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Key Features of BEProbe
BEProbe makes excerpts from records of neural activity using behavioral events as reference points (probes).  The program works with two synchronized data records.  One is a stream of bit map files that is the video record of a series of discrete trials.  The other is a file containing a synchronized record of digitized analog activity, the A/D Log.  BEProbe is written in Visual Basic 6, and runs on Windows operating systems. It uses Excel files and needs to be able to access that application.  The principal products of the program are PeriEvent and InSequence files.  They contain excerpts of the measures indexed to the occurrences of a behavioral event on multiple trials in a session.  The excerpts in PeriEvent files span selected time frames before and after the onsets of a sequence.  InSequence files contain excerpts spanning the duration of a behavioral sequence, i.e., from its onset and termination.  To produce these excerpts, the user directs BEProbe through a series of functions.   
The first step is to capture video frames along with analog data, a feature requiring a frame grabber board and not covered in this brief description.  Next, the user identifies the frames on which behavioral events begin and end.  The user generates sequence files that compile this information over trials for the session.  The user additionally may manually digitize points and store them in tracking files.  The user selects how the A/D channels will be conditioned (e.g., demeaned, filtered, scaled).  When peak detection is selected, the user can manually edit the peak record.  The user gets a macro view of the behavior and analog records using the scan trial feature which shows a video clip concurrently with a cursor moving along the analog records.  To make PeriEvent files, the user views segments of trials with a selected behavioral event, selecting the segment size, and the specific trials to include.  BEProbe makes a text file for a single sequence for each session in which rows represent occurrences of an event and columns are sampling times.  InSequence files are similar but the number of sampling points can vary for each occurrence of the sequence.  
How to Use the Quick Guide

The guide is intended to provide you with a feel for BEProbe in approximately 20 minutes.  You can take BEProbe through a small data set using the key features.  The data set is comprised of two sessions each with 3 trials.  Each trial is 5.12 sec in duration and is represented by 256 video frames (50 Hz sampling) and 512 analog samples (100 Hz sampling).  In this example, there were 9 analog channels which included hippocampal slow wave activity, accelerometer, force plate, and several event markers.  The data were acquired in an experiment in which a rat approached a treadle, licked a milk dipper, and approached a food pellet.  
If you print out the guide, you will not have to repeatedly switch windows.  
Options 
When you run the BEProbe20.exe file the options screen appears.  The text boxes are loaded with the contents of the BEProbelast.opt file.  The principal function of the Options module is to list the file paths.  You can select or type the file paths and store them in a subject-specific option file.   

The other function of the Options module is to configure the frame grabber.  In this example the frame grabber function is disabled as we are processing previously captured data.  
You leave the Options Screen by clicking on one of the buttons on the right.  As the specified data are not yet conditioned, click “SetUp A/D channels”.   

Set Up Channels

The grid shows the conditioning selections for each of 16 A/D channels.  The information is read in from a MeasureParameter file (an Excel file) that specifies what BEProbe should do with each channel.  This file also specifies the measures to be displayed on the other screens.  Each time BEProbe loads in an A/D log file, it conditions the data anew.  

In this example, BP01 has 9 channels in use, all sampled at 100 Hz.  Channels 1 and 2 had a pre-sampled gain of 100.  Channel 2 had a poor quality recording and was not further processed.  Channel 1, “left” is to be demeaned, clipped at level 6, standardized, high pass filtered with a floor of 4 Hz, and bandpass filtered between 4 and 14 Hz.   The bandpass record will be subjected to peak detection using a threshold of 0.2 standard scores.  All of these processes are optional.  If selecting the “as is” option is appropriate, you would just need to specify the display gain in the Measure Parameter file.    
Click “Process All Channels”.   The red highlights on the channel names indicate that the processing is working.  A message box appears indicating that a Peak file has been found for channel 1 and the threshold selected for the peak detection is ignored.  This indicates that the peaks have previously been detected and edited.  A bong indicates that the processing is finished.  
Click “Scan Trial” to get an overview of the data.  

Scan Trial

This screen shows a video frame window, selected A/D records, and tracking files for the first trial of the session.  
Click on the green “Play Clip” button and watch BP01 enter the runway, press the treadle, lap milk, and walk toward the camera to get a food pellet.  If your computer is fast, slow the display rate by clicking on small pink “Slower” button.  
Step through the frames by clicking the scroll bar next to the frame display.  The arrow keys on the keyboard also change the frames if the focus is on the scroll bars.  
The red cursor shows the points on the measure records corresponding to the displayed frame.  The measures displayed are selected in the Measure Parameter file.  Here the high pass filtered (HiP) record of the left channel is displayed along with peaks, their amplitude, and inter-peak intervals.  

Note that there are periods at the beginning and end of the trial where the left-HiP record shows apparent peaks but the peak record does not.  This indicates that the peak markers have been edited out because of artifact.  
The fourth record is a binary tracking event marker for tongue protrusion onset during licking.  You can check the accuracy of the scoring by comparing the bev2 markers with the frames.  Note that after the second lick, rhythmic activity is apparent in left-HiP for the duration of the licking bout.   
The behavioral sequences scored for this trial are listed on the right side.  Cursors for these sequences can be superimposed on the display.  Here is an example using licking and locomotion to the pellet.

Left click on one of the uncommitted white or blue display boxes in the lower part of the display.  Aim for the center horizontal line in the box.  

Left click on “5 First Lick” in the “Events and Sequences” list box.  That label appears to the left of the display box and a black vertical line appears on the channel records.   

Left click on another uncommitted display box, and then left click on “27 PC: Loco”.  Now you have two vertical lines on the display.

Note that the rhythmic slow activity during licking increases in amplitude just prior to the onset of locomotion.  

To look at the other two trials in the session, click on the scroll bar below the measure display.  Note that the markers for sequences you selected also appear on these displays.  
To check on the accuracy of the peak detection, click on “Edit Channels”.  
Edit Channels

The five display boxes show five measures for channel 1.  They are the standardized record, the high pass filtered record, the smoothed band pass record, the peak markers, and interpolated values of the peak amplitudes and inter-peak intervals.
The sample data were selected to show how clipping is used to reduce the effects of artifacts on the amplitude of the standardized measures.  In this case, cable movement artifact occurred at the beginning and end of some trials.  Note that certain portions of the standardized record have flattened peaks which reflects clipping at level 6.  
Look at the effects of reduced clipping.

Click the green “Begin Peak Edit” button to start.  Click “Clip Less”.  The clip level becomes 5, the peaks are flattened at a higher amplitude, the typical peak amplitudes are lowered, and the peak markers are more numerous.  The standardized values become generally smaller because the large artifacts increase the variability.  When you change clipping, BEProbe assumes that you want to change peak detection and it re-detects using the threshold specified in the measure parameter file.  
Click “Clip Less” again.  The clipping level becomes 4, the largest peaks go off scale, and the typical peaks become smaller. 
Return the clipping level to 6, and restore the original peaks by clicking on “Reload Peak File for This Channel”.  
Edit the peak detection record.  Start by clicking “Start Peak Edit”.  

To add a peak marker, left click on the peak in the band pass record.  The peak marker appears in the record below, and the amplitude and interval values update.  
To remove a peak marker, left click on the peak marker in the peak marker record.    The marker disappears and the amplitude and intervals update.  

Your changes will not be permanent unless you click “Save Peaks for This Channel”.   Up to that point you can revert by clicking “Reload Peak File for This Channel”.  

Click on “Mark Sequences” to see how to mark the frames where the sequences occur.  
Mark Sequences

The principal function of this module is to make a list of the frame numbers on which sequences and events occur.   Sequences have a duration and begin and end on different frames.  Events start and end on the same frame.   Stimulus events such as cues are marked like behavioral sequences and events.

Events are marked by stepping through the video frame display and entering the start and end of a sequence in the corresponding text box.  The list boxes show the sequences already scored for this trial.  

Below the video display, the measures listed are specified in the measure parameter file.  

In this case, the first three are binary event marks.  The first two are unused and the third, bev2, has been used to mark licking.  The next four traces are tracking records based on manual digitizing of the two eyes.  You can see the locations of the points by clicking “Start Tracking” and advancing the frames.  Do not click inside the frame display box unless you want to change one of the tracking point values.  

Try scoring some sequences.   First clear the existing marked events by clicking “Load Blank Seq Descrp File”, a yellow button on the right side.  A longer list of sequences appears and the frames values are blank.  
Mark the sequence “2 Paw on Treadle”.  Use the scroll bar to advance the frames, showing the rat advancing through the stall.  On frame 63 the rat’s left paw contacts the treadle.  Stop the frames on 63.  Click twice on the white box, and “063/063&” appears in the list box.  The first “63” is the onset, the second is the termination.  The “&” indicates that events and sequences may have multiple occurrences in a trial.  Advance the frames to frame 74.  The rat protrudes its tongue to begin lapping.  Click “5 First Lick” twice to mark this event.  Advance the frames to 154.  Click “6 Last Lick” twice to mark this event.  The first-lick to last-lick duration is a sequence termed “All Lick”.  Click the empty box next to “20 PC: All Lick” and type in “074/154” to provide the onset and offset of this sequence. 
If you were not working with pre-analyzed data, you would click “Save All Trial Sequences” to save marked and unmarked sequences, or click “Save Used Trial Sequences” to save only the events that you have marked.   Do not do this yet because you want to use the existing trial sequence file later.  
Look at the next trial in the session by clicking “Increment Trial”.  The records for trial 02 appear.  Note that the “paw on treadle” event occurs on frame 56 and the “first lick” occurs on frame 65.  
When all of the trials are marked, and their trial sequence files are saved, you are ready to make the session sequence file which combines the trial sequence files.  Click “Make Session Sequence File” and the message box states that it is done.  Note that the original file is overwritten without warning.  This is the file used to make PeriEvent and InSequence files for the sequences of interest.  Click on “PeriEvent Files” to see how.  

PeriEvent Files

This screen shows the sequences that were marked for the session and the measures that are available for file making.  Select the sequence “2 Paw on Treadle”.  Three occurrences of “paw on treadle” appear in the video displays.  The middle frames show the onsets of the event, the frames to the left show 12 and 24 frames prior, and the frames to the right show the frames 12 and 24 frames after.  The traces below each set of frames shows the complete left-HiP record for 520 msec prior and 520 msec after the onset.  
When you select a trial, the mean of the selected trials appears in lowest picture box.  

To make a PeriEvent file of left-HiP for “paw on treadle” for these three trials using these time parameters, execute these steps:

Click “Select all”. 

Click “Make PeriEvent File Using Selected Measure(s)”. 

A message box states that the “pev” file is made.  The file has a “pev” extension and is written to the BP01pev directory. 
Notes: 
The starts of sequences are treated like events and PeriEvent files can be made around them.  For example, if you select “22 PC: Pellet Cue”, BEProbe will treat the onset (frame 131) of the cue as the event.  
You can select multiple measures for each event by holding the control key down while clicking on different measures.  

You can select different time frames by various “Skip Frames” options.  The choices range from “Skip 1 Frame” which yields +/- 80 msec, to “Skip 24 Frames” which yields +/- 1000 msec”.   The time segments will be different with other video sampling frequencies.  Note that the “Skip” refers to the displayed video frames, not to the measure being excerpted. 
Now that you have made a PeriEvent file, click on “InSequence File”. 
InSequence Files
Sequences can have variable durations.  Click on “20 PC: All Lick” and the frames of two trials will appear along with the corresponding left-HiP records.  

To make an InSequence file of these two trials, click “Select All” and then click on “Make In-Sequence File(s).  A file with a “seq” extension is written to the BP01pev directory.  Its format and naming is similar to the pev files, except the row lengths can vary.   
You have completed the processing of data for session 01.  To process the second session of subject BP01, click “Options”.  

Options

To load the data set for the second session, type in “02” in the “Session(2) text box.  Note that the “(2)” is a reminder that session numbers must have two digits.  When you enter “02”, the text boxes for the file paths automatically update.   To start the analysis, click on “Set Up A/D Channels” and repeat the above steps.  
Next Steps

BEProbe is designed to make pev and seq files to be processed by high level analysis packages. The files are simple in format and could also be processed in Excel.   A common approach would be to combine PeriEvent files for the same sequence for multiple trials and then analyze trends prior to, and after the onset of an event.  Another approach would be to perform spectral analysis for each occurrence of sequence in an InSequence file and average the results.
