI-SCOPE initialization function directly from the DAQ card are 5000 points per second, a variance of +-5V, and an edge triggering value of +-0.01mV.  The DAQ card assigns each point a time stamp, combines the voltage reading with the time stamp, and passes the values via a continuous data stream to the Height/Width Adjustment function.
II.
Height/Width Adjustment

The data stream is modified, separated into height and width components, and assigned voltage and time components, respectively.  This is done to allow for easy graph creation and easy data manipulation/mapping.  
III.
Edge Triggering

The voltage value from the data stream is compared to a user-entered value (a default value is used if no value is entered by the user).  The type of comparison is also entered by the user (the default comparison is greater than).  If the data stream voltage value passes the comparison test, the program continues to send data to the later parts of the program; if the data stream voltage value does not pass the comparison test, the stream is halted and the data is not sent to the later parts of the program.  The comparison occurs for each data value, so only data values above the user-entered value will be passed on to the other functions.  This function is used to lower the error values by throwing out “noise” voltage values and only allowing the desired voltage values to be used by the later functions in the program.  It should be noted that actually two edge triggering devices exist.  One edge triggering function is responsible for halting the usual “noise” values, while the second edge triggering function is used to ensure that an actual intended “spike” is being recorded, and not simply an unintended increase in voltage such as if an accidental wire were connected.  The “noise” edge triggering function comes first, and only those points that pass the comparison are then evaluated by the second edge triggering function.  It should further be noted that the edge triggering functions should only be used to record extremely quick (around a few s) bursts.  If a burst lasts for too long, the edge triggering functions interpret the data as multiple spikes, instead of one, long spike, and record the data as so.  A sister program was created with the ability to measure longer spikes by placing the second edge triggering function into a loop.   After the first edge triggering function receives a successful comparison, the data stream is then passed into the loop, where it will continue to stay until the data value finally fails the second edge triggering function’s comparison test.  While the burst continues to satisfy the second sedge triggering function’s comparison test, a matrix in the loop is used to record each of the data values (voltage and time stamps) recorded for the burst.  When the burst finally subsides, the matrix then creates a new data stream for the burst data, and passes it on to the rest of the program.  The sister program may not be used for short spikes, however, because at present, the computer the program resides on is not sufficiently powerful enough to perform all the operations calculations required in the allotted time.  This inefficiency results in the loss of the first data point, which although is sufficiently within error boundaries when the burst is long and contains thousands of data points, completely fails when the burst is smaller, and only usually contains one data point.  As the GEM detector sends data involving very short sparks, the first program is the recommended program.
IV.
Voltage Histogram/Voltage Output Function Array (Struct)

After the edge triggering, the data stream is then separated into two branches.  One branch is then passed through a struct (an array of functions).  User-entered and pre-programmed information is entered into a struct, where the data is manipulated and modified, and added to the data stream.  The array is used to modify the data stream to allow for graph manipulation and creation without the added space required by many different functions. The struct also adds graphical components to the data stream.  The data stream is then passed through to the graph labeled Voltage Histogram.  The graphical components of the data stream added by the struct allows a user use the mouse button to zoom in, zoom out, or choose to view specific area of the Voltage Histogram graph in the Front Panel, thereby allowing a greater degree of precision and giving the user an idea of what values to enter for the rest of data graphs.
V.
Arrays/Loops for Integral/Amplitude Histograms

Two arrays, one for integrals and one for amplitudes, are created and initialized to 0.  These arrays will store each integral and amplitude value from the program initialization until either the program is stopped or the clear data option is used.  Nested loops are used to further refine the data points and make sure only the desired data points are actually used in the following calculations.  Each time a data point successfully passes through all the loops, it is entered into the arrays, and the arrays are used to create histograms that are plotted on the appropriate graphs.  Each time the graphs of the histograms are “updated,” a new histogram is actually created and plotted on the graph to replace the previously plotted histogram.  The arrays, including the time stamps, may be saved to a file in real time during program execution by turning the file data storage option next to the arrays on, and entering a file name when prompted.  The number of data entries is the number of pulses measured by the program, which is displayed on the front panel.
VI.
Built-in Voltage Output, Voltage Histogram, Amplitude Spectrum Functions

Built-in functions are used for the voltage output, voltage histogram, and amplitude spectrum functions.  Pre-programmed choices are used to select the appropriate functions, and the data stream is passed to the correct graphs and functions after the initial function implementation.  The data stream is modified before it is entered into each of the functions to obtain the desired results.

VII.
Error Handling

Simple, pre-existing error detail prorogation and output are used to output errors to the screen in simple format, so the user can tell what, if any, error occur during the execution of the program.  If an error occurs during program execution, the program will shut down, if necessary.  Whether or not the program shuts down, it will display the given error in the error description area of the front panel.
VIII.
Data Point Concept

To understand most of the programming concepts, it is necessary to understand how “points” are read by the program.  A data point is actually the measurement of a voltage value and its accompanying time stamp, or when the voltage was measured.  A pulse contains a combination of many of many data points, when whose coordinates are used to plot a graph, form the figure of the pulse.  Although the program carries out calculations one data point at a time, it is necessary to compile the data points together in order to use the overall pulse, and not each of its data points, in calculations.  This can be obtained by creating an array for the pulse, which will contain each of the pulse’s data points, and will act as the pulse, itself.  A struct will then be created to act as an array for each of the pulses, which is, in fact, creating an array of arrays.  In this way, calculations can easily be made on any of the single data point, any of the single pulses, or any combination of data points and pulses.
Functions to be Added:

The following are functions that will be added to the program upon return in the SP05 semester:

Half-height-width histogram: a function to determine the width of each pulse at 50% of the pulse’s height, using the data point concept mentioned above
Histogram Recording: recording of each histogram in an appropriate data file, have been able to save data in text format, looking to save data in graphical format so the user can view the data graphically after the program is executed
Variable Triggering: triggering based on user entered time as opposed to comparisons, currently time stamps are broken, so need to fix, first
Histograms Average Histogram: Previous histograms will be averaged and used to create a new histogram of the averages, can already do based on text format, looking for way to do it on graphical format.
