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1 Intr oduction

Figure1: TypicalECGSignal

The WGM-101 Waveform Generatorcan producean arbi-
trary waveform. Thewaveformconsistsof 2568-bit values.
Thewaveform is outputat the frequency andamplitudeset-
tingsof thegenerator.

As an example, this applicationnote describeshow to
use various software tools and the SyscompWGM-101
WaveformGeneratorto createanECG(ElectroCardioGram)
waveform.

The ECG (ElectroCardioGram),or EKG, as it is some-
timesknown, is anelectricalsignalgeneratedby themuscles
of a humanheart. It is a commonmedicaldiagnosticproce-
dureto recordandanalysethe ECG of a patientto identify
injuriesanddiseasesassociatedwith theheart.

Generatinganarti�cial ECGsignalis usefulin thetesting
anddebuggingof anECGrecordingdevice. For example,the



arti�cial ECGsignalcouldbecontaminatedwith variousnoisesignalsto checktheperformanceof �lters in theECG
recordinginstrument.

In this applicationnote,a drawing programis usedto tracetheimageof theoriginalwaveform.Thentheoriginal
imageis discardedandthe tracedatausedasthewaveform information. This methodhastheadvantagethat it can
copewith any shapeof waveform.However, it is labourintensiveandin�e xible. A changeto thedigitizedwaveform
is likely to requiredrawing theentirewaveform.

An alternateapproachis a waveformgenerator program.Onesuchis availablefor downloadat theWeb site of
reference[1].

2 The ECG Waveform

TheECGwaveformis describedin theexcellentWikipediaentry, reference[2].
A typicalECGsignalis shown in �gure 1 (ref [3]).
Onecycleof theECGwaveformis shown in �gure 2 (ref [4]).

3 Creating the Waveform Data

Figure2: ECG,OneCycle

In general,therearetwo methodsof creatingthe waveform
data.

� Mathematical Model For a simplewaveform - such
asa sinewave - the data�le may be createdusinga
mathematicalformula.

� Graphical Construction In this approach,the wave-
form is built up from straightline andcurvesegments.
A programof this typeis describedin [1].

� Digitization For a complex waveform - suchas the
ECG - a mathematicaldescriptionis not straightfor-
ward. Then the waveform must be converted to a
data�le by digitization. Thewaveform is divided into
256points.Theverticalvalueof thewaveformat each
pointbecomesa datavaluein the�le.

This processis much more labour intensive than a
mathematicalmodel, but it can copewith any shape
of waveform.
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4 Digitization

You will needa drawing programthat canimport a picture,draw lines,andexport the line data. I usedxfig on a
Linux system.Theprogramjfig is anopen-sourcecloneof x�g for Windows computersandseemsto functionin
anidenticalfashionfor thisapplication.Seereference[5].

For thosenot familiarwith xfig , thereis a manualhere:[6]. Thismanualshouldhelpwith jfig aswell.
Youwill alsoneedaspreadsheetprogram.I usedcalc , which is partof Open Office , a freelyavailableof�ce

suitefor Linux andWindows. Excel shouldwork equallywell onWindowssystems.

The basicidea

1. Importanimageof thewaveforminto thedrawing program.

2. Tracethedrawing with 256line segments.

3. Erasetheimage,leaving the256line segments.

4. Save this line drawing. Theformatof anx�g or j�g data�le is coordinatepairs,sotherewill be256coordinate
pairsin the�le.

5. Reformatthis datasothereis onecoordinatepair perline.

6. Import this datainto a spreadsheet.Now you have all thehorizontalX datain onecolumn,theverticalY data
in anothercolumn.

7. Shift andscaletheverticaldatasothatall valuesarebetween0 and255.

8. Save theverticaldata.This is thewaveform�le.

Tracing
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Figure3: TracingMethodIllustrated

Figure3 illustratesthe method. The uppertraceis the original curve which wasimportedasan imageandwill
eventuallybediscarded.Thenext curve is thetracing,offsetslightly for clarity. Points0 through4 have beenmoved
into positionover theoriginal image.Thehorizontalscaleis at thebottom,runningfrom 0 to 255.
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In GreaterDetail

1. Obtaina drawing of the waveform. This could be a freehanddrawing that hasbeenscannedor from some
literaturesource.

2. UsingX�g, setupahorizontalscaleof 256pointsby the'double-double'method.

(a) Createashorthorizontalline, 2 unitslong. Putverticaltick marksat thebeginningandmiddle.

(b) Copy thatline andappendit to theoriginal.

(c) Repeatthepreviousstep6 moretimes,andtheline will be256unitslong.

(d) Putone�nal verticaltick markon theline.

Don't worry if theline is oneor two pointslongeror shorterthan256,we can�x thatlater.

3. Import thewaveformdiagraminto thedrawing programandscaleit until thehorizontalaxisis thesamesizeas
the256point scale.Ensurethat thepositionof thescaleandwaveformarecompletelyon onesideof thezero
axis. (Thisavoidsnegativenumbers,which is a complication.)

4. Thedrawingcanvasin X�g haszeroin theupperleft corner. Positiveunitsaredown thescreen.Flip thedrawing
verticallysothatpositiveon thewaveformcorrespondsto positiveon thedrawing canvas.

5. Tracethewaveformwith 255 line segments(256points). This is very tedious.Try to geteachpoint lined up
correctlywith eachdivisionon thetimescale.

You shouldstartwith onelong line andthendivide it up andmove eachpoint to the right place. (Thereis a
drawing tool thataddsanotherpoint to a line, which canthenbemoved.)Thatis easierthanaddinga new line
segmenteachtimeandresultsin acleanerdata�le.

You cancopy andpasteline segments,but beawarethat thedatawill appearin the �le in theorder in which
it wascreated. This is not a show-stopper, becauseyou canusethe X valuesto order the data,but it does
complicateinterpretationof the�le.

6. Save thecompositedrawing (thewaveformpicture,thescale,andyour tracing)for safety.

7. Deletethe scaleand the pictureso that only the tracing is left. Save this asa �le with differentname,say
'complete.�g'.

8. Usea text editor to examine'complete.�g'. Thereis somepreambleandthenthe line coordinatepairs,256of
themif you did it correctly. Erasethe preamble.Edit the �le so that eachcoordinatepair is on its own line.
Again, this is tedious.Theunix program'sed'cando this automatically, but I didn't bother.

9. Createacopy of this �le with a .csv suf�x. Thesuf�x .csv standsfor commaseparatedvalues. In fact,these
valuesareseparatedby aspace,but that'snot critical.

10. Load this �le into a spreadsheet.The horizontalcoordinatesshouldappearin onecolumn, the vertical in a
secondcolumn.

11. Createa columnthatcontainsthedifferencebetweeneachhorizontalvalue. Every differencevalueshouldbe
thesame,which is agoodcheckthatyourdatapointsareevenlyspaced.

12. Now you canmassagetheverticalvaluesso that theminimumvalueis 0 andthemaximum255. First, create
a new columnthat makesthe minimum value0 by subtracting(or adding)the minimum vertical datavalue.
Thencreateanothercolumnthatscalestheverticaldatasothatthemaximumvalueis 255.Usethespreadsheet
round functionto createintegervalues.
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13. Copy this �nal columnto anotherspreadsheet.Checkthat thereareexactly 256entries.If not, trim the�le or
padthe�le with extravalues.

14. Save thedataasa '.csv' �le. Examinethe�le with a text editor. It shouldconsistof 256datapoints,eachwith
anintegervaluebetween0 and255,eachon its own line. (Technicallyspeaking,eachdatavalueis delimitedby
anewlinecharacter.) This is thewaveformdatafor thegenerator.

15. Youshouldnow beableto loadthis �le into theWGM-101waveformgeneratorandproducethewaveform- at
any frequency between0.1Hzand100kHz.

5 In Operation

Figure4 showstheWGM-101waveformgenerator(right panel)producingtheECGwaveform.which is displayedon
theDSO-101oscilloscopescreen(left panel).

Figure4: ECGIn Operation
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