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NAME
analysis — data analysisyeraging and graphing

SYNOPSIS
analysis [file]

DESCRIPTION
Analysisallows you to analyse eun of data captured by one of the capture prograssepi(1)). Two
basic kinds of analyses can be performegraging of frames within a run into one or more bins, and
producing X-Y graphs showing twa dgnal varies with respect to time or to another signal.

If the optionalfile name argument is gn, analysiswill attempt to perform doad operation on this file.
(The file can be a parameter file, or a run file.) Ififois specified, you will hae b slect one later

At the bottom of the displaywnalysisprints the following menu prompt line:

Analysis Bins-see Calibration Directory Go Kep Load Maint Plot Quit Reset SeieW
W.F.-activity

This is themain menu, the top kel in a hierarcty of menus.  initiate an operation in this menu, or in

ary of the other menus in the hieraychlype the first letter of an item in the menu. Some items will per
form an operation and/or prompt you for input; other items will simply bring you to another menu, one
level lower in the hierarch An dternatve method of selection is to highlight the item you want from
the menu, then hit RETURN.The space barwill cause thenext item to be highlighted; the
BACKSFACE key (or DEL key; if this is yourerasekey) will highlight the previous item.If an item is
highlighted, the last line of the display briefly describes the choice, arsstiee next menu.Pressing

the ESCAPE &y & any time will usually bring you back to the main menu. Some operations bring you
back directly to the main menu after completion. Othergelgau in some lower leel menu, in which

case the position in the menu hieraréh shown at the left of the menu.

Analysis
This selection allows you to choose thealysis methodthat is the type of analysis that will be per
formed when you initiate th&o operation. Dependingn your choices, you may V& o descend
through seeral levels of menus before a method is chosednce the final choice is made, you are
returned to the main menuYou can nav perform aViewRequiredoperation, by typing/, thenR, to
see which parameters must be set before you can initi&te. aSee ANALYSIS METHOD®elow for
more details.

Bins-save
If your current analysis method is a form of trageraging or vavdorm-averaging, this selection ales
you to sae the aerages as a merun, for further analysis bgm, peel raster, or wtsum The aerages
will be calculated for you if you lan't performed theGo operation yet. If the "Pxgew averaged data”
option is enabled, you are asked if you want teeste raw data, instead of theveraged data.A
response ofY will cause the rna sweeps displayed in the ptiew to be sived; otherwise thebins are
saved, one bin per frame in the werun. If you are not saving the wadata, and if the "Display Std
Dev" option is enabled, you are asked if you want teeshe standard deviations along with the mean
data. Aresponse off will cause the standard dations to be stored in theven numbered frames, with
the mean data from each bin in the odd numbered fratmeall cases, you are asked for thevnen
file name. The frame file for this werun will be created if it does not exist, oreowritten if it does. If
your current run has a run description, it will be copied to the mu@. You are then prompted for the
run description, with the current onevgi as he default alue.

If your current analysis method is a form graph, this selection allows you to see the numegatues

used to generate the graph, and teeghese numbers in an ASCII text filBy default, only the Yaxis

vaues are sa&d, but you can change this by setting the "Number list format" string to indicate which
values you vant. Thisstring will be output for each point in the graph, ang ‘&' or "y" in the string

is replaced with the X or Y value for that point. Some of the titles and labels on the graph are also
saved in this file. The information is first displayed on the screen, then you are prompted for the file

name. Thdile will be created if it does not exist, oveswritten if it does. If you decide not to se& the
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information, just hit RETURN without entering a file name.

Calibration
This selection brings you to the calibration sub-system, which lets yoauan@ modify the in-memory
copy of the calibration information for the current run of dateeCALIBRATIONbelow.

Directory
This selection allows you to change your current working directdigu are prompted for a directory
name, and the current directory is winoas the defult. Thename you enter can be relatio the cur
rent directoryor fully qualified.

Go
This selection attempts to perform the selected analysis. It will stop if it detects a parameter which is
needed, but has not been properly set. Only the first error is reporéedif seveal parameters still
need to be setThe ViewRequiredoperation will give you a list of all parameters required for the-cur
rent analysis method.

When checking the "Run file" parametiéralso checks that the run file is present and readable. It will
reread the file if some other program has modified it. Runvewhged data will be rejected for most
analysis methods thatviolve traces since thg require thesample numbefrom the frames of ra data.
This number is notwailable in averaged runs, since arveage has no inherent "time of occurrence."
The only trace analysis allowed on amraged run is "Tracevaraging by frame list."

Once all parameters V@ passed the test, the analysis is performed, and the results are displeyess
the "Top title display" option has been turned off, The top times of the display should indicate the
run file name, the run description, and the "Graph description” string, as well\athde statistics.|f
the "Graph description” has not been set, then the range analysedvisisiiead in brackets, folked
by the tag list if this is a trace analysis which uses the tag $se ANALYSIS METHOD®elowv for
more details about the various analyses.

The first time theGo operation is imoked for a nev analysis method, when the "Auto scale" option is
disabled, the scaling parameters may be completely inappropriate. ylfatheset such that no data
would be in range, the program will recalculate them, once, as though automatic scaling had been
enabled. Hwever, if any data points are in range, the scaling will not be altedéds therefore usually

a good idea for you to re-enable the "Auto scale" option when changing analysis method, or when
changing parameters such that the display range will be altered.

If the "Get cursor readings” option is enabled, the program will pauseestigr'sweep" of data is dis-
played, to allr you to get readings from the dat¥ou can set tw markers,A andB, to two dfferent
points on the data, by using the pointing device teartoe cursor to the desired position, then pressing
either lutton A or B. The X and Y coordinates for the markers are displayesleathe menu. Pressing

the space bawill then cause the marker last set to advance to the next plotted pointA@ESBACE

key (or DEL key, if this is yourerasekey) will back up the marker to the previous plotted poiRtess
button C or D when you are done, then thexhsweep, if there is one, will be displaye¥ou can also
type the lettelQ to quit entirely; this will simply disable the "Get cursor readings” option. Note that this
option also affects other parts of the program, such as visual parameter setting; it is not restricted to the
Go operation. Itis usually wise to disable this option as soon as you are done with it, seo’itcame
back to haunt you later

If the "Preview averaged data" option is enabled, and a trace avderm average is being performed,
analysiswill display every "sweep"” that is being added intdoi. After each screen-full, you are ask
if you want to see moreA response of’, or RETURN will get you the next screen-fullA response of
N will cause the rest of this operation to be performed withoutigweng. Hitting the ESCAPE &y,
instead ofY or N, will abort theGo operation. Afterthe last screen-full of rav sweeps, hitting ayn key
will causeanalysisto clear the screen and display thverages.

Keep
This selection allows you to @& your current set of analysis parameters in a file, for later Uibés
includes all parameters related to the various analyses, the display options, and the plotting lbptions.
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does not include thevaveform paameters which are set and stored separately

You will be prompted for a parameter file name. The current file, if ca® leaded, is the damilt. The
file name sufx .prm is appended to the\gin file name, if it has no siif. The parameters are then
saved in the named file, werwriting ary previous contents.

Note that if you enter a file name containing.'a but not ending with theprm sufix, this suffix will
not be appended automaticallinstead, whater follows the last period in the file nhame is assumed to
be the sufx.

The program checks for conflicting run file and parameter file names whelkegpparameters after a
Set/File operation, orLoad parameters sad with this file name conflict. For example, if eng01.prm
points to eng03.frm, instead of eng01.frm, you will berwed.

Load
This operation allows you to load in aweet of analysis parameters, from a file previously created by
the Keep operation described ab& It can also be used to select avnein of data to analyseyen if
this run has no associated parameter file.

First, if ary of your current parameters\yebeen modifiedanalysisasks you if you want to ga them.
If you answen\, it will load the n&v ones, discarding the current ones. If you ansWeit will perform
a Keep operation, i.e. it will ask you in which file you wantkeepyour current parameters.

Next, you are prompted for the name of the parameter fileai. Once the name is entered, the param-
eters will be loaded from the file, replacing your current set. If a file with tlea game does notxést,

and the name does notveathe .prm sufiix, then this suffix will be added to the name. After loading
the parameters, the program attempts to open the run file whose rerstoved in the parameter file.

If it can’t find the run in the location indicated, it looks for the run in the directory which contained the
parameter file, as long as the base file name is the same for both files.

The program checks for conflicting run file and parameter file nhames when you load paramaeters sa
with this file name conflict.For example, if eng01.prm points to eng03.frm, instead of eng01.frm, you
will be warned.

If, instead of giving a parameter file name, yoveghe name of a me run, with no associated parameter
file, then the current set of parameters is cleared (all parameters are set back to theialintgalifv
ary), and the named run is selected as the run to be analysed. Théspsriderming aReset/Allopera-
tion, followed by aSet/Fileoperation.

Maint
This selection brings you to the run file andwdorm file maintenance sub-system, which presents you
with a secondary menuSeeMAINTENANCEbelow.

Plot
This selection brings you to the plotting sub-system, which presents you with a secondarySeenu.
PLOTTINGbelow.

Quit
This selection, from the main menu, allows you to exit the program. It first asks you for confirmation.
If you chooseNo, you will return to the main menulf you chooseYes, the program will terminate.
Before exiting, if ag analysis parameters va been modified, you are asked if you want tuestnem.
If you answerY, a Keep operation is performed, prompting you for a parameter file name.

A Quit operation from aylower-level menu simply brings you up onevks.

Reset
This selection allys you to clear some or all of your current set of analysis parameters. The choices
are:All, to dear all parameters which makip a mrameter fileDisplay-options to dear all parameters
which control hov data are presented on screen or plotted; Required to clear all parameters which
are needed for the current analysis method. Note tHReset/Allclears all analysis parametersjtb
leaves certain other parameters and options unchanged, suchlexsfomn parameters and the current
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waveform number

Set
This selection brings you to the analysis parameter setting sub-system, which lets you modifiotise v
parameters controlling the analysis and display of d&&eANALYSIS RRAMETER®elow.

View
This selection allows you to examine the current settings of some or all of the analysis parafmeters.
choices are as for tHeesetoperation abee.

W.F.-activity
This selection brings you to theawdorm parameter setting sub-system, which lets you examine and
modify the parameters used in the analysis of activity on a particalegfonm. Theseparameters are
associated with one of the current miwavdorms, and are stored in a file with the same name as the
current run, but with the g .pnn added, wheren is the vavdform number as two decimal digits. It
is possible to maintain geral of these files, one for eachavdorm of the current run.You must select
a iun to be analysed before you can get at thedorm parameters.

You will first be prompted for the awdorm number of the awdorm whose parameters are to be set.
You are then presented with amenenu. SeaVA/EFORM RARAMETER®elon for more details.

When youQuit from this menu, if you modified grof the wavdorm parameters, you are asked if you
want to sae these. Aresponse oN will return you to the main menu, and the changes are lost. If you
answerY, you are then asked for theawdorm number Normally, you will want to use the dafilt
value, to leep the parameters in the same file as the one from whiglwtre loaded.You can, hav-

eved, enter a n&y number to ransfer parameters for onevdorm to another wvedorm.

lcommand
Whenever the menu line has just been printed, instead of typing a letter to select a menu item, you can
type an exclamation point, followed by yatINIX command, then hit RETURN.A UNIX shell is
invoked to interpret and »x@cute this command. This can be done at bavd in the menu hierargh
except from a "pointing device menu", when cursor tracking is enabled.can recall and edit the last
command entered by hitting the "up arroveykor Control-K, after typing the exclamation point.

$or%
Whenever the menu line has just been printed, you can also type either a dollag)igo ifvoke an
interactve Bourne shell, or a percent sigh ], to invoke an interactve C $ell. In either case, the shell
will continue accepting commands until you typ€antrol-D, to exit from the shell, and return @nal-
ysis.

?or/
Wheneer the menu line has just been printed, you can also type either a questior?marks{ash fj,
to get a short description of all choicesilable in the current menuThe question mark magepend-
ing on your position in the menusygiyou a page of information explaining the highlighted choiSee
ONLINE HELP below for details.

ONLINE HELP
There are a fe types of online helpwailable in this program.First, like in nost of the other programs,
when you type a slash) @t any of the menus, the program will display a brief descriptionvefyeitem
in the current menu.

Typing a question mark;?), at aiy menu will cause the program to search for a "help page" describing
the currently highlighted menu item. If a help page exists for that item, it will be displayed on the
screen, and if there is more than one screen-full of text, the program will pause after each screen-full,
waiting for you to hit a ky. Hitting the ESCAPE &y will get you out of the helpatility, and back to

the main menu.Any other key will cause the help page to continue being display@dce the text has

been displayed, the programVesa you at the same menu item where you called up the belfityf. If

no help page»asts for the highlighted item, the program summarises the current menu, as it does for the
slash ley @&ove. Help pages xast for each analysis method selectable underAhalysis menu, all
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analysis and awvdorm parameters, and all operations underMaént menu.

Thirdly, you can find out which parameters must be set, and wileiglslquences to type to get to these
parameters, by selecting théewRequiredoperation, or the/iewAll operation, from the main menu.
These display the parameters required for the currently selected analysis method, or all of thesprogram’
parameters.

The usual sequence ofeats, after you selected a run file to analyse, is to first select an analysis method,
under theAnalysisitem of the main menuHelp pages arevailable for ary item underAnalysiswhich

sets the analysis method. These help pages contain the same descriptions found under the heading
ANALYSIS RRAMETER®elon. Next, selectViewRequiredto see which parameters youvhan <et.

Type in the ky quence gen for each parameter you wish to set. If you are unsurewfthaet ary
parameterjust hit RETURN when prompted for the parameterleave it unchanged. Thenenu item

for that parameter will n@ be highlighted, so you can call up the help page for it. Once all parameters

are set, seleddo from the main menu, to perform the analysis.

Certain display parameters willfat the appearance of the resulting graph. Most will appear in the list
of "Required" parameters, but some may ndb get a complete list of all display parameters, select
ViewDisplay-options

ANALYSIS METHODS
An analysis method is selected from the menus undeAmiadysisselection of the main menu, and is
activated by theGo selection. Thelocument, Mierarchy of analysis menus shows the paths to follo
through the menus to select an analysis mett@elow are descriptions of the types of analyses that can
be performed by this program.

For al of these analyses, the parameters "Start of run" and "End of run" can be used to limit the range of
data to be analysed.

For most of these analyses, the "Interpolation" parameter specifies whether linear interpolation should be
performed on the displayed datH.disabled, only the data points are wimo If enabled, the data points

will be shown, and will be interconnected by linggments. Theprogram normally interpolates only
between points that are shown on the graph, and completely ignores points that are clipped out because
they are too high or too M. This may gve certain graphs a very "broken" appearance. If both the
"Interpolation” and the "Extend interpolation" options are enabled, then the program will perform partial
interpolation between clipped points; line segments are dramgrddhese points, up to the top or bot-

tom of the graph.

Many of these analyses are based on the phasegcti#son a particular avedorm. Thesecyclescorre-
spond to bursts of activity on theawdorm, either duty cycles (lo frequeng oscillations) or spik trains
(bursts of spik ectivity). A cycle can span the start of one burst of activity to the start of the next, or go
from the end of one burst to the end of th&tngThe number of cycles is therefore one less than the
number of bursts of activity in the range being analysed.) The "Cydke #Vparameter selects this
waveform, and you must set the cycle-related (or ejtikin related) wvdorm parameters for thisave

form. If the "Base cycles on stop time" option is enabled, tlyefes will start at the ends of agty
bursts, rather than at the starts of thesests. Ifthe "Base cycles on spmkirains” option is enabled,
then cycles will be based on bursts of spiktivity on the selected awdorm, rather than on its duty
cycles. Theséwo options combine to ge four possible types of cycles fromyagiven wavedorm.

Because the cycles caary in length, thg must benormalisedto the same length, so that both the starts
and the ends of the cycles line upor averages based on ycle phase, the normalisation isvals per
formed. For graphswhere the X-axis represents thgcle phase, normalisation can be enabled or dis-
abled via the "Normalization" option. If disabled, only the starts of cycles are lined up, aallies v
represent time from the start of thegcke. If enabled, both the starts and ends are lined up, X values rep-
resent the position in theyde, from 0 to 1, and the cycle displayed may be repeatesiabdimes, as
selected by the "Cycles on graph" parameter

The "Cycles on graph" parameter can also be sét tme cycle will still be displayed, but it will be
drawvn as a polar plot. The position in thgcke (usually the X coordinate) determines the angle where a
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point is dravn. Theangles are labelled around the graph, igrées. Anangle of zero gies sme point

directly right of centre, 1/4 cycle is directly aloentre (90 deg.), 1/2 cycle directly left (180 deg.), etc.

The Y coordinate determines the distance of the point from the centre of the graplsually a good

idea to disable auto-scaling, and fix thaxis lover-bound at O for polar plots. The Y-axis labels appear

in the upper-left quadrant of polar plot3hey are drawn using the same scaling as a gmteclinear

plot. You can easily switch between the two, by alternating the "Cycles on graph" parameter between 0
and 1. Only normalisedcycle graphs mak use of this parameteso mly they can be made into polar

plots.

You can also ma& the program treat the whole range to be analysed as one single cycle, by setting the
"Cycle WF. #" to —1. This is useful with certainycle-based analyses, to wighe data wer the whole
run instead of byycle.

Many analyses are also concerned with spikesaation potentials on a wavdorm. The"Spike WF. #"
parameter selects thisamdorm, and you must set the spike-relateavdorm parameters for this ave
form. Mary of the action potential graphs are concerned not only with individual spikes, but also with
bursts of actiity, or spike trains. In those cases, you should also set theespéin related parameters.

When graphs ofweraged data are displayed, the "Display std dev" option controls whether the standard
deviation curves are sk along with the mean cuev If the "Histogram display" option is enabled,
instead of the usual graph, you will get a histogranwaigp the number of values added to each bin in
the average. Ifthe "Shoev areas under curves" option is enabled, the area under the meariscgrown

over the graph, as well as the areas under the standard deviation curves, if these are displayed.

Curvilinear regression can be performed on the datayavi graph. The "Regression degree" param-
eter can be set to the degree desired: 0 for gi@ssion, 1 for linear regression, 2 for quadratic, etc. (up
to 20). The regression line or cerwill be dravn on the graph A line abwe the graph will indicate the
correlation coefficient (R2), the intercept (b), and the slope coefficients (m).

Trace aeraging by frame list
A single bin is set up for each trace in the "Trace # ligtll frames in the "Frame list", which fall in
the range to be analysed, are added in to obtain a simgiegga for each trace. Deleted frames, and
frames whose tag values are not in the "Tag list" ackided.

This analysis method can also be used tevviaw traces; just set the "Frame list" to select a single
frame, and set the face # list" to select the traces you want to see. The traces are shown in humerical
order and ary repetitions in the list are ignored.

If your current run is a run of alreadyesaged data, you can still perform thigemging. Thetotal
number of sweeps shown takes into account the number of sweeps alreadyd into each frame in
the run. The "Start of run" and "End of run" parametereha efect here, since frames ofesaged
data hae ro inherent "time of occurrence."

Trace aeraging based on cycle phase
A number of bins are set up for each trace in the "Trace # lig\yedividing the normalisedycles.
Each frame in the range to be analysed is added in to the appropriate bin, based on the pointlen the ¢
where the frame astriggered. Deleted frames, and frames whose tag values are not in the "Tag list"
are cluded.

Trace aeraging based on WF. levd
A number of bins are set up for each trace in the "Trace # lis#i)yedividing the range ofoltage l&-
els measured from theawdorm selected by the "Amplitude W #'. Eachframe in the range to be ana-
lysed is added in to the appropriate bin, based on thefevm level associated with the frameThe
parameters "V amplitude delay" and "W amplitude window" indicate a range of points, relatio
the point where the frame was triggered, used to obtaivebriading on the avedorm.

The range of voltage Vels can be restricted to a smaller range, by setting the parameters "Kin W
amplitude" and "Max \W. amplitude". Only frames whose associatecawdorm level readings stay
within these bounds will be included in theemge. Normally these tw parameters only restrict the
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range, and do not entge it: if the parameters are beyond the range of voltags Il the wavdorm, it
is the measured range which is divided into bins, not the range defined by the parahieteser, if
the "Fixed WF. levd bins" option is enabled, then thedwarameters ab@ will always define the range
which is divided into bins,wen if it exceeds the range ofvds in the vavdorm.

Deleted frames, and frames whose tag values are not in the "Tag listkciwded. Yu can also
exclude frames that occur during the ineetiphase of gcles on the avdorm selected by the "Cycle
W.F. #, by enabling the "Actie cycle phase only" option. This restricts thesr@ge to frames that occur
between the start and stop times of activity ig eycle. If the "Base ycles on stop time" option is also
enabled, then the opposite is true; frames occurring in thevieghbtases are included, and frames in the
active phases are left out.

Trace aeraging based on tag alue
A number of bins are set up for each trace in thec@ # list", corresponding to the tag values in the
"Tag list". Each frame in the range to be analysed is added in to the appropriate bin, based on its tag
value and where this value appears in the li3tleted frames, and frames whose tag values are not in
the "Tag list" are xcluded.

Waveform averaging - spike triggered
A single bin is set up for eachawdorm in the "WF. # list". Eachaction potential in the range to be an-
alysed triggers a "sweep" from each of thevabaavdorms. Thesweeps are added to obtain a single
aveage for each avdorm.

The parameter "W avg window" controls the duration of each sweep, andF"\&/g delay" is a posi-
tive, zero or ngdive dfset from the time the sweep is triggered to the time the ssveaplow begns.

Waveform averaging based on cycle phase
A number of bins are set up for eaclawdorm in the "WF # list", evenly dividing the normalised
cycles. for each cycle in the range to be analysed, a "sweep" is triggered at the start of each bin in the
cycle, and the sweep is added into its birhe windav and delay are set as there for spile riggered
aveages abee.

W.F. averaging - spikes within cycle
A number of bins are set up for eaclawdorm in the "WF # list", evenly dividing the normalised
cycles. Eachaction potential in the range to be analysed triggers a "sweep" from each of ¥#ee abo
waveforms. Sweepsre added in to the appropriate bins, based on the point inyt¢hes where each
sweep was triggered. The windl@nd delay are set as thare for spile triggered @erages abee.

W.F. averaging - spike accurrence in cycle
A number of bins are set up for eaclawdorm in the "WF # list", corresponding to individual action
potentials, or spi& accurrences, in theycles. For example, 10 bins represent the first 10 action poten-
tials in each ycle. A sweep is triggered for each of these action potentials, and added into its corre-
sponding bin. The windw and delay are set as there for spile riggered aerages abee.

The "Spikes to skip" parameter can be set to indicaterhany spikes to ignore at the beginning of each
cycle. If it were set to, sayp, then 10 bins wuld represent the sixth to the fifteenth actions potentials.

If the "Reverse spile occurrences" option is then enabled, the 10 bins would represent the fifteen down to
the sixth action potentials from tkead of the gcle.

W.F. averaging based on spik interval

A number of bins are set up for eaclawdform in the "WFE. # list", evenly dividing the range of inter
spike intenals selected by the "Min intapike intenal” and "Max interspike intenal” parameters.Each
action potential in the range to be analysed triggers a sweep from each of weerabdorms. Each
sweep is added in to the appropriate bin, based on theahferm the previous action potentiaNo
sweep is triggered for the first spikn the range to be analysed, since no previousesgilsts to permit
an interval calculation. If the spktrains for the \avdorm selected by the "SpkWFE #" have been
properly set, inteals are calculated and sweeps are triggered only for spikes in the saegaspjland
no sweep is triggered for the first spiik each train. The windw and delay are set as thare for spile
triggered aerages abee.
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If the "Take intenal after spike" option is enabled, the bin for &egisweep is selected based on the
interval to thenextaction potential, rather than the interval from ginevious one. Nosweep is triggered
for the last spike in the range to be analysed, rather than the first, nor for the last isp#ach train,
when spile frains are set.

W.F. activity start & stop time analysis
The start or stop of activity on theawdorm selected by the "Y-axis W #" is plotted with respect to
the start or stop of activity on theawdorm selected by the "X-axis W #'. A point is plotted for each
cycle on the vavdorm selected by the "Cycle W #', and the start or stop times are calculated x&ati
to the start of the cycle in which theccur If the "Normalization" option is enabled, times are calcu-
lated as a percentage of the cycle length.

If the option "Base X on stop time" is enabled, times for the end dofityctiather than for the start of
activity, are used for the X coordinatedf the option "Base X on spé&trains" is enabled, the start or
end of spile tains for this vavdorm are used for the X coordinates, rather than the usual (gloky)c
activity. The "X-axis cycle offset" is used tofe€tively time-shift the gcles for the purpose of deter
mining in which gcle a particular burst of activity or sgikrain falls. Thisallows more reliable results
in borderline casesFor example, if a burst usually starts somtt after the start of the cycle, but starts
a bt early for a fev cycles, you can select agative dfset of a fev milliseconds so that thesewiebursts
will properly be associated with thgates in which thg occur, even though thg start a fev milliseconds
before the start of their associategtles. Similarly a positive dfset can be used if aviebursts end
slightly after the end of the cycle in which yheccur Note that this offset does not affect the calcula-
tion of the coordinate, so it is possible to gegaige pints plotted. Similar options for the-akis
waveform exist, and are used in the sameyw

If the "Cycle durations on X" option is enabled, the usual X-axivésridden by the cycle durationdn
other words, the graph becomes one of start or stop time of activity in cycle, versus cycle duration.

W.F. activity burst duration vs cycle duration
The duration of activity (duty) on theawdorm selected by the "Amplitude W #" is displayed with
respect to the duration ofdes on the avdorm selected by the "Cycle W #'. A point is plotted for
each activity burst on the formerawdorm, which falls into one of the cycles of the lattemvwasform in
the selected range to be analyséidthe option "Base cycle stats. on start" is enabled, the start @f acti
ity, rather than the end of adgty, is used for the purpose of determining in which cycle a particulestb
of activity falls, and where it falls within theycle.

The "Burst cycle offset” is used tofetively time-shift the cycles for the purpose of determining in
which cycle a particular burst of activity falls, muchelithe g/cle offset parameters for the "WVactivity

start & stop time analysis" graph aleo The "Burst duration type" parameter determines the way in
which the burst duration is calculated for eacinsb of actvity. The initial value, 0, means the duration

is the time from the start of theutst to the end of it. A 1 means the time from the start of the burst to
the start of the nextuost. A2 means the time from the end of the burst to the start of the next, and a 3
means the time from the end of the burst to the end of tkte ifethe "Relatve hurst durations” option

is set, burst durations are shown as a percentage of the corresponding cycle durations.

If the "Burst positions in cycle” option is enabled, the usual X-axisésridden by the cycle positions

of the activity lursts. Inother words, the graph becomes one of burst duragosus position of burst in
cycle. Justike any o the other graphs of "something" vs cycle, this graph can be normalised, and the
"Cycles on graph" parameter will then ¢affect.

If the "Flip durations" option is enabled, the usual X and ¥saare transposed, giving you a graph of
cycle duration versus burst duration. If the "Flip durations” option and the "Burst positiopsl@i c
option are both enabled, the graph becomes one of cycle duration versus position of lyalst in ¢

When the "Second W bursts" option is enabled, the end of burst durations or train durations are tak
from the cycle activity recorded in theawdorm parameters of a seconégwédorm, selected by the "Sec-

ond ampl. WE #'. Either the start or end of the burst is used, depending on the "Burst duration type"
selected. If the "Second .W trains" option is also selected, iweprides this one, so the trains are used
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instead of the cycle activity for the secondwaorm.

Raw W.F. amplitude vs step cycle
The wavdorm selected by the "Amplitude W #" is dsplayed with respect to cycles on thawsorm
selected by the "Cycle W #'. Thatis, for each cycle on the latteraudorm, the corresponding ge
ment of the former awvdorm is displayed, werlaid by segments corresponding to all other cycles in the
range to be analysed. If thgate related parameters for thesplayedwaveform have been properly set,
statistics will be gien for actvity on this wavdorm, relatve o the abee cycles. Theparameters "Min
W.F. anplitude” and "Max WE. amplitude" can restrict the voltagevits alloved in the analysis to a
smaller range.

Averaged W.F. amplitude vs step cycle
This graph is similar to the one alep except that the cycles are divided into a number of bins, and all
data are added into these bins to obtainvarage cure which is displayed.

The "Amplitude” reported at the top of this graph is simply the difference between the minimum and the
maximum &erages calculated, i.e. a peak-to-peak amplitude. On a DC-coupled intracellular recording of
a motoneuron, this peak-to-peak amplitude is the locomotee gutential or L.D.P

Raw W.F. levd vs W.F. levd
An X-Y graph of leels on one wavdorm versus the correspondingréts on another avedorm is dis-
played. TheX axis wavdorm is selected by the "Amplitude .W #', and the Y axis avdorm is
selected by the "Second ampl.PA#'. The parameters "W. amplitude delay" and "W amplitude
window" indicate a range of points, relai © the point where each Y axisawdorm sample occurs,
used to obtain the correspondingdereading on the X axis avdorm. The parameters "Min \¥.
amplitude" and "Max \W. amplitude” can restrict theoltage leels allowed on the X axis to a smaller
range. Similarlythe parameters "Second minfVampl." and "Second max W ampl." restrict the Y
axis. Onlypoints whose X and Y axisvd readings stay within their respeibounds will be included
in the graph.

Averaged W.F. levd vs W.F. levd
This graph is similar to the one afgp except that the range of voltagevdéls for the X axis is dided
into a number of bins, and all Y axisvéts are added into these bins to obtain w&rage cure which is
displayed. ThéFixed WF. levd bins" option has the same effect here as it does for trecéTaerag-
ing based on W levd" analysis abee.

W.F. L.D.P. levd vs cycle duration
The "locomotor dre potential® amplitude on the avdorm selected by the "Amplitude W #" is plot-
ted with respect to the duration of cycles on thevdorm selected by the "Cycle W #'. A point is
plotted for each completeyde. ThelL.D.P. for each cycle is calculated as the difference between the
minimum and maximum \els measured on the formerawdorm. The parameters "W amplitude
delay" and "WF. amplitude window" indicate a range of points, relatio the highest or lowest point in
the g/cle, used to obtain arverage leel reading for the maximum or minimum part of thecle. The
parameters "Min \W. amplitude" and "Max WF. amplitude" can restrict the voltagevlis allowed in the
analysis to a smaller range.

If the "Preview averaged data" option is enabled, the calculated minimum and maxinwaeia &e dis-

played as markers on theawdorm. You can use the cursor to weothe markers to the Vels you

desire, to correct the L.D.Ralculation. Whenyou exit the preiew display, the complete graph is
shavn. If this option is set, and you are repeating the "Go" operation when the graph does not need to
be recalculated, the program will ask you if you want to recalculateywanand if not, whether you

want to review the calculated iesls.

The top title lines of the graph will siwoa few alculated statistics: the mean L.D.P., trough & peak
(min. & max. amplitude). If the alternate unit specifier for the displayaddarm is "mmHg", it is
assumed that the signal is blood pressure, and in this case the mean arterial pressure 8nalsalsho
culated as 1/3 of the peak plus 2/3 of the trough. If the "Display stdogi¢ion is enabled, another top
title line will show the standard deviation calculations for these means.
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If the "Shav time on X-axis" option is enabled, the usual X-axisveridden by the cycle start times.
In other words, the graph becomes one of L.Biiplitude versus time of cycle occurrence in the run.

If the "Flip L.D.RP and duration" option is enabled, the usual X and ¥saare transposed, giving you a
graph of cycle duration versus L.Ddmplitude. Ifthe "Flip L.D.P and duration" option and the "Sho
time on X-axis" option are both enabled, the graph becomes one of cycle duration versus tiole of ¢
occurrence.

Raw trace amplitude vs step cycle
Displacements measured for each frame, on the trace selected by the "Amplitude trace #", are displayed
with respect to cycles on theawdorm selected by the "Cycle W #'. Thatis, for each cycle on the
latter wavdorm, the corresponding frames aveamined. IBr each of these frames, dvpoints are mea-
sured on the selected trace, and the difference isrsba the graph, at the position in the cycle where
the frame was triggered.

The position of these twpoints in the frame window are selected by the parameters "Trace amplitude
point" and "Trace amplitude ref". The first select the actual point to be sampled, and the second selects
the reference measurement location. These garameters he wrresponding "window" parameters,

which can be used to selectawanges of points in the franseindow: the program will search for the
maximum point, or the minimum point, in each of the tanges, based on the setting of the "Find max
trace amplitude" parametetf either of the tvo "window" parameters is set to 0, only one point is used

for the corresponding measuremett.line abae the graph will indicate which point or range of points

was wsed for each of the ttvmeasurements. Redless of whether the samplevéeand the reference

level are obtained each from a single point, or the minimum or maximum in a range of points, the refer
ence ledl is subtracted from the samplevi to obtain the amplitude reading for the frame.

If the "Trace amplitude ref" option is set to agaéve value (e.g. -1p), then the referenceelds not
measured, and the sampledes taken as an absolute reading.

If the "Average trace ampl. ref." option is enabled, rather than searching for the maximum or minimum
point in the "Trace ampl. ref window" for each frame, the program will insteadttakarerage of the
points in this range as the referenoeelle

If the "Trace ampl. integration" option is enabled, rather than searching for the maximum or minimum
point in the "Trace ampl. point windd for each frame, the program will instead integrate (sum up) the
points in this range. (What are actually summed up are displacementserieldtie reference el mea-
sured.)

The measurements for all cycles in the range to be analysedesi@doon the graph. Deleted frames,
and frames whose tag values are not in the "Tag list"xatade=d.

Averaged trace amplitude vs step cycle
This graph is similar to the one alep except that the cycles are divided into a number of bins, and all
displacements are added into these bins to obtainesage cure which is displayed.

Raw trace amplitude vs WF. levd
Displacements measured for each frame, on the trace selected by the "Amplitude trace #", are displayed
with respect to correspondingvi measurements on theawdorm selected by the "Amplitude W #".
The trace amplitude measurements are taken the same weagrdhier the "Rav trace amplitude vs step
cycle" graph abee. The wavdorm amplitude measurements are taken the samethg are for the
"Trace @&eraging based on W levd" analysis abwe. The "Fixed WF. levd bins" option has a slightly
different effect here, since the range ofele is not divided into bins, but it may affect (increase) the
range of lgels displayed.

Deleted frames, and frames whose tag values are not in the "Tag listkciwded. Yu can also
exclude frames that occur during the ineetghase of cycles, or the agi phase, in the same way as for
the "Trace weraging based on W levd" analysis abwe.

Averaged trace amplitude vs WF. levd
This graph is similar to the one al@pexcept that the range of voltagevéls measured from the selected

10 February20, 2019



ANALYSIS(1) Spinal Cord Research Centre ANASIS (1)

waveform is divided into a number of bins, and all displacements are added into these bins to obtain an
aveaage cure which is displayed. The "Fixed W levd bins" option has the samefedt here as it does
for the "Trace weraging based on \N levd" analysis abwe.

Raw trace amplitude vs frame number
Displacements measured for each frame, on the trace selected by the "Amplitude trace #", are displayed
with respect to their frame numbers. The "Frame list" parameter selects the frames to be measured, and
the order in which theare presented.The Frame numberfor each point on the X axis corresponds to
the frames’ position in the sequence in which frames are presemtexzke numbers do not represent
actual frame numbers unless frames are displayed in sequego®ifng with frame 1, and no frames
are cluded.

The trace amplitude measurements are taken the same weagrdhier the "Rav trace amplitude vs step
cycle" graph abee. Deleted frames, and frames whose tag values are not in the "Tag lisktiuged.

Raw trace amplitude vs trace amplitude
An X-Y graph of displacements measured on one trace, for each frame, versus the displacements on
another trace for these frames is display@tie X axis trace is selected by the "Amplitude trace #", and
the Y axis trace is selected by the "Second ampl. trace #".

The trace amplitude measurements for the X axis are taken the same waetler the "Ra trace
amplitude vs step cycle" graph alo Deleted frames, and frames whose tag values are not in dge "T
list" are ecluded.

The trace amplitude measurements for the Y axis aentaka very similar ay. The position of the

two points in the frame window are selected by the parameters "Second trace ampl. point" and "Second
trace ampl. ref'. These twparameters hee @rresponding "window" parameters, which can be used to
select tvo ranges of points in the franseivindow; the action ta&n in these ranges is determined by the
parameters "Find second max trace ampl.\yefAge second trace ampl. ref." and "Second trace ampl.
integration”.

Averaged trace amplitude vs trace amplitude
This graph is similar to the one algp except that the range ofbitage displacements for the X axis is
divided into a number of bins, and all Y axis displacements are added into these bins to obtain an a
age cure which is displayed.

W.F. gike train duration vs cycle duration
The duration of spi trains on the wvdorm selected by the "SpkWFE. #" is dsplayed with respect to
the duration of ycles on the wvdorm selected by the "Cycle W #'. A point is plotted for each spak
train on the former avdorm, which falls into one of the cycles of the lattemwsdform in the selected
range to be analysed. If the option "Base smiats. on start" is enabled, the start of the train, rather
than the end of the train, is used for the purpose of determining in which cycle a particidaraspik
falls, and where it falls within theycle.

The "Burst gcle offset”, "Burst duration type", "Relaé turst durations”, "Flip durations", "Burst posi-
tions in cycle", "Second W. bursts" and "Second W trains" parameters kia the same effect as in the
"W.F. activity burst duration vs cycle duration" graph.

Action potential position vs step cycle
Action potentials occurring on theawdorm selected by the "S@kWF. #" are displayed with respect to
cycles on the avdorm selected by the "Cycle W #'. Thatis, for each cycle on the latterawdorm, a
row of points is drawn, showing where in the cycle each action potential occurred. If teerapik for
the former vavdorm have been properly set, statistics will beven for activity on this vavdorm, rela-
tive o the abwe cycles.

For this graph, and for the sorted one belawhen you disable normalisation and "Auto scale”, you can
set the lower bound and upper bound of the X axis to gorigethe start and end of each cycle and the
program will display the points occurring in those areas (in the previous orymé}. c
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Action potential position sorted by cycle length
This graph is similar to the one algp except that the ycles are sorted in ascending order péle
length. You will usually want to disable normalisation towiéhis graph.

Action potential vs step cycle histogram
The cycles on the awdorm selected by the "Cycle W #" are dvided into a number of bins, and each
bin counts the number of action potentials, on thederm selected by the "SpkW.F. #', occurring in
its part of the gcle. Theresulting graph shows theeiage number of action potentials in each part of
the grcle. If the spile trains for the latter awdorm have been properly set, statistics will beven for
actiity on this wavdorm, relative © the abwee cycles.

Raw inter-spike interval vs gep cycle
The intervals between action potentials occurring on thedarm selected by the "SpkWFE #" are
displayed with respect to/cles on the wvdorm selected by the "Cycle W #'. Thatis, for each spi
on the former \@avdorm, the interval from the pvéeous spile is alculated, and plotted on the graph at
the position in the current cycle where this spikcurred. Noainterval is plotted for the first spé&of the
first cycle, if no previous spékwas found, in the selected range to be analysed, to permit an interval cal-
culation. Ifthe spile trains for the former ewdorm have keen properly set, statistics will beven for
actvity on this wavdorm, relatve o the abwee cycles. Also,in this case, intervals are calculated and
plotted only for spikes in the same gpikain, and no interval is plotted for the first spik each train.

If the "Take intenal after spike" option is enabled, the interval to the following spike, rather than the pre-
vious one, is calculated. No intaivis plotted for the last spekof the last cycle, if no following spékis

found in the selected range. If spikains hae been set, no interval is plotted for the last epik each

train.

For this graph, and for the similarwainstantaneous frequengraph belay, when you disable normali-
sation and "Auto scale", you can set thevdo bound and upper bound of the X axis to go beyond the
start and end of eaclyade and the program will display the points occurring in those areas (in the pre
ous or next ycle). Thisfeature will not work for theeraged graphs.

Averaged inter-spike interval vs gep cycle
This graph is similar to the one alep except that the cycles are divided into a number of bins, and all
data are added into these bins to obtainvarage cure which is displayed.

Raw instantaneous spik frequency vs step cycle
This graph is similar to the "Rainter-spile intenal vs step cycle" graph ab® except that the instanta-
neous frequencof each spile (the inverse of the interval) is plotted.

Averaged instantaneous spik frequency vs step cycle
This graph is similar to the one alep except that the cycles are divided into a number of bins, and all
data are added into these bins to obtainvarage cure which is displayed.

Raw inter-spike interval vs gike acc.
This graph is similar to the "Rainter-spile intenal vs step cycle" graph ab& except that the X-axis is
divided into a number of "bins", corresponding to individual spi&currences in eachycle. For each
cycle, the intervals for all spikeslfing into one of these "bins" are displayedertaid by data from all
other cycles in the range to be analys&du can also skip spikes, or sample spiiccurrences from the
end of the cycle, just lkfor the "WF. averaging - spile accurrence in cycle" analysis ale

Averaged inter-spike interval vs spike occ.
This graph is similar to the one afep except that the bins are used for calculatingrage intervals for
each spik accurrence, across all cycles, and a singlaae cure is dsplayed.

Raw instantaneous spik frequency vs spile acc.
This graph is similar to the "Rainter-spile intenal vs spile occ." graph abee, except that the instanta-
neous frequencof each spile (the irnverse of the interval) is plotted.

Averaged instantaneous spik frequency vs spile acc.
This graph is similar to the one alep except that the bins are used for calculatingrage intervals for
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each spik occurrence, across all cycles, and a singkzage cure is dsplayed.

Action potential vs W.F. levd histogram
The range of voltage Vels measured from theavdorm selected by the "Amplitude W #" is dvided
into a number of binsEach bin counts the number of action potentials, on tefarm selected by the
"Spike WF. #', occurring when the &l on the first vavdorm is in the range of this bin. The resulting
graph shows thevarage number of action potentials at eadvdorm level sub-range.

The parameters "W. amplitude delay" and "W amplitude windav" indicate a range of points, rehagi

to the point where the action potential occurred, used to obtairelaéading on the awdorm selected

by the "Amplitude WE. #'. The range of voltage lesls can be restricted to a smaller range, by setting
the parameters "Min W amplitude" and "Max WF. amplitude". Onlyaction potentials whose associ-
ated vavdorm level readings stay within these bounds will be included in the histogram.

Raw inter-spike interval vs W.F. levd
The intervals between action potentials occurring on thedarm selected by the "SpkWF #" are
displayed with respect to the correspondinglkeon the vavdorm selected by the "Amplitude W #".
That is, for each spikon he former vavdorm, the interal from the previous spikis @lculated, and
plotted on the graph at the position representing the ¢e the latter vavdform. Theparameters "\¥.
amplitude delay" and "W. amplitude window" indicate a range of points, relatio the point where the
action potential occurred, used to obtain lleeading on this latter avdorm. Therange of wltage
levels can be restricted to a smaller range, by setting the parameters "Hiraiplitude” and "Max
W.F. anplitude”. Only action potentials whose associatedvedorm level readings stay within these
bounds will be included in the graph.

No interval is plotted for the first sgkin the selected range to be analysed, since a previous ispik
needed to permit an intedvcalculation. If the spi trains for the former avdorm hase keen properly
set, interals are calculated and plotted only for spikes in the same $pik, and no interval is plotted
for the first spik in each train.

If the "Take intenal after spike" option is enabled, the interval to the following spike, rather than the pre-
vious one, is calculated. No interval is plotted for the lastespikhe range to be analysed, nor for the
last spile in each train, when spé&trains are set.

Averaged inter-spike interval vs W.F. levd
This graph is similar to the one alep except that the range of voltagevdls on the X axis is dided
into a number of bins, and all data are added into these bins to obtauerageacure which is dis-
played.

Raw instantaneous spik frequency vs WF. levd
This graph is similar to the "Rainter-spile intenal vs WF. levd" graph abwee, except that the instanta-
neous frequencof each spile (the inverse of the interval) is plotted.

Averaged instantaneous spik frequency vs WF. levd
This graph is similar to the one alep except that the range of voltagevdls on the X axis is dided
into a number of bins, and all data are added into these bins to obtauerageacure which is dis-
played.

Averaged inter-spike interval vs Train number
The intervals between action potentials occurring on thedarm selected by the "SpkWF #" are
aveaaged for each spgtrain on that \avdorm, and the erages are displayed for each train. That is,
for each spik on his wavdorm, the interval from the previous spiks @lculated. Br each train, the
mean interval is then plotted on the graph at the position representing the train.number

The spile trains for this vavdorm must be properly setintervals are calculated andieaged only for
spikes in the same sp@krain, and no interval is measured for the first spikeach train.

Averaged instantaneous spik frequency vs Train number
This graph is similar to the Mraged inteispike intenal vs Train number" graph ab® except that the
aveage firing frequencin each spile train (the iwverse of the interval) is plotted.
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Raw firing level vs gep cycle
The firing levels at each action potential are displayed with respect to cycles onatl@ormn selected
by the "Cycle WF. #'. Thatis, for each spi& on he wavdorm selected by the "SpkWF. #', the level
is measured at that same location on thederm selected by the "Amplitude W #', and displayed on
the graph at the position in the current cycle where thiegmiturred. Theparameters "W. amplitude
delay" and "WF. amplitude window" indicate a range of points, relatio the point where the action
potential occurred, used to obtain &dereading on this avdorm. Therange of voltage lels can be
restricted to a smaller range, by setting the parameters "Minaiplitude" and "Max WF. amplitude”.
Only action potentials whose associatedvdorm level readings stay within these bounds will be
included in the graph.

This graph is most useful when dealing with a differentiatedtdiorm. Spiles on the ditrentiated
waveform, indicating high rates of change ivdeon the original vavdorm, can be used to trigger firing
level measurements on the originahvedorm.

If the spile trains for the \avdorm selected by the "SpkW.F. #" havebeen properly set, statistics will
be given for activity on this vavdorm, relatve o the abee cycles.

Averaged firing level vs gep cycle
This graph is similar to the one alep except that the cycles are divided into a number of bins, and all
data are added into these bins to obtainvarage cure which is displayed.

Raw firing level vs sike occ.
This graph is similar to the "Rafiring level vs gep cycle" graph ah®, except that the X-axis is
divided into a number of "bins", corresponding to vlial spile occcurrences in eachycle. For each
cycle, the firing leels for all spiles falling into one of these "bins" are displaye¢kriaid by data from
all other gcles in the range to be analysedou can also skip spikes, or sample spilccurrences from
the end of the cycle, just kkfor the "WF. averaging - spile accurrence in cycle" analysis al®

Averaged firing level vs gike acc.
This graph is similar to the one al@p except that the bins are used for calculatingrage firing leels
for each spik occurrence, across all cycles, and a singkage cure is dsplayed.

Firing level vs firing fr equency
The firing levels at each action potential, calculated as for thew'Reng level vs gep cycle" graph
abore, are displayed with respect to the instantaneous frequeheach action potential. No point is
displayed for the first spg&in the range to be analysed, since no previousesgilsts to permit a fre-
gueng calculation. Ifthe spile trains for the vavdorm selected by the "SpkW.F. #" have been prop-
erly set, frequencies are calculated and points are displayed only fes $pikhe same spmkirain, and
no point is displayed for the first spikn each train.

W.F. gpike auto-correlation histogram
This graph is similar to the cross-correlation bglexcept that the avdorm is analysed with respect to
itself. Onlythe wavdorm selected by the "SpkWF. #" is used; the "Spik corr. W.F. #" is ignored.

W.F. pike adoss-correlation histogram
Each action potential on theawdorm selected by the "S@kW.FE #', in the range to be analysed, trig-
gers a "sweep" from theavdorm selected by the "Spakoorr. W.F. #'. The window and delay for these
sweeps are set as vhare for spile riggered aerages abee. The sweep windw is divided into a num-
ber of bins, which count the number of action potentials found in each pavergf sveep analysed.
The resulting graph shows theeeage number of action potentials in each part of the sweep windo

You can limit the number of spikes counted in each sweep, to a certain number allowed before the sweep
was tiggered (if using a rggtive celay), and a certain number alled after the sweep was triggered.
This is done by setting the parameters "Cguikes before trigger" and "Corgpikes after trigger".

The program performs a test of statistical significance on the peak of the graph, and indicatdseabo
graph if the peak is significantA significant peak is one where the peak count exceeds the mean base-
line count by more than 3.29 times the root of this melme results of a "K test" are also shown\abo
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the graph. These tests are describe8hort term syrfwonization of intecostal motoneurone activityy
T. A. Sears and D. Stagg, J. Physiol. (1976), 263, pp. 357-381.

Raw trace spike oount vs step cycle
The number of spikes found for each frame, on the trace selected by the t8p&#", are displayed
with respect to cycles on theawdorm selected by the "Cycle W #'. Thatis, for each cycle on the
latter wavdorm, the corresponding frames amamined. Br each of these frames, the selected trace is
searched for spés, and the number of spikes found is shown on the graph, at the position ycl¢he c
where the frame as triggered. The spgkmeasurement is controlled by the parameters "Tracee spik
threshold", "Trace spé&hysteresis”, and "Trace spgildscr.". The"Trace spik delay" is simply an déet
from the start of the fram&'window where the search for sgk is to begin; if set, spikes before this
delay are ignored.The data for all cycles in the range to be analysed\artam on the graph.Deleted
frames, and frames whose tag values are not in the "Tag listkaueled.

Averaged trace spile aount vs step cycle
This graph is similar to the one alep except that the cycles are divided into a number of bins, and all
data are added into these bins to obtainvarage cure which is displayed.

Raw trace spilke latencies vs step cycle
The latencies of spikes found for each frame, on the trace selected by the t'&mek#", are displayed
with respect to cycles on theawdorm selected by the "Cycle W #'. Thatis, for each cycle on the
latter wavdorm, the corresponding frames amamined. Br each of these frames, the selected trace is
searched for spikes, and the latencies of all spikes found are shown on the graph, at the position in the
cycle where the frame was triggered. The spikeasurement is controlled by the same parameters as for
the trace spiék oount graphs ab@ Latencies are measured from the point in the winddere the
search for spigs bgins. Thedata for all cycles in the range to be analysed gsedaid on the graph.
Deleted frames, and frames whose tag values are not in the "Tag liskthueed.

Raw waveform display
All wavdorms in the "Rev W.F. # list" are displayed for the range selected by the parameters "Start of
run" and "End of run". The awdorms are shown in the order specified in the list, and repetitions are
allowed. Ifthe "Display crossings" option is enabled, markers on the display will siinere the ycles
start, provided that the "Cycle W#" parameter has been set, and thelerelated \avdform parameters
for that wavdorm have dso been properly setSimilarly, if the "Display cycle lengths" option is
enabled, the ycle lengths are indicated at the bottom of the displdythe "Display both crossings"”
option is enabled, in addition to the "Display crossings" option, then a second set of slightly smaller
marlers will also she the end of activity in eachycle.

If the "Calculate werlap” option is enabled, the program calculates the total amount of time in which the
actiity on each vavdorm overlaps with actrity on the vavdorm selected by the "Cycle W #'. This
amount is shown as a percentage of the total "on" time of these cycles, on the \me&abhonavdorm

in the display The activity for each avdorm is measured from the cycle adly bursts, if these he

been set for this awdorm, or the spik ectivity trains otherwise. If neither is set, the line will remain
blank.

There is no corresponding "Rérace display,” since this can be accomplished with "Traemging by
frame list."

It is possible to get va wavdorms and a na trace displayed togetheby enabling the "Mark frame
positions on WE." option. The top quarter of the display will be used to display sweeps from the trace
selected by the "Amplitude trace #". The sweeps are displagditally, and the first point of each
sweep is lined up with the time (on thewdorms below) at which the frame containing the swees w
triggered. Deletedrames, and frames whose tag values are not in thg Ii$t" are gcluded. Ifthe

trace selected by the "Amplitude trace #" doesxist, the frame positions are indicated, but no sweeps
are shan.

If the "Partial WIF. resolution” option is enabled, the program will limit the resolution of the displayed
waveforms to the number of points specified by the "Display resolution" param#tés is useful for
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speeding up an uninterpolated displatien you dort' need the full resolution.

ANALYSIS PARAMETERS

The Setselection, from the main menu, is used to set the various analysis parameters. Theylokrarch
menus under this selection is arranged so that related parameters are grouped tAffethsetting a
parameteryou are usually left in the last menu you encountered, to simplify setting groups of related
parameters. @ familiarise yourself with the&Setmenus, refer to the documentdiérarchy of analysis
menu$ and "Setting analysis pameters"

All of these parameters can be set inxt't@mode," where you are prompted for a value for the parameter
and you type in the number or string desirddany parameters can also be sé&fually. When setting
parameters visuallya sveep of data is displayed on the screen, cursor tracking is enabled, and you are
prompted with a "pointing device menuRaameters are set by using the pointing device twenioe

cursor to the desired position on the screen, then pressing eitter A or B. Button C is usually used

to return to the previous menu, but is sometimes used to set a third paraififetemenu indicates
which button sets which parametdButton D usually gets you out of the visual mode of parameter set-
ting, and returns you to your previous menu.

When setting parameters visualljpou may or may not want the data displayed to be interpolated (i.e.
you may want a line graph, or simplyamt the data points)Usually, the "Interpolation” option will
apply to the data skm. It can be set by selectirnget/Disp-opt/@gde/Interp. An exception to this is

the display ofwaveformdgfor visually setting parameters, where interpolation is instead controlled by the
"W.F. Interpolation" option. This option can be set fronotdifferent places in the menus, by selecting
either Set/Disp-opt/Waveform/Interp.-W.étr WF.-activity/Set/Interp.-W.F.

When setting a numeric parameter in "text mode," you can enterditermin or max to set it to the
minimum or maximum allowedalue.

When setting, in "t& mode," a parameter which is part of the analysis parameter file, instead of entering
the parameter value in the usuadyvyou can enter a string of the for@ @file, wherefile is the full

name of an existing analysis parameter file, includingpgha sufix, if it has one. The program will set

the selected parameter by reading its value from the namedTfiis. feature is especially useful when
setting up automatic command scripts doalysis

Many of these analysis parameters are not set initialhjle most are set to some initiahlue. Because

this program can be used for a wide variety of analyses, the initial values of these parameters may not be
appropriate for manof your needs. If this is the case, you magnivto customise the initial set of anal-

ysis parameters that the program will usé do this, just get into the program without selecting a run

file, then set all of the parameters to suit your preferences. Once the parameters are to yokiediing,

them in the analysis parameter fismalysis.prmin your home directory Wheneer the program re-ini-

tialises all analysis parameters (when it starts up, or wherLgada run file with no associated param-

eter file) it will get its initial values from the ab®file. If you prefer to set up a file of initial parameter
values for all users, store it @ssr/neuro/lib/.analysis.prm. This file will be loaded if it exists, and if

the user has n@nalysis.prmfile in his home directory

WAVEFORM PARAMETERS

16

The top menu of the awvdorm parameter setting sub-system bears some resemblance to the main menu.
The Keep and Load selections allew you to s&e and load vavdorm parameter files for the variousave

forms associated with the current ruithey behave like the corresponding selections from the main
menu, except that thigprompt you for a \vavdform numbey instead of a file nameThe View selection

shavs you the current settings for all parameters for the curramdevm. The Resetselection allevs

you to clear all of these parameters.

The menus under th®etselection allev you to set the avdorm parameters.Most can be set in "k&
mode", and mancan be set visually The bursts of actity, for both cycles (dutyycles) and spigs
(spike trains), must be set visuallySingle-unit discrimination of spikes is also set visually

The menus under thexport selection allav you to eport some of the avdorm parameters, namely the
cycle start and end positions, the gpikain start and end positions, or the sppositions for indvidual
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single unit data sets. Also, though not strictly related to specdiedorm actvity, you can gport
deleted sections selected under Set/Range. The menus undemptreselection allev you to import
previously exported data in the same format, or similar comma-separated values in text files.

Pressing the ESCAPEek while in this sub-system, will not bring you back to the main memt, b
rather to the top menu of this sub-system. This is so you tdarcidentally lese without saving the
waveform parameters.The Quit selection returns you to the main menut first, if ary parameters were
modified, you are asked if you want toveahem. If you answer, the changes will be lost. If you
answerY, you are asked for theavdorm numbeyas br the Keep operation.

Threshold, lysteresis and discriminator
When measuring cycles or spikes, it is necessary to sehréghold and hysteresis The threshold is
simply a level which, when crossed, determines the start ofdecor spile. Thehysteresis is a &l
which, when crossed, determines the end of a spike, or the end of activitydte gtlee first part of the
cycle). Thehysteresis is expressed as a displacement from the threshold; if the threshold is changed, the
corresponding hysteresis changes along with it.

The hysteresis can be poa#i zero or ngaive. If it is zero, the ending threshold is the same as the
starting threshold; a posigé tansition across this threshold marks the start, andgaive transition
across this same threshold marks the efidt is negdive, it is added to the starting threshold to obtain
the ending threshold; a posti ransition across the starting threshold marks the start, andvéheniast
then go back down belothe ending threshold, which is lower than the starting one, to mark the end.

If the hysteresis is posit, it is aso added to the starting threshold to obtain the ending thresfibid.
time havever, the ending threshold is higher than the starting olmethis case, anegativetransition
across the starting threshold marks the start, and veenheist then go backbovethe ending threshold
to mark the end.

The discriminatorused for spikes causes rejection of noise which can be mistaken fes.spikrigger-
ing on positve transitions, ap spike which climbs abwe the discriminator is rejected. If triggering on
negdive tansitions, ay spike which falls belev the discriminator is rejected.

The discriminatorsfor cycles are used to define a range oElleto accept from the avdorm. Any
point which goes ab® the maximum discriminatoror belov the minimum discriminatorwill be
rejected, and replaced by the last valid datlmer Thisallows you to focus in on the range of interest,
and ignore aylamge spikes the avdorm may contain.

Cycle actwity
Cycle actvity must be set visually The procedure is to first set it automaticallshere you fiddle with
the threshold and hysteresis mentionedvalio get the gcle markers where you want them. The "Cycle
crossing delay" is used to eliminate false triggering on noise near the threSleold.to about 1/4 of the
length of a cycle, then adjust it from there.

Once the cycle markers are more or less thg you want them, you can quit the automatic selection,
then perform manual selectiotdere you can select individual pairs of start and end of activity ergrk

and mee them where you want them, or delete unwanted pairs. There are also phase-shift and time-
shift operations that can be performed, tovenove all of the marlers.

Normally, the start of activity will be madd close to halfway up the rising edge ofyale. For some
applications, haever, you may want ycle peak to indicate the start of ady, and the cycle trough to
indicate the end (or viceevsa). © do this, set the threshold to avé below, but near the peaks, and the
hysteresis to a &l above, but near the troughs (or viceernsa). Oncehe cycles hee been set in this
manney the Find—min&maxoperation will adjust all of the start and end of \atstimarkers to the local
maxima and minima.

Spike ectivity (spike trains)
For most analyses of awdorm spikes, it is a good idea to set the spilain markers, so that wrstray

action potentials that occur outside of the spikins (bursts of action potentials) will be excluded from
the analysis.You can also use spitrains as the cycle markers for cycle-based analyses, by setting the
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"Base cycles on spéktrains" option.

Spike train markers must be set visuallyou must first set the smkthreshold, hysteresis and discrimi-
nator mentioned alve, to indicate where the spikes occurhen, you set the trains automaticatishere
you fiddle with the "Spik train gap" to get the desired separation of epiirsts. Iftwo consecutie
spikes are closer together than this gapy thre taken as part of the same gpttain. If two ikes are
farther apart than this gap, the first iseakas the end of one spilrain, and the other is taken as the
start of the next train.

Once the spi& train markers are more or less the way you want them, you can quit the automatic selec-
tion, then perform manual selection. Here you can selectidudil pairs of start and end of adty
markers, and mee them where you ant them, or delete unwanted pairs, just as for cycle activity mark-
ers. Sometimeghe start and end marker will@lap on a single, isolated spike; you will usuallgn

to delete such a paifThere are also phase-shift and time-shift operations that can be performedgto mo
ove al of the marlers.

Single-unit discrimination

In cases where the signal on awdorm (ENG or EMG) contains spéis from seeral units firing simul-
taneously seps must be taken to isolate a single-unit, i.e. to deteatssfi@m one unit while rejecting
those from other unitsYou can begin by carefully setting the spkthreshold and discriminator to allo
only spikes within a certain range of heights.

When this is not siitient, you can perform further selections based on parameters sucheagidfik

area under spike, and a secongdlgliscriminator You can also se& dl the spile positions for separate
single-units, and later choose the single-unit data set you want, without having to repeat the whole selec-
tion procedure. These parameters are set fromMtReactivity/Set/Spikes/Unihenu.

Begin by selecting thé&lumberof the single-unit data set on which you wish to work (initidlly You

can then visually set the appropriate parameters, then perform an automatic selection. Once this is com-
plete, you can perform a manual selection to delete inappropriatssgiktboth cases, you areamned

if any remaining spikes in the current single-unit data set also appear in the data set for another unit.

Note that this is a very recent addition to the analysis program, and there is still much room feg-impro
ment, both in selection criteria, and in manual selection capabilities.

Virtual-W.F.

You can Setor Resefa "virtual wavdorm link" to another vavdform, to allav you to maintain a separate,
independent set of avdorm parameters for a\gin wavdorm. You begin by selecting a nomistent
waveform in the run with th&VF.-activity or WE.-activity/Loadselection, then you can set thiawgorm
number to be a link to an existingawdorm.

You ae first asked for the number of thewdorm to be linlked. Ary function or analysis that is ask
to use the current avdorm will use the one you specify here insteathu haveto specify the number
of a real vavdorm, as the program cdrchain virtual vavdorm links. You are then asked if you ant
to differentiate the avdorm on the fly If you answerY, the program will differentiate the selected
waveform automatically when the currentawdorm is requested. This canveadsk space by eliminat-
ing the need to store differentiatecawdorms. If you answerN, the program will gie the selected
waveform as-is when the currentawdorm is requested. This is useful when you want to set apotw
more independent avdform parameter settings for the samaveiorm.

Because the selectecawdorm is not copied, if it is\eer changed or remeed, the link to it will become
unusable, or will yield different awvdorm data. When viewing awdorm calibration information, the

links will be indicated, in the &fctive rate column, with the label "link to WF #" or "Hibf WF #".

These links will only wrk in the analysis program — no permanent changes are made to the run file
itself that would carry wer to other programs — but the link will besa with the wavdorm parameters

for future use in analysis.

Virtual wavdorm links dont actually create file links, so thiecan work on file systems that dorsup-
port file links, for example on a DOS partition under Linux.
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CALIBRATION
The Calibration selection from the main menu allows you towiand change the calibration for the cur
rent run. When choosing thace or Waveformselection of the calibration menu, you are prompted for
the trace or wvdorm number You can then change the calibration values, or the channel name, for that
trace or vavdorm. Any changes you makae kept in memory onjyend are lost when you select axne
run or exit this program, unless yoxpéicitly Savethe calibration information back in the run header on
disk. You can alsdoad the calibration information back from the disk, to abandon cdranges made
since the lasBave This information is also loaded automatically from the disk when you seleatv a ne
run, or when the current run is modified by another program, suftimssl, which can be called by an
escape to the shell. Note that most of the maintenance operations describeavibetoodify the in-
memory cop of the run headethen automatically se it to disk. Thishas the side-effect of alsoviag
ary changes you made to the calibration information.

You can also preide an alternatenit specifierfor ary trace or vavdorm. Thisunit specifier which is
entered in parentheses at the end of the channel name, selects the units in which the aaderor w

will be scaled when displayed. This unit specifieerddes the global unit specifier for voltageds. It

is used by default for the final display; the global unit specifier is still used buyldaf scale values for
parameter setting. When setting parameters for tracegvdaforms that hee an dternate unit specifier

the current parameter value is displayed in the units determined by the global unit specifier (normally
"mV"), followed in parentheses by the value scaled in the alternate urotset the parameteralue

using the alternate units, you must enter not just the numeric valtugou must explicitly follav it with

the alternate unit name, as it appears in the alternate unit specifier for this tremeformv (E.g."10

Vis".)

The alternate unit specifier can be in either af farms. Itcan be a simple specifier obltage or A/D

units, such agmV) or (A/D). It can also be used to indicatevheoltage or A/D lgels sampled repre-

sent some other type of units, such as pressure, temperature, current, etc. In this second form, a one-to-
one correspondence can be specified, or numbers cawdpetgiindicate the ratio of sampledvids to

actual units. For example, you could specify units for variouswdorms by setting the channel names

as follows:

Waweform
Waweform
Wavweform
Wavweform

Potentia(mV)

PressurémV = mmHg)
Emperature (V = 10 deg. C)
Curren{3 A/D = 10 uA)

If voltage levels are specified on the left hand side, thalues sampled will be coerted to the specified
voltage levels (using the zero, height andvékin the calibration information) before being wveried to
the units on the right hand side. If A/Dvé#s are specified on the left hand side,ytlaee cowerted
directly to the units on the right hand side, and the zew ike not shifted.

These alternate unit specifiers can be set ahead of time, usinglithrate(1) program. However, they
are currently recognised only laynalysis any aher program will ignore them, treating them simply as a
part of the channel name.

MAINTENANCE
The Maint selection allows you to perform various operations on the run file or dahdonm files. A
nev menu is presented to you, allimg you to select the operation or set parameters for an operation.
The choices are:

MR o

w

Blanking
This selection allows you to cp@ wavdorm, blanking out certain sections that coincide with the eccur
rence of spikes on anotherawdorm. The "Spike WF. #" parameter which is also used foaction
potentialanalyses, selects the latteawdorm. You must also set the spike-relatedvdorm parameters
for this wavdorm.

You ae presented a menu of parameters which you should set before procdadihguse thdNumber
selection to set the avdorm number for the data to be blatk Usethe Window selection to specify
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the length of the blanking interval triggered by each spike, andéhey selection to specify the time
(positive a negdive) from the start of a spgkto he start of the associated blanking ingdrv

Once these parameters, and the espédated parameters mentioned \abae all set, use th&o selec-
tion of the Maint/Blankingmenu to bgin the blanking operation. If the parameterseh&een set cor
rectly, you are asked for the number of thevn@avdorm, which must be different from the one being
blanked, and different from the avdorm used to trigger the blanking. If you enter the number of a
waveform which already exists, thisawdorm is erased, and thewene takes its place.

A "sample and hold" technique is used to aghidanking. l.e.the last sample in theavdorm before
the start of the blanking intealvis repeated throughout the duration of the blanking interval, and the
existing samples in that range are ignored.

Change-descr.
This selection allys you to edit or replace the run description for the current ¥ao. will be prompted
for the run description, with the current ongepi as he default alue.

Differentiate
This selection allvs you to calculate the differential of aawdorm. You are first prompted for the
number of the wvdorm to differentiate. ¥u are then asked for the number of thev meavedorm,
which must be different from the first ondf. the second avdorm already exists, it is erased. The dif-
ferential is then calculated, and placed in this secceddarm.

The resulting \avdiorm contains dierences between adjacent sample points in the fagdorm, with
the first point set to the same A/Drékas in the original vavdorm. An alternate unit specifier is set up
at the end of the channel name for thev meavdorm, to indicate the units in which theawdorm will
be scaled when displayed.

This operation may not be necessay it @an nav be cne on the fly using a virtualavgorm link in
the wavdorm parameters. It is still needed if you want to obtain a secofetatifial.

Erase-W.F.
This selection allows you to deleteyawavdorm in the current run, whether it was captured as part of
the original run, or created later by means of Bfemking, Differentiate Filter, Gen.-trigger, Link-W.F.
or Make-W.F. operations. Italso deletes avdorm parameters, so it can be used to nesma \rtual
waveform link, set up in the awdorm parameters of a nomxistent wavdorm. You will be prompted
for the wavdorm number of the awdorm to be deleted.

Filter
This selection allows you to create a smoothestdorm by filtering an existing oneYou can also rec-
tify the signal before filtering it, to obtain the lineawvenpe of that signal.You are presented a menu
of options and parameters which control the filtering. Some or all of these wéllihhe £t before you
can proceed. First, use tMéaveform selection to set the avdform number for the data to be filtered.
Then use thélighpassselection to select high-pass filtering, or Match selection to select notch filter
ing. If both are set, Highpasvarides Notch. Low-pass filtering is the default action if neither option
is set.

Use theZero-lag selection to select whether or not you want "zero-lagb (pass) filtering to be per
formed. Thelow-pass filtering algorithm used is argion of the "Second-ordezero-lag Butterworth fil-
ter", but you can select whether or not thearse pass is to be performed. This is a reearar infinite
impulse response (lIR) filtein which filtered output is fed back into the filtering calculations, and
closely mimics a hardware RC or LC filtelf only the forward pass is made, phase-shift distortion will
be introduced.If you select "zero-lag" filtering, it will takiwice as long, but the verse pass will elimi-
nate the phase-shift. In either case, end-point extrapolation is used to fstae fiter; points equal to
the arerage of the first f@ points (and of the last ¥e points) of the vavdorm are temporarily prepended
(and appended) to theamdform. Note that when used with awocutoff frequeny, the reverse pass of
zero-lag filtering can actually cause some smearing of the signal such that the onseityobpptars to

occur before it actually does in the original signal. Because of the potential for erroneous results in your

analysis that can be introduced by this, the Zero-lag optionwvistunmed of by default. If you turn it
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on, use care to watch for angoml such distortion of your signal, particularly when filtering aggres-
sively. Notch and high-pass filters are second- and third-order IR filters, reshectiThe Zero-lag
option works with these too, though phase-lag tends to be less of an issue with these tham-peés lo
filtering at a lev cutoff frequeny.

Use theCutoff selection to specify the cufdfrequeng of the low-pass, notch, or high-pass filtefou
are prompted for the frequgn Hertz, which can be grpositive real number The program limits the
cutoff frequeng to 1/3 of the sampling rate for the mavavdorm, to aoid the "ringing" caused by too
high a cutdf frequeng. If you enter the numbdd, then filtering will not be performed - only the other
processing, such as rectification and spurious point rejection, will.occur

The Divisor selection allows you to set the sampling rate divisor to be used whenwhganeorm is
created. Thiglivisor must be a posite integer A divisor of 1, the initial value, will mean that the sam-
pling rate will not be diided.

The Rectify selection enables full-ave rectification of the signal, before filtering. This is disabled by
default. Thethree remaining parameters — the rectifier baseline and the lower and uppew wigdo
criminators — can be set either by making the appropriate selection from the menu then entering the
value, or by using thé&/isually selection then selecting thevéts with the pointing déce. (Whenyou
selectVisually, the program asks you whether you want tawjast the current analysis range, selected
by the "Start of run" and "End of run" parameters, rather than the wholéNbithever you choose, the
waveform is displayed, and the cursor is turned on so you can point toveie yeu want.) Thewin-
dow discriminators are used to perform spurious point rejection, as described bélahis is not
desired, set them to the minimum and maximum allonsddes. Thebaseline indicates thevid to be
used as the "zero" for fullave rectification. D disable rectification, set it to the minimum aVed
level, or just disable th&ectifyoption.

Finally, once all parameters i@ been set, use th&o selection of thévlaint/Filter menu to begin the fil-
tering operation.If some of the parameters are set incorredhiig operation will quit. Otherwise, you
are asked for the number of theaneavdorm, which must be different from the one being filteréf.
you enter the number of aawdform which already exists, thisavdorm is erased, and the weone
takes its place.

A new wavdorm data file will be created, andyanombination of four operations will be performed to
generate the mewavdorm, depending on which options are set. If the wimdliscriminators are set,
spurious point rejection is performed; all points out of this range are rejected, and replaced with the last
valid point. If the baseline &l is set, the vavdorm will be full-waverectified. Ifthe cutof frequency

is set, the (possibly rectified)awdorm will be filtered. Finally, if the divisor is set to some imger n,

which is greater thaf, then the resulting avdorm’s sampling rate will be divided by. That is, only

the first of @ery n points will be kept in the file. Once the operation has completed, the run header in
the frame file is updated.

If the signal being filtering is fairly weak, you may want to amplify the signal to peedewsmoothness

of the resulting signal.You can accomplish this by using tienp selection to set the gain of the filter
before you start filtering. If you want to flifentiate the filtered signal, a strong signal is needed, so you
probably should amplify it.A negdive cain can be used toveart the signal. You can amplify a signal
beyond the range of 4096\ds generated by a 12-bit A/D ogenter; the software allows 16 times that
range (-32768 to +32767)A problem can occur if you use too dara gain on a signal that is not cen-
tered on zero volts: the offset from zero volts is also amplified, and it\efiow the long integer in
which it is stored, in the calibration informationt this occurs, the calibration will be incorrecthe
relative wltage leels will still be accurate for the mewavdorm, but the voltage offset of theawdorm

will be false. Thismay not be a problem if you're only interested in théedé#ntials.

Gen.-trigger
This selection allows you to regenerate a trigger signal aavafoun, based on the trigger times and
tags in frames. This avdorm can then be used for certain analyses basedavdosm spikes. The
current run file must be a run ofwalata, and it must contain frames for this operation dokw
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You ae first asked whether to include deleted frames. If these frames had been deleted due to false trig-
gering, you will likely want to exclude them. Otherwiseytishould probably be included.

You ae then asked for the number of thevneavdorm to be created. If this avdorm already rists,

it is erased.The program then generates a trigger signal on thisfarm, at the sampling rate at which

the run was captured. It will include 1 ms trigger pulses at the times the frames were triggered, each one
followed by a 2 ms encodedvét representing the tagalue for the frame.Seedsepi(1) for more infor

mation about tagging on the trigger signal.

Link-W.F.

This selection allows you to create a link to avdorm. You are first prompted for the number of the
waveform to be linled. You are then asked for the number of thes meavdorm, which must be diér-

ent from the first one. If the seconcawveform already exists, it is erased. The calibration information,
and all other information in the run header associated with the fissfoxm, is duplicated for the me
waveform. A link is then made to the avdorm data file for this first ewdorm, so that the same data
are aailable for either vavdorm number This allows you to maintain separate sets af&orm param-
eters for what is really just oneawdorm.

This operation has become obsolete, as it can v dbne using a virtual avdorm link in the vave

form parametersWhereas this operation requires a file system format that supports file links, the virtual
waveform links will work without the need for such a file link, faxaenple on a DOS patrtition under
Linux.

Make-W.F.

This selection allws you to regenerate a trace signal asagderm, based on the sweeps of data stored
in frames. This \@vdorm can then be used for certain analyses basedamdgosms. Thecurrent run
file must contain frames for this operation tork

You ae first askd for the trace number for the trace to bevedad. If this trace has no points, the
operation will end. You are then asked whether to include deleted frames. Unless yeuahgod rea-

son not to include them, theshould probably be included. The program will interpolate missing data
between frames that are included.

If the current run file containsveraged data, and noawdorms exist in this run, then the program can
reset the run length to the correct value for tladorm that will be generated. Thisawdorm will be
the concatenation of all frames from first to last, with no intervenaps.g Dependingn the aeraging
method used, this may be a sensible approach, or it mayyoatll have © be he judge. The program
will ask if it's OK to dhange the run length. If you answir or if it can't change the length because
waveforms already x@st, then it will pad or truncate theawdorm it generates to match the current run
length.

You ae then asked for the number of thevneavdorm to be created. If this avdorm already rists,

it is erased. The program then generates the trace signal oratfdenww, at the sampling rate at which

the trace was captured=or raw frrace data, it will create the missing parts between captured sweeps by
interpolating from the last point of one sweep to the first point of tkeswmeeep. Before the first sweep,

it will create a straight line at thevid of the first point, and similarly at the end of the last sweep, it will
extend a line from the last sample to the end of the run. (This is aledt kdll pad averaged data, if it

has to.)

The calibration information, and all other information in the run header associated with the selected
trace, is duplicated for the wavavedorm.

Reframe

This selection allows you to create amset of frames, triggered by sgik on a wvdorm. You hae

the option of usingll of the data (the entire run), or limiting it to a smat@nge. By reframing only a
range of the run, all of the data outside of the current analysis range are simply igrmuediso have

the option of creating a merun, which is a reframed (and maybe trimmed) version of the current run, a
new run without wvavdorms, or you canerwrite the current run directly
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This operation uses the same parameters as the spike-triggarddrin averaging described abs, i.e.

it is concerned with the spikes, or action potentials, onaadarm. The "Spike WF. #" parameter
selects this wvdorm, and you must set the spikelated \avdorm parameters for thisavdorm. Each
action potential triggers a sweep from each of tegderms in the "WE. # list". The"W.F. avg delay”

and "WF. avg window" control the onset and duration of each swespof the sweeps from one action
potential form a single frame, and a frame is generated for each action potaiittisting frames (if

ary) are thrown out; only the meframes are épt. Thetrace numbers for the sweeps in these frames are
the same as theawdorm numbers in the list, and the calibration information for thesetraxes is sim-

ply copied from their correspondingawdorms.

If you are creating a merun, you will be asked to enter the run file name for thig nen. If you enter
the name of an existing run file, or if you areravriting the current run, you will be asked for confirma-
tion before the run iswerwritten. Thereframing is performed in a temporary file, so you will need
enough free disk space to hold the generated man, ieyou are @erwriting an existing run. Once the
new frame file is generated, theawdorm files are generated (and possibly trimmed) as forTtira
operation belev. The same cgeats apply to both operations.

Select-frames
This selection imokes the frmselprogram to allev frame selection on the current run.

Trim
This selection allows you to trim the run to a smaller size, by throwing out all the data outside of the
current analysis rangeYou havethe option of creating a nerun, which is a trimmed version of the
current run, or you canverwrite the current run directlylf you are creating a merun, you will be
asled to enter the run file name for thissneun. If you enter the name of an existing run file, or if you
are werwriting the current run, you will be as#t for confirmation before the run iseowritten. When
the run is trimmed, frames in the frame file outside of the current analysis range are dhtpand all
waveform data files are shrunk so as to include only samples in that rdimgetrimming is performed
in temporary files, so you will need enough free disk space to hold the trimmedvearif gou are
overwriting an existing run. This operation does not preseriinks; even if wavdorm data files are
linked together in the current run, separate data files are generated foragdohmvin the trimmed run.

Note that neither the analysis parameters, nor gnefarm parameters, are changed by this operatlén.
you create a me run, none of the parameter files are copid¢dyou trim your current run, the time-
related parameters will no longer be properly set, and wéhtaally hare © be e-entered. (These
include the analysis range and the epaid cycle activity bursts for all awdorms.)

PLOTTING
The Plot selection is used to produce a plot similar to whatilel be displayed on the screen by Ge
operation. Anew menu is presented to you, allowing you to change certain plotting paramétess.
choices are:

Axes, Data, and Markers
These selections alloyou to change the pen numbers used to plot axes, data points, arefsmark
respectiely. You will be prompted to enter a pen numlaerinteger from0 to 8. Selecting pen number
0 wuppresses plotting of those items.

File
This selection allows you to store the HPGL commands used to plot the graph inYetileill then be

able to plot this graph, at a later time, bydking hardcopy1). You will be prompted to enter the file
name. Thegraph will be stored in thegn file, overwriting ary previous contents.

Interpolation
This selection allows you to change the "Plot interpgtion. If this option is enabled, the data points of
the plotted sweeps will be connected by lingnsents. Ifdisabled, only the data points are plotted.
This is similar to the "Interpolation” option for the screen dispbay is maintained as a separate option
because it is common to want interpolation enabled for plotting, but not for the screen display
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Plotting with interpolation enabled allows the plotter to work muashef with less wear on the pen.

(Note that, in either case, interpolation will not be performed on the data points in the graphs of action
potential position vsycle.)

Plotter
This selection allows you to plot the graph directly to the plotiére hardcopyprogram is imoked to
plot the displayed graph. Before beginning this operation.endate the plotter is powered up, on-line,
and that a clean sheet of paper has been loaded. Alsogmakthe plottes autoloadoption is enabled.
Quit
This selection returns you to the main menu.
Screen
This selection allows you to change the "Plot screen redraw" oplidhis option is enabled, the graph
will be redrawn on the screen while it is being sent to the file or the spdbldisabled, the current
contents of the screen will remain, while the plot is generated.

Text
This selection allws you to change the "Plot text" option. If this option is disabled, the generated plot
will not contain ag text; all tittes and labels will be stripped from it, \&ag only the axes, tick marks,
data points, etc. This is useful when the plot is reduced in size to the point whergt tiveulel be
illegible. If enabled, the generated graph will be complete with all titles and labels.

Video
This selection does not affect the pen plotbet instead produces a printed gapf the video display
current contents — a screen dump — byoking sdumgl1). The same thing can be accomplished by
pressing thequit key, normally Control-B. The Plot/Video operation has the admtage that it can be
used gen when analysisis reading its commands from a file, rather than the terminal. Also, the
Plot/Videooperation clears the menu area before performing the screen dump.

ERROR HANDLING

Although this program has been thoroughly tested, it is possible, in a program of thisxdgmide

some bugs to slip throughSevere errors, such as a memory fault, can cause the program to abort, pro-
ducing a core dumplf this happens, the core dump will automatically beedan a ecial directoryso

it can be examined later

Certain other errors are caught by the program, triggering an "INTERNAL ERROR" medbdls.
happens, the current set of analysis parameters will automaticallydskisa gecial directoryfor later
examination. du will be able to continue in the program, but bear in mind thatesults produced at
the time of the error will almost certainly be incorrect.

If you detect a bg which does not cause one of the&bections, but produces results which appear
incorrect,save your current pametersso that the error can be reproduced, andenzalote of the prob-
lem.

In all of these cases, keep the vefd runs of data on-line, and report the bug or error

When analysisreports an errowhether an internal error or a user eribesks you to hit a &y o con-
tinue. After reading the message, hit aykfrom the main kyboard, such as 8EE, RETURN, or
ESCAPE. Theprogram will then return to the current menu, andwaljjou to continue.

If you redirected the standard input to the program, so that it reads its commands from a file, rather than
the terminal, then errors (user and internal) will be handlddrdiftly Instead of printing the message,
reading the next '&ystroke” from the file, and continuing, these errors are fatal; the program will sho

the message, and then terminakéowever, warning messages are not fatal, and the program will simply
continue.

OPTIONS

24

Normally, the only command line option\gin to analysisis the name of the parameter file or run to be
loaded.
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The command,dnalysis -coe corefile', will causeanalysisto start up in the usualay, then search for
the analysis parameters in theegi corefile, a mre dump previously produced layalysis This allovs
you to recoer parameters after a fatal err@nd is usually used only for defyging.

The command,dnalysis -dispmenu will causeanalysisto print a listing of its hierarghof menus, to
the standard output, then quit. In this mode, the graphics terminal is not required.

X WINDOW SUPPORT

NOTES

FILES

When the X Wihdow version of this program is run on an Xintfow terminal, a n& window will be
shavn for displaying program output. Unless the input was redirected from a file, it will be tedm

the keyboard when this winde is the "input focus", i.e. the agg window. When running this ay;, it is
essentially detached from tikx&ermwindow from which you run the command, and it can be run in the
background.

As for most other X Widow programs in this package, the falimg X command line options are
accepted:

—Ccursor num
You can specify ay cursor number (not cursor names) in the Standard Cursor Symbols described
in the X Window System Usex’Guide using the—cursor or —curs option. Thedefault value is 68,
the left pointer symbol. This can also be specified usin@CthBSOR environment \ariable.

—display [hosf:servel.screer
By default, the host, server and screen, which identify your X terminal, are obtained fromrithe en
ronment ‘ariable DISPLAY . Howeve, you can also specify them using thdisplay or —disp
option. Thehostis the name of the machine or terminal, on which the winidoto be ceated,
serveris the server numbeand screenis the screen number (default is 0).

—fn font
You can specify ay fixed-width font to be used for text display using thim or —font option.
The default value i9x15 if the windaw is at least 900 pixels wide initiallyand fixed otherwise.
This can also be specified using ®@RFONT ervironment \ariable.

—geometry geometry
By default, the program will create a wivddhat coers most of the displayHoweve, you can
specify custom winde dimensions and location using thgeometry or —-geomoption. Thefor-
mat of thegeometrystring is described in th¥ Window System Usey’Guide. This can also be
specified using th&EEOMETRY ervironment \ariable.

—iconic
This option will cause the program to start up in an iconified state, which can beatedchiy
double-clicking on the icon.

—-rev This option will cause the program to useerse video in its display wingdo

—title name
This option will change the name st on the windw/’s fitle bar which is usually just the pro-
gram name. It can also bevgn as —-name name

Analysisshould be run from a graphics terminal, or X terminal, in order tw generated graphs. It can
be run from other types of terminals, to plot out graphs, but no graphs will be generated on screen.

*frm the frame file

*.w[0-9][0-9] untriggeredwaveforms
*.prm theanalysis parameter file
*.p[0-9][0-9] wavdorm parameter files

/usr/neuro/bgs/ana*.prm parametessved after internal error
/usr/neuro/bgs/ana*.core s&d core dump
/usr/neuro/lib/analysis.hlp heffle
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* frX, *.X[0-9][0-9] temporary files

SEE ALSO
calibrate(1), cap(1), frmsel(1), peel(1), raster(1), wtsum(1), hardcopy(1), sdump(1)
Analysis Uses Manual (http://www.scrc.umanitoba.ca/doc/scrchelp/analysis.html)
Analysis Help Bges (http://www.scrc.umanitoba.ca/cgi-bin/analysis)
Hierarchy of analysis menus
Setting analysis pameters
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