Cardiac Action Potential Analysis System





1.  Introduction





1.1  System Overview





CAPAS is a system for analysing Cardiac Action Potential (CAP) data.  It expects the data to have been sampled at somewhere between 1 KHz and 5 KHz. 


The script will first ask for a file to be loaded and then ask for a region to be specified for analysis.  The script will look at each CAP and derive the following:





1. Start time.





2. Duration.





3. Rate of diastolic depolarisation.





4. Rate of upstroke.





5. Maximum rate of depolarisation.





6. Peak amplitude.





7. Maximum diastolic depolarisation.





8. Time taken for 30% repolarisation.





9. Time taken for 50% repolarisation.





10. Time taken for 90% repolarisation.
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The results are written to an external text file.  These can then be pasted into other applications.





�The script also has the facility to let you pick the relevant points manually, since on very noisy data, the script may not be able to cope on its own.�
1.2  Getting started





To get the script up and running





1.	Use File Manager to copy capas.s2s and filt.fir from the diskette into c:\spike2\scripts, or equivelent.





2.	Load in Spike2.





3.	Pull down the File menu and click on Open.





4.	There is a small window in the bottom left hand corner of the File Open window entitled List Files of Type, select Script Files (*.S2S).





5.	Double click on the Scripts directory in the Directories window.





6.	Type capas.s2s in the File Name box and click on OK.





7.	Pull down the Scripts menu, click on Run Script and then on capas.s2s.








1.3  When the script starts





When the script starts, you will be asked to specify a data file for analysis.  The program is expecting a waveform sampled at somewhere between 1 KHz and 5 KHz.  The reason for this will be explained later in the How it Works section.





You will then be asked to specify a channel to analyse, after which the screen should look something like this.
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There will be two cursors on the screen labelled Start and End.  Set these cursors to the start and end of the region you wish to analyse and then press Analyse.





(Instructions on how to zoom in and out and scroll the data is given in the Spike2 manual).





























Once Analyse has been pressed, you will be asked to specify a name of a text file for the results to be written to.  You will then have to wait a while for the analysis to be done. ‘Please Wait’ will appear in the text window next to your data while this is in progress.�
2.  The results





2.1  The screen view





�After you have waited a while, the screen should look like this.
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2.2  The Data Window





This window contains the raw data channels and other (temporary) marker channels.  There are 6 marker channels:





Pk/Trgh:		Marks the peaks and troughs of the raw data waveform.  The time axis range is from one trough to the next.





Slopes:		Marks the points of maximum and minimum rates of change of raw data waveform (i.e. the peaks and troughs of the differentiated waveform).





Change:		Marks the changes from one section of the CAP to another (in fact, the peaks of the second derivative of the waveform).





Repole 30:	Marks the point at which the waveform crosses the 30% repolarisation level, 100% repolarisation, being the difference between the Y- value at the peak and the Y-value at the right hand trough of the waveform.





Repole 50:	Marks the point of 50% repolarisation.





Repole 90:	Marks the point of 90% repolarisation.
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2.3  The Toolbar





The toolbar contains five buttons.





Abort:		Aborts the analysis.  The resulting text file will still contain the data which had so far been captured.





Next:		Accepts the results, writes them to the text file and displays the next CAP.





Run:		Puts the script into free run mode, and will not display the toolbar in between analysing each CAP.  It will, however, stop free run mode if it is having trouble recognising the troughs of the data.  (Note, however, that this is no guarantee that just because the free run mode has not stopped that it has correctly found all the relevant points of interest).  The script should only be put into free run mode if you have a very clean signal.





Invalid:		Does NOT write the results to the text file and displays the next CAP.





Doctor:		If the script fails to correctly locate the points of interest in the CAP as can happen with a noisy signal, you can use the Doctor to pick them out manually. This is explained in the Doctor section.








2.4  The Result Window





This contains the data which will be written to the result text file.  





Start Time:	The time of the left hand trough displayed on the screen.





Duration:	The time difference between the left-hand and right-hand troughs on either side of the screen.





Rate of DD:	The rate of change of diastolic depolarisation.





Rate of rise:  	The rate of change of the upstroke.





MaxRate of RP: The maximum rate of change of repolarisation.





Peak amp:	The voltage level at the peak of the displayed section of the waveform.





Max DD:	The voltage level at the right-hand trough of the displayed section of the waveform.





X% Repole:	The voltage difference between Peak amp and Max DD is considered to be 100% repolarisation.  X% Repole is the time elapsed since the peak value until the waveform passes though the X% level during repolaristion.
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2.5  The Result file





When the analysis is over, the results are left in a text file.  If you look at this file it will look a little like this.





File :C:\DIARMID\TEXT.TXT





Datafile :C:\DIARMID\CARD.SMR





Flag	Start Time	Duration	Rate of DD	Rate of Rise  MaxRate of RP	Peak Amp	Max DD     	30% Repole	50% Repole	90% Repole


A	38.382500	0.499950	68.995389	1090.478318	-661.676163	2.028320	-57.493164	0.100330	0.124520	0.168150


A	38.882450	0.545090	55.894035	1041.459672	-664.062500	2.199219	-57.712891	0.103770	0.127370	0.168000


A	39.427540	0.515040	62.227133	1023.087598	-579.279119	1.540039	-58.103516	0.106420	0.130430	0.172510


A	39.942580	0.542340	60.414990	1145.493975	-707.690747	1.588867	-57.493164	0.105500	0.130600	0.173000


A	40.484920	0.501160	66.237276	1088.073786	-623.568198	2.028320	-57.444336	0.095940	0.120090	0.161420


A	40.986080	0.541320	61.269919	1114.655159	-607.371144	1.833008	-57.712891	0.103860	0.127800	0.169660


A	41.527400	0.516650	64.573066	1044.560016	-517.578125	1.662109	-57.737305	0.104750	0.129330	0.170880


A	42.044050	0.539930	60.291504	1121.476294	-679.775611	1.417969	-57.664063	0.111500	0.135960	0.178750


A	42.583980	0.500990	65.511368	1100.438689	-615.995333	2.028320	-57.786133	0.102510	0.125920	0.167340


A	43.084970	0.539560	57.456119	1016.322545	-579.849838	1.662109	-58.127930	0.102830	0.126580	0.167930


A	43.624530	0.518970	61.368310	1117.582530	-668.431332	2.052734	-58.030273	0.104580	0.129280	0.170250


A	44.143500	0.521080	60.714342	1105.116871	-631.902021	1.735352	-57.810547	0.094090	0.119130	0.160860


A	44.664580	0.519930	60.846262	1116.985758	-642.565442	1.540039	-58.127930	0.102080	0.125670	0.167650


A	45.184510	0.541110	58.727072	1039.544851	-611.492999	1.710938	-58.005859	0.102790	0.126530	0.167440


A	45.725620	0.521130	63.824693	1126.372972	-605.912642	1.515625	-58.323242	0.109670	0.133850	0.178370


A	46.246750	0.519260	61.323251	1063.711807	-677.315848	1.662109	-58.323242	0.100170	0.124200	0.166620


A	46.766010	0.519740	59.538847	1122.537525	-650.882578	1.637695	-57.932617	0.097930	0.121990	0.164550


A	47.285750	0.544680	60.801679	1087.760153	-667.423397	2.052734	-58.347656	0.102910	0.126260	0.167810


A	47.830430	0.516320	66.509962	1047.778419	-585.810674	1.808594	-57.859375	0.107370	0.130950	0.172450


A	48.346750	0.542940	62.570920	1178.057271	-710.924817	2.125977	-58.298828	0.106480	0.131750	0.176090


A	48.889690	0.508410	65.785641	1121.713508	-480.130992	5.348633	-59.104492	0.082360	0.111810	0.157810


A	49.398100	0.529600	16.257603	39.932914	-238.927397	18.556641	-59.836914	0.042060	0.095820	0.148470


M	49.897540	0.544210	50.983083	1243.322650	-730.916647	1.295898	-56.992676	0.102520	0.124950	0.165410


M	50.441750	0.522070	67.822674	1175.347840	-588.323837	1.076172	-63.791992	0.115260	0.137100	0.200580


M	50.963820	0.522070	64.942913	1174.769624	-557.925576	1.344727	-63.926270	0.113200	0.136730	0.201710


M	51.485890	0.522070	67.364212	1025.718881	-1086.187148	1.588867	-57.590820	0.103370	0.126470	0.167230


M	52.001590	0.528440	66.128767	944.963199	-625.770970	1.393555	-59.690430	0.103910	0.127900	0.175700


M	52.530030	0.522070	62.322995	1102.382569	-787.748179	1.369141	-58.445313	0.101100	0.127230	0.164530


M	53.052100	0.522070	62.415548	993.814984	-592.912946	1.076172	-56.711914	0.110210	0.132860	0.172130


M	53.574170	0.522070	60.752942	1000.216176	-661.345747	1.540039	-56.638672	0.106090	0.128370	0.167300


A	54.096240	0.557750	53.338526	1084.185800	-618.405032	1.979492	-57.883789	0.105490	0.129050	0.171940


A	54.653990	0.517360	60.137183	1008.122865	-681.120637	1.759766	-58.054688	0.106350	0.129930	0.171600


A	55.171350	0.524570	61.025215	1124.612097	-702.998174	1.466797	-57.615234	0.106820	0.131020	0.173190


A	55.695920	0.517330	60.603839	1120.698750	-740.221692	2.223633	-57.737305	0.102560	0.125000	0.166190


A	56.213250	0.539500	61.399802	1082.520899	-647.828734	1.979492	-57.810547	0.102030	0.125480	0.167640


A	56.752750	0.501700	63.852280	1059.511007	-674.272017	2.125977	-57.688477	0.102880	0.126040	0.166250


A	57.254450	0.539070	57.179339	1029.028024	-609.400365	1.759766	-57.810547	0.103320	0.127170	0.169480





The Flag column on the far left hand side shows whether it was and automatic or a manual acquisition of results (see the Doctor section).  To obtain these results, I put the script in free run mode.  The script did fine until it got to a rather noisy bit of the data and then it went into non free run mode.  The free run mode stopped where the first M is in the flag column and I had to do the next few CAPs manually (hence the M’s).  It should be noted that though the free run mode stopped at that point, the results for the CAP before it stopped are a bit peculiar and it looks likely that there was enough noise to upset the results, but not enough for the script to notice that something unusual was afoot, so it would be worth perhaps going back and checking the CAP at that position.





The units for each column are the same units as appeared in the result view when the data was analysed.�
3.  The Doctor





On very noisy data the script may fail to correctly pick out the points of interest of the CAP.  The Doctor enables the user to input the points manually.  You can see if the script has failed to pick out the points because of the position of markers in the marker channels.  It is sometimes helpful to use a cursor for this. if you click on the data window and then pull down the cursors menu and click on new cursor, you will have one at your disposal .
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In this screen shot, the script has failed to pick out the correct troughs and is displaying the region between what it thinks are the two troughs of the CAP.  If this sort of thing occurs, you can press Invalid, this will simply not write the results to the text file, or you can press Doctor.


























When Doctor is pressed, the screen will look something like this.  As well as the raw data channel and the 6 marker channels, there is also now displayed  the dt/dv channel.  This is the differentiated channel.  this is useful for pinpointing the positions of maximum and minimum rates of change.  





The script now ignores all the information in the marker channels relating to the CAP in question and will make a guess at where the start and the ends of the CAP are. 





Step 1.	You are prompted to move the cursors manually to the troughs of the CAP at either side of the NOW cursor.  The NOW cursor is on the CAP that is being analysed, so the Start and End should be on opposing sides of it.
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You will notice that the markers in the marker channels are all over the place and bare very little resemblance to the events they should be marking.  When the two cursors are correctly positioned, press OK in the toolbar.  When this has been done, the screen will redraw and wipe the markers from the marker channels between the Start and End cursors.

















Step 2.	You will be asked to move a cursor to the peak of the raw data waveform.  This point, together with the average voltage of the Start and End cursors  is used as a reference point to determine what 100% repolarisation is.





Step 3.	You will be asked to place the Start cursor at the start of the diastolic depolarisation slope.  The other cursor will stay a fixed distance from the start cursor and the returned value will be the gradient of the best fit line through the points between these two cursors.





Step 4.	You will have to position the Start and End cursor at the start and end of the upstroke slope.  Again, the returned value will be the gradient of the best fit line through these points.





Step 5.	You will position one cursor at the point of maximum repolarisation.  This can be found by looking at the dv/dt channel, and positioning the cursor at the peak position.  The returned value will be the gradient of the best fit line through the 20 data points surrounding this cursor.





Step 6.	You must position the cursor at the 30, 50 and 90 percent repolarisation times.  A horizontal cursor will appear at the appropriate level and a vertical cursor will appear at an intersection of the waveform with this cursor.





	The toolbar will display two buttons Twist and Stick.  If you press Twist, the vertical cursor will move to the next point of intersection of the waveform and the horizontal cursor which is contained within that CAP.  Continue pressing Twist until the required intersection is located and then press Stick.





Step 7.	Finally, the results will be displayed in the result window and the toolbar will have two buttons, Doctor and Next.  Pressing Doctor will let you redo the doctoring that you have just done and Next will write the results to the text file and display the next CAP.








If a set of results has been obtained manually, an M is placed in the resulting data file next to that entry. (see the Result file section).
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4.  Appendix





4.1  How it works





Here is a description of what the program actually does to find the points of interest.





Firstly it creates 6 memory marker channels and 3 memory waveform channels.  


It makes a copy of the raw data and puts it in the first waveform channel.


It then filters it, using an FIR filter which is a differentiator combined with a low pass filter.  The low pass filter is necessary because when the waveform is differentiated, the amplitude of any (high frequency) noise is proportional to its frequency, so without the filter, the differentiated waveform becomes extremely noisy.  The actual cut off frequency of the filter is dependent upon the sampling frequency of the data.  If the sampling frequency is doubled, then the cut off frequency is also doubled.  It is therefore necessary that the sampling frequency is at least in the approximate rang of 1 KHz to 5 KHz.  





The resulting waveform does not have the correct scaling as it would be if it was properly differentiated, but it is not used to extract values, only the positions of maxima and minima so this is not important. This differentiated waveform is placed in the dv/dt channel.





The differentiated waveform is then differentiated again, using the method described above.  This waveform is placed into the d2v/dt2 channel.





A marker is then placed in the marker channel labelled Pk/Trgh wherever the raw data has a maxima or minima.  (The markers are different for maxima than for minima, but on the screen they both show as identical lines).





The marker channel Slopes is then filled with markers at every point that dv/dt has a maxima or minima.





Then a marker is placed in Change at ever point that d2v/dt2 has a maximum.





Once these marks are in place, the script starts examining individual CAPs.  It searches for the first trough marker in the Pk/Trgh channel and displays the data from that point through to the next trough.  a variable is created called xScale, which is the time from the left-hand trough to the right-hand trough.





It finds the peak which should be between these two troughs and finds the voltages at the right-hand trough and the peak.  It uses this difference to calculate the voltages of 30, 50 and 90 percent repolarisation.





To find the diastolic depolarisation slope, it takes the point which is halfway between the left-hand trough and the peak and then takes two points of 0.1*xScale distance on either side of them.  A line of best fit is then applied to the data between these two points and the gradient of this is the returned value.





To find the rate of rise of the upstroke, the script finds the first marker after the left-hand trough on the Slopes channel, this is the point of maximum rise.  It then looks to the left of this point on the Change marker channel, this will have a marker where it considers the upstroke to have started. It calls the distance between these two points 2*bt.  It takes the two points which are a distance of bt away from the time of maximum rise and calculate a best fit line between them, the gradient of this is then returned.





To find the maximum rate of depolarisation, the script looks for a marker on the Slopes channel which is after the main peak of the CAP.  It takes the two points which are 10 data points on either side of this and creates a best fit line, the gradient of which is the returned value.





Finally, it calculates the points where the waveform crosses the 30, 50 and 90 percent repolarisation levels and puts markers in the Repole 30, Repole 50 and Repole 90 marker channels respectively at these points.  The times which it gives are the first markers in each of the three channels after the main peak of the CAP.�
4.2  The Script





The script as listed here has comments in, the one on the disk does not.





'This program takes CAP data and extracts various bits of data from it.


'to run it needs a file called filt.fir to be in the c:\spike2\scripts


'Written by Diarmid Campbell   08/96 for Gary Clark





const intval%:=167;				'value to be put into interact and toolbar fuinctions


var data%;					'handle for data window	


var sTm;					'start time of analysis


var eTm;					'end time of analysis


var size%;					'


var dtch%;					'channel for raw data


var mmch%[3];				'wave form memory channels


var mkch%[6];				'marker memory channels


var txt%;					'handle for text window


var r%;					'a return variable


var man%:=1;				'=0 if in free run mode =1 if in manual mode


var windiv%:=60;				'position to divide screen for two windows


var now;					'position of NOW cursor in doctor


var dAy[10];					'Doctored results


var xScale;					'size of one duration


var arrSize%;				'filter arrqaysize


var arrval%;					'filter array value to offset thingy for loads of stuff


var filtArr[1000];				


var filttext$:="c:\\spike2\\scripts\\filt.fir";	'CHANGE IF FILT.FIR IS NOT IN THIS DIRECTORY





View (app(0)).WindowVisible (3);			'maximise spike2 


View (app(1)).WindowVisible (0);			'hide toolbar


View (app(2)).WindowVisible (0);			'hide status bar


View (app(3)).WindowVisible (0);			'hide script


FileClose(-1,0);				'closes all open files


ArrSetup(filtArr[]);				'loads FIR coefficients into array


repeat 		


r%:=Load%(); 				'loads in data file


if r%>0 then r%:=2*Box%()-1 endif; 			'channel select box


if r%>0 then r%:=Curse%() endif;			'set cursor position


FileClose(-1,-1);				'Close all files no questions asked


r%:=1-Query("Do you wish to analyse another file?");	


until r%>0;


Halt;					


func Idle%()					'makes sure that start cursor is not after end cursor


if Cursor(1)<>sTm then


    CursorLabel(4,1,"Start");


    sTm:=Cursor(1);


endif;


if Cursor(2)<>eTm then


    CursorLabel(4,2,"End");


    eTm:=Cursor(2);


endif;





if Cursor(1)>Cursor(2) then 


  CursorRenumber();


  CursorLabelPos(1,15);


  CursorLabelPos(2,20);


endif


return 1


end;





func Back%()


return -100


end;





func Go%()


return -69


end;





func Curse%()				'sets stm and etm cursors


var ret%;


CursorSet(2);


CursorLabel(4,1,"Start");


CursorLabel(4,2,"End");


CursorLabelPos(1,15);


CursorLabelPos(2,20);


ToolbarClear();


ToolbarSet(0,"",Idle%);


ToolbarSet(1,"Analyse",Anal%);


ToolbarSet(2,"Abort",Back%);


ret%:=Toolbar("Press Analyse when cursors are positioned",intval%);


return ret%+70;


end; 
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func Box%();				'channel selct box


var ret%;


DlgCreate("Channel");


DlgChan(1,"Channel for analysis",1);


ret%:=DlgShow(dtch%);


return ret%


end;





func DIdle1%()				'Doctor idle one


if Cursor(3)<>now then Cursor(3,now) endif;


if Cursor(1)>now-0.01 then Cursor(1,now-0.01) endif;


if Cursor(2)<now+0.01 then Cursor(2,now+0.01) endif;


return 1


end;





func DIdle2%()				'doctor idle two


if Cursor(1)<dAy[0] then Cursor(1,dAy[0]) endif;


if Cursor(1)>dAy[0]+dAy[1] then Cursor(1,dAy[0]+dAy[1]) endif;


return 1


end;





func DIdle3%()				'doctor idle 3


if Cursor(1)<dAy[0] then Cursor(1,dAy[0]) endif;


if Cursor(1)>dAy[0]+dAy[1] then Cursor(1,dAy[0]+dAy[1]) endif;


if Cursor(2)<dAy[0] then Cursor(2,dAy[0]) endif;


if Cursor(2)>dAy[0]+dAy[1] then Cursor(2,dAy[0]+dAy[1]) endif;





if cursor(2)<>cursor(1)+xScale*0.2 then cursor(2,Cursor(1)+xScale*0.2) endif;


return 1


end;





func DIdle4%()				'Doct..etc 4


if Cursor(1)>Cursor(2) then 


  CursorRenumber();


  CursorLabelPos(1,15);


  CursorLabelPos(2,20);


  CursorLabel(4,1,"Start");


  CursorLabel(4,2,"End");


endif


return 1


end;





func next%()


return -1


end;





func doctor%(nowTime,lastValeTm,lastValDur);		'does the doctor stuff


var ct%;					'counter


var locST;					'local start time


var locET;					'local end time


var ret%;					'for return values


var code%[4];				'for marker codes


var c;					'c from y=Mx+C


var corr;					'cross correlation


var v3;					'value for 30% repole in volts


var v5;					'    "      "   50%    "   "


var v9;					'   "        "   90%  "     "


var aL;					'Lo amplitude


var aH;					'Hi amplitude	


var time;					'


var time2;					'


var hc1%;					'


var hc2%;					'


var hc3%;					'	


var n%;					'


view(txt%).EditSelectAll();			'Select all


view(txt%).EditClear();				' Clear the text window


ChanShow(mmch%[1]);				'shows the dv/dt channel


optimise(-1);


ct%:=0;


repeat


  locST:=lastValeTm+ct%*lastValDur-lastValDur/2;	'puts start and end  outside the present CAP


  locET:=lastValeTm+(ct%+1)*lastValDur+lastValDur/2;


  CursorSet(2,locST,locET);


  ct%:=ct%+1;


until (locST-nowTime)*(locET-nowTime)<0;


ct%:=ct%-1;


now:=(locST+locET)/2;


Xrange(locST,locET);


optimise(-1);
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CursorSet(3,lastValeTm+ct%*lastValDur,LastValeTm+(ct%+1)*lastValDur,now);	'sets locStart time and loc endtime


CursorLabel(4,1,"Start");


CursorLabel(4,2,"End");


CursorLabel(4,3,"NOW");


CursorLabelPos(1,14);


CursorLabelPos(2,20);


CursorLabelPos(3,17);


View(txt%).Print("Set Start and End cursors\nto start and end of CAP.\n");


View(txt%).Print("(at troughs) at opposite\nsides of the NOW cursor");


ToolbarClear();


ToolbarSet(0,"",DIdle1%);


ToolbarSet(1,"OK",next%);


ret%:=Toolbar("Press OK when cursors are positioned",intval%);


locST:=Cursor(1);


locET:=Cursor(2);


xScale:=locET-locST;


dAy[2]:=locST;


repeat dAy[2]:=NextTime(mkch%[0],dAy[2],code%[]) until code%[0]=02 or dAy[2]<0;	'deletes unwanted cursors


for n%:=0 to 5 do


  MemDeleteTime(mkch%[n%],3,locST-0.1*xScale,locET+0.1*xScale)


next;


code%[0]:=03;


MemSetItem(mkch%[0],0,locST,code%[]);


MemSetItem(mkch%[0],0,locET,code%[]);


dAy[0]:=locST;


dAy[1]:=locET-locST;





Xrange(locST,locET);						'peak amplitude set


CursorSet(1,dAy[2]);


CursorLabel(4,1,"Peak");


view(txt%).EditSelectAll();


view(txt%).EditClear();


View(txt%).Print("Set cursor to peak amplitude");


ToolbarClear();


ToolbarSet(0,"",DIdle2%);


ToolbarSet(1,"OK",next%);


ret%:=Toolbar("Press OK when cursor is positioned",intval%);


time:=Cursor(1);


aL:=(ChanValue(dtch%,dAy[0])+ChanValue(dtch%,dAy[0]+dAy[1]))/2;


aH:=ChanValue(dtch%,time);


dAy[5]:=aH;


dAy[6]:=aL;


code%[0]:=02;


MemSetItem(mkch%[0],0,time,code%[]);





time2:=locST+(time-locST)/2;					'slope 1 set


CursorSet(2,time2-xScale*0.1,time2+xScale*0.1);


CursorLabel(4,1,"Start");


CursorLabel(4,2,"");


view(txt%).EditSelectAll();


view(txt%).EditClear();


View(txt%).Print("Set Start cursor at start of\n");


View(txt%).Print("diastolic depolerisation slope");


ToolbarClear();


ToolbarSet(0,"",DIdle3%);


ToolbarSet(1,"OK",next%);


ret%:=Toolbar("Press OK when cursors are positioned",intval%);


FitLine(dtch%,Cursor(1),cursor(2),dAy[2],c,corr);





CursorSet(2,time-xScale*0.1,time-xScale*0.05);				'Slope 2 set


CursorLabel(4,1,"Start");


CursorLabel(4,2,"End");


CursorLabelPos(1,15);


CursorLabelPos(2,20);


view(txt%).EditSelectAll();


view(txt%).EditClear();


View(txt%).Print("Set cursors at start\nand end of upstroke");


ToolbarClear();


ToolbarSet(0,"",DIdle4%);


ToolbarSet(1,"OK",next%);


ret%:=Toolbar("Press OK when cursors are positioned",intval%);


FitLine(dtch%,Cursor(1),cursor(2),dAy[3],c,corr);


code%[0]:=03;


MemSetItem(mkch%[1],0,(Cursor(1)+Cursor(2))/2,code%[]);
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CursorSet(1,time+0.3*xScale);					'Slope 3 set


CursorLabel(4,1,"Max Repole");


view(txt%).EditSelectAll();


view(txt%).EditClear();


View(txt%).Print("Set cursor at time\nof max repolerization");


ToolbarClear();


ToolbarSet(0,"",DIdle2%);


ToolbarSet(1,"OK",next%);


ret%:=Toolbar("Press OK when cursor is positioned",intval%);


FitLine(dtch%,Cursor(1)-10*Binsize(mmch%[0]),cursor(1)+10*Binsize(mmch%[0]),dAy[4],c,corr);


code%[0]:=02;


MemSetItem(mkch%[1],0,Cursor(1),code%[]);





v3:=aL+7*(aH-aL)/10;						'set 30%,50%,90% values


v5:=aL+(aH-aL)/2;


v9:=aL+(aH-aL)/10;








MemImport(mkch%[3],dtch%,time,locET,3,0,v3);				'put the markers in


MemImport(mkch%[4],dtch%,time,locET,3,0,v5);


MemImport(mkch%[5],dtch%,time,locET,3,0,v9);





code%[0]:=05;


view(txt%).EditSelectAll();


view(txt%).EditClear();


View(txt%).Print("Set cursors at 30%c,50%c and 90%c\n",37,37,37);


View(txt%).Print("repolerisation respectivly");





hc1%:=HCursorNew(dtch%,v3);


HCursorLabel(4,hc1%,print$("30%c Repole",37));


repolecurs%(7,locST,locET,time,Print$("30%c Repole",37),code%[]);


HCursorDelete();





hc1%:=HCursorNew(dtch%,v5);


HCursorLabel(4,hc1%,print$("50%c Repole",37));


repolecurs%(8,locST,locET,time,Print$("50%c Repole",37),code%[]);


HCursorDelete();





hc1%:=HCursorNew(dtch%,v9);


HCursorLabel(4,hc1%,print$("90%c Repole",37));


repolecurs%(9,locST,locET,time,Print$("90%c Repole",37),code%[]);


HCursorDelete();





CursorSet(0);


ChanHide(mmch%[1]);


end;





func repolecurs%(n%,locST,locET,time,text$,code%[]);			'procedure for doing th x% cursors


var ret%;


dAy[n%]:=locST;


CursorSet(1,dAy[n%]);


CursorLabel(4,1,text$);


repeat


  dAy[n%]:=NextTime(mkch%[n%-4],dAy[n%]);


  if dAy[n%]>locET or dAy[n%]<0 then 


    dAy[n%]:=locST;


    dAy[n%]:=NextTime(mkch%[n%-4],dAy[n%]);


  endif


  Cursor(1,dAy[n%]);


  ret%:=Interact("",intval%,0,"Twist","Stick");


until ret%=2;


MemDeleteTime(mkch%[n%-4],3,time,locET);


memSetItem(mkch%[n%-4],0,dAy[n%],code%[]);


ToolbarText("");


dAy[n%]:=dAy[n%]-time;


end;
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func Anal%();


var arr[10000];				'array to put data in


var time;					'a temporary time holder


var code%[4];				'for marker codes		


var locST;					'local start time


var locET;					'local end time


var slope1;					'DD slope


var slope2;					'upstroke slope


var slope3;					'max rate of repolerisation slope


var c;					'C in y=Mx+C


var corr;					'Correlation


var aH;					'peak amplitude


var aL;					'trough amplitude


var val;					'100% repole /10


var v3;					'value of 30% repole


var v5;					'Val of 50%


var v9;					'val 90%


var time3;					'time of 30% repole


var time5;					' time of 50%


var time9;					'tim 90%


var hiTime;					'Time of peak


var txtFile%;				'handle for results file


var ret%;					'a variable for returning things


var lastValeTm;				'last valid End time


var lastValDur:=0.5;				'last valid duration (both these used for doctor finding nect CAP)


var bt;					'a bit of time to do BFL of upstroke slope


var flag%;					'


var units$;					'units of raw data


var err%;					'error in finding troughsd


txt%:=FileNew(1,1);				


view(txt%).Window(windiv%,0,100,100);


view(txt%).FrontView();


txtFile%:=FileOpen("",8,1,"Enter filename of text file for results");


View (app(3)).WindowVisible (0);	


if txtFile%>0 then


  Print("File :%s\n\n",FileName$());


  ToolbarText("Please wait");


  ToolbarClear();


  View(txt%).Print("Please wait");


  view(data%);





  Setup();							'create memory channels and that


  Filter(mmch%[0],mmch%[1],mmch%[2]);				'does differentiation and filters


  PTMark();							'puts markers in marker channels


  locST:=sTm;


  repeat locST:=NextTime(mkch%[0],locST,code%[]) until code%[0]=3;		'find next trough after sTm


  locET:=locST;


  view(txtFile%).Print("Flag\tStart Time\tDuration\t\Rate of DD\tRate of Rise\tMaxRate of RP\tPeak Amp\tMax DD     \t30%c Repole\t50%c 			Repole\t90%c Repole\n",37,37,37);


  repeat;


    repeat locET:=NextTime(mkch%[0],locET,code%[]) until code%[0]=3 or locET<0;	'find next trough after that


    if locET>=0 then 


      Xrange(locST,locET);					'draw the one CAP on whole screen


      xScale:=(locET-locST);					'xScale is duration


      time:=NextTime(mkch%[1],locST);				'time of max upstroke slope


      bt:=(time-LastTime(mkch%[2],time))/2;				'time in between time and change from DD to upstroke/2


      FitLine(dtch%,time-bt,time+bt,slope2,c,corr);				'does slope2





      time:=locST+(time-locST)/2;


      FitLine(dtch%,time-0.1*xScale,time+0.1*xScale,slope1,c,corr);		'does slope2





      time:=NextTime(mkch%[0],locST);				'time for peak


      aH:=ChanValue(dtch%,time);					'val for peak	


      hiTime:=time;





      time:=NextTime(mkch%[1],time);					'does slope3	


      FitLine(dtch%,time-10*Binsize(mmch%[0]),time+10*Binsize(mmch%[0]),slope3,c,corr);





      time:=NextTime(mkch%[0],time);					'does Amp of trough time


      aL:=ChanValue(dtch%,time);					'	"	value





      val:=(aH-aL)/10;


      v3:=aL+val*7;


      v5:=aL+val*5;


      v9:=aL+val;


      MemImport(mkch%[3],dtch%,hiTime,locET,3,0.2*xScale,v3);


      MemImport(mkch%[4],dtch%,hiTime,locET,3,0.2*xScale,v5);


      MemImport(mkch%[5],dtch%,hiTime,locET,3,0.2*xScale,v9);


      time3:=NextTime(mkch%[3],hiTime);


      time5:=NextTime(mkch%[4],hiTime);


      time9:=NextTime(mkch%[5],hiTime);


      View(txt%).EditSelectAll();


      View(txt%).EditClear();


      units$:=ChanUnits$(dtch%);				'prints to text window on screen


      View(txt%).Print("Start time\t%.2f\tsec\nDuration\t%.2f\tsec\nRate of DD\t%.2f\t%s/s\nRate of rise\t%.2f\t%s/s\n",locST,locET-locST,slope1,units$,slope2,units$);


      View(txt%).Print("MaxRate of RP\t%.2f\t%s/s\nPeak amp\t%.2f\t%s\nMax DD     \t%.2f\t%S\n",slope3,units$,aH,units$,aL,units$);


      View(txt%).Print("30%c Repole\t%.2f\tsec\n50%c Repole\t%.2f\tsec\n90%c Repole\t%.2f\tsec\n",37,time3-hitime,37,time5-hitime,37,time9-hitime);


      err%:=0;


      if man%=0 and Pow(locET-locST-lastValDur,2)>Pow(lastValDur/5,2) then 	'checks for errors


        man%:=1;						'puts it into manual mode


        err%:=1


      endif;


      if man%=1 then 


        repeat


          if err%=0 then ret%:=Interact("Press Next",intval%,0,"Abort","Next","Run","Invalid","Doctor")		'toolbar set


          else ret%:=Interact("Unable to locate CAP",intval%,0,"Abort","Next","Run","Invalid","Doctor") endif;


          ToolbarText("");	


          if ret%=1 then flag%:=Query("Are you sure you wish to abort?") endif;


        until ret%<>1 or flag%=1;


        if ret%=3 then man%:=0 endif;


        if ret%=5 then 							'doctor


          repeat


            Doctor%(locST,lastValeTm,lasrValDur); 					'does the doctor


            View(txt%).EditSelectAll();						'puts the new values into text window


            View(txt%).EditClear();


            View(txt%).Print("Start time\t%.2f\tsec\nDuration\t%.2f\tsec\nRate of DD\t%.2f\t%s/s\nRate of rise\t%.2f\t%s/s\n",dAy[0],dAy[1],dAy[2],units$,dAy[3],units$);


            View(txt%).Print("MaxRate of RP\t%.2f\t%s/s\nPeak amp\t%.2f\t%s\nMax DD     \t%.2f\t%S\n",dAy[4],units$,dAy[5],units$,dAy[6],units$);


            View(txt%).Print("30%c Repole\t%.2f\tsec\n50%c Repole\t%.2f\tsec\n90%c Repole\t%.2f\tsec\n",37,dAy[7],37,dAy[8],37,dAy[9]);


          until Interact("Press Next",intval%,0,"Next","Doctor")=1;


          locET:=dAy[0]+dAy[1];


        endif


      endif;


      if ret%<4 or man%=0 then view(txtFile%).Print("A\t%f\t%f\t%f\t%f\t%f\t%f\t%f\t%f\t%f\t%f\n",locST,locET-locST,slope1,slope2,slope3,aH,aL,time3-hitime,time5-hitime,time9-hitime) endif;


      if ret%>4 then view(txtFile%).Print("M\t%f\t%f\t%f\t%f\t%f\t%f\t%f\t%f\t%f\t%f\n",dAy[0],dAy[1],dAy[2],dAy[3],dAy[4],dAy[5],dAy[6],dAy[7],dAy[8],dAy[9]) endif;


      if ret%<>4 then 


        lastValeTm:=locET;


        lastValDur:=lastValDur*0.9+(locET-locST)*0.1;


      endif;


      locST:=locET;


    endif;


  until locET<0 or locET>eTm or ret%=1;


  View(txtFile%).FileClose();


endif;


return 0;


end;





func Quit%()  


FileClose(-1);


return 0;


end;





func Load%() 					'loads file


var list%[100];					'list of waveform channels


data%:=FileOpen("",0,0,"Please select data file for analysis");


ChanList(list%[],1);


if list%[0]=0 then 					'if no wavwform channels


  Message("Invalid file!");


  data%:=-1


endif;


if data%>=0 then 					'draws it all


  View (app(3)).WindowVisible (0);


  view(data%);


  window(0,0,windiv%,95);


  sTm:=0;


  eTm:=Maxtime();


  XRange(0,MaxTime());


  optimise(-1);


  draw(0,MaxTime());


  FrontView(data%)


endif;


return data%


end;
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func GetYSize(dChan%,stim,etim)				'gets the max Y size of the file (not including iregularities


						'for use with peak and trough finding


var locST;						'local start time


var locET;						'local endtime


var locMin;						'minimum value in an epochlet


var locMax;						'maximum value in an epochlet


var Arr[10][2];					'array to store all max and min values


var inc;						'


var n%;						'counter variable


inc:=(eTim-sTim)/10;


for n%:=0 to 9 do					'spilts the epoch up into 10 bands and puts 10 max's and min's in arr


  locST:=stim+inc*n%;


  locET:=stim+inc*(n%+1);


  Minmax(dChan%,locST,locET,Arr[n%][0],Arr[n%][1]);


next;


Arr[Min(Arr[:10][0])][0]:=0;				'sets highest value to zero (iregularity)


Arr[Max(Arr[:10][1])][1]:=0;





locMin:=ArrSum(Arr[:10][0])/9;				'avarages the remaining 9 results


locMax:=ArrSum(Arr[:10][1])/9;


return locMax-locMin;					'returns the size


end;





proc ArrSetup(arr[]);					'sets up array with coeficients of filter


var ret%;


var ct%;


ret%:=FileOpen(filttext$,8); 


Read(arrsize%);


for ct%:=0 to arrsize%-1 do


  Read(arr[ct%]);


  printlog("Arr[%d]=%f\n",ct%,arr[ct%]);


next;


if ret%<0 then


  message("filt.fir not found in specified path\n"+


 	"please change script for correct path");


  halt						''whooaa there, hold yer hosses


endif;


FileClose();


arrval%:=(arrSize%+1)/2


end;;





proc Filter(fromChan%,toChan1%,toChan2%);			'does the actual filtering and differentiating


var datArr%[100000];					' array for data to be stored


var n%;						'counter


var m%;						'another counter


var pts%;						'number of points from chandata


var av%;						'


var locST;						'local start time


var locET;						'local end time


if sTm<arrval%*Binsize(fromChan%) then sTm:=arrval%*Binsize(fromChan%) endif;


n%:=0;


repeat;						'do it in blocks of 10 seconds


locST:=sTm+n%*10;


locET:=sTm+(n%+1)*10;


if locET>eTm then locET:=eTm endif;


pts%:=ChanData(fromChan%,datArr%[],locST-arrval%*Binsize(fromChan%),locET+arrval%*Binsize(fromChan%));


ArrFilt(datArr%[:pts%],filtArr[:arrsize%]);			'diff once


ArrMul(datArr%[:pts%],500);	


MemSetItem(toChan1%,0,locST,datArr%[arrval%:pts%-2*arrval%]);


ArrFilt(datArr%[:pts%],filtArr[:arrsize%]);			'diff twice


ArrMul(datArr%[:pts%],500);


MemSetItem(toChan2%,0,locST,datArr%[arrval%:pts%-2*arrval%]);





n%:=n%+1


until locET=eTm;


end;





proc PTMark()					'place markers in marker channels


var rise;						'amount wave must fall or rise befor next marker


var locST;


var locET;


var code%[4];


rise:=GetYSize(dtch%,sTm,eTm)/4;


MemImport(mkch%[0],dtch%,sTm,eTm,0,0,rise);			'does main paeks and troughs


MemImport(mkch%[0],dtch%,sTm,eTm,1,0,rise);			


rise:=GetYSize(mmch%[1],sTm,eTm)/5;


MemImport(mkch%[1],mmch%[1],sTm,eTm,0,0,rise);		'does peaks and troughs of dv/dt


MemImport(mkch%[1],mmch%[1],sTm,eTm,1,0,rise);


rise:=GetYSize(mmch%[2],sTm,eTm)/5;


MemImport(mkch%[2],mmch%[2],sTm,eTm,0,0,rise);		'does peaks of d2v/dt2


end;
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proc Setup()


var arr%[3000];


var locST;


var pts%;


var n%;


for n%:=0 to 5 do


  mkch%[n%]:=MemChan()


next;


ChanTitle$(mkch%[0],"Pk/Trgh");


ChanTitle$(mkch%[1],"Slopes");


ChanTitle$(mkch%[2],"Change");


ChanTitle$(mkch%[3],Print$("Repole 30%c",37));


ChanTitle$(mkch%[4],Print$("Repole 50%c",37));


ChanTitle$(mkch%[5],Print$("Repole 90%c",37));





for n%:=0 to 2 do


  mmch%[n%]:=MemChan(1,0,Binsize(dtch%));


  ChanScale(mmch%[n%],ChanScale(dtch%));


  ChanOffset(mmch%[n%],ChanOffset(dtch%));


next;


ChanTitle$(mmch%[0],"copy data");


ChanTitle$(mmch%[1],"dv/dt");


ChanTitle$(mmch%[2],"d2v/dt2");





MemImport(mmch%[0],dtch%,sTm-arrval%*Binsize(mmch%[0]),eTm+arrval%*Binsize(mmch%[0]));


DrawMode(-1,2);


ChanHide(-1);


ChanShow(dtch%);


ChanShow(mkch%[0]);


ChanShow(mkch%[1]);


ChanShow(mkch%[2]);


ChanShow(mkch%[3]);


ChanShow(mkch%[4]);


ChanShow(mkch%[5]);


DrawAll();


end;
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The Toolbar. 


Displays the buttons for deciding what to do with the results





The Data Window.


Displays the raw waveform and derived marker channels





The Result Window.


Displays the results which will be written to the text file when Next is pressed.











