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Thissoftwareis Copyright c
�

2002by TheRegentsof theUniversityof California.All RightsReserved.

Permissionto use,copy, modify, anddistributethissoftwareandits documentationfor educational,researchandnon-
profit purposes,without fee, andwithout a written agreementis herebygranted,provided that the above copyright
notice,this paragraphandthefollowing threeparagraphsappearin all copies.

Permissionfor commercialuseor to incorporatethis softwareinto commercialproductsmaybeobtainedby contact-
ing theTechnologyTransferOffice,9500GilmanDrive,411UniversityCenter, Universityof California,La Jolla,CA
92093-0093,(858)534-5815,invent@ucsd.edu.

This softwareprogramanddocumentationarecopyrightedby TheRegentsof theUniversityof California. Thesoft-
wareprogramanddocumentationaresupplied“as is”, without any accompanying servicesfrom The Regents.The
Regentsdoesnot warrantthat the operationof theprogramwill beuninterruptedor error-free. Theend-userunder-
standsthattheprogramwasdevelopedfor researchpurposesandis advisednot to rely exclusively on theprogramfor
any reason.

IN NO EVENT SHALL THE UNIVERSITY OFCALIFORNIA BE LIABLE TO ANY PARTY FORDIRECT, INDI-
RECT, SPECIAL,INCIDENTAL, OR CONSEQUENTIAL DAMAGES,INCLUDING LOST PROFITS,ARISING
OUT OFTHE USEOFTHIS SOFTWARE AND ITS DOCUMENTATION, EVEN IF THE UNIVERSITY OFCALI-
FORNIA HAS BEENADVISED OFTHE POSSIBILITYOFSUCHDAMAGE.THE UNIVERSITY OFCALIFOR-
NIA SPECIFICALLY DISCLAIMS ANY WARRANTIES,INCLUDING, BUT NOT LIMITED TO, THE IMPLIED
WARRANTIES OF MERCHANTABILITY AND FITNESSFORA PARTICULAR PURPOSE.THE SOFTWARE
PROVIDED HEREUNDERIS ON AN “AS IS” BASIS, AND THE UNIVERSITY OF CALIFORNIA HAS NO
OBLIGATIONS TO PROVIDE MAINTENANCE, SUPPORT, UPDATES, ENHANCEMENTS,OR MODIFICA-
TIONS.

This software was developedwith governmentsupportunderOffice of Naval ResearchAward
Number:N000140110403.Thegovernmenthascertainrightsin this software.

Developmentof this softwarewasalsosupportedunderagrantfrom theG. UngerVetlesenFoun-
dation.
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1 GeneralOverview

Analog seismicdatahave beenrecordedon numerouspen and paperdrum-typeseismographs
throughouttheworld overthepast100yearsor so.Digitizing scannedimagesof resultingseismo-
gramsusingtheavailableversionof digitizing software(NxScan V. 8.0) wasextremelyproblematic
becauseNxScan waswritten for SunMicrosystemworkstationsduringthe1980’sandusestheob-
solete,unsupported“pixrect ” primitivegraphicslibrary writtenfor the1980’sSunarchitectureand
operatingsystem.Additionally, NxScan wasnotdesignedfor theefficientdigitizationof day-long
seismogramsfor climatologicalstudies(e.g. Bromirski et al. [1]). After considerableeffort was
spentattemptingto improve andstabilizeNxScan, incompatibilitiesof pixrect with currentSun
architecturescontinuedto causerepeatedcrashes,makingtheefficient digitizationof month-long
time seriesimpossible.Thus,SeisDig wasdevelopedusingMatlab,which makesSeisDig essen-
tially computerandoperatingsystemindependent.Thehopeis thatSeisDig canberelativelyeasily
maintainedasMatlabandcomputersystemsevolve.

Examplesandillustrationsin thismanualweremadefrom Galitzinseismogramsfrom theBerkeley
SeismologicalLaboratory(BSL) archivesthatwereelectronically“scanned” at400dpi (dots/inch)
usinganIDEAL FSS8000full lengthscannerandstoredas“tif ” files. Eachscannedseismogram
imageconsistsof aseriesof quasi-parallelsequential30-minuteor 60-minutetracesthatgenerally
cover abouta day, with two partial tracesat the beginning andendof eachimage. One-minute
timing marksusuallycausesmall gapsat the endof eachminute. In additionto high amplitude
earthquake signals,thearrival of highamplitudestormwavesat nearbyshorelines(Bromirski and
Duennebier [2]) causeselevatednoiselevelscalled“microseisms”, bothtypesof signalsresulting
in theoccurrenceof adjacenttraceintersections,overlaps,andreducedline thicknessthatcompli-
catedigitization.

Storageproblemsovertimehavedamagedsomeseismograms(particularlyatedges),furthercom-
plicatingdigitizationof full seismograms.Degradationof theseismogrampaperquality(especially
for many pre-1950seismograms),andthedifficulty in perfectlyaligningthe40 inch long seismo-
gramsin the scannerfeedgroove, commonlyresult in eitherslightly skewed or slightly curved
traceimages,typically exaggeratedat thetraceends.Thesescanningartifactsbecomeapparentif
thehorizontal:verticalimageratio is augmented,but aredifficult to identify in theraw tif images.
The effectsof thesescanningartifactswereminimizedby fitting a third orderpolynomialto the
imagetracesto establishareferenceline for eachtraceto determinethedigitizedtraceamplitudes.

Becauseof presumablyvaryingvoltage,Galitzin seismographdrum speedvariability resultedin
the Time ScaleFactor (TSF) varying from about450 to 480 pixels/min. Impactof the variable
TSF is minimizedby usingan averagepixels/mindeterminedfor the entireseismogram.When
digitizing relatively shortdurationearthquakesignals,estimatesof theTSFshouldbemadeeither
just prior to theeventor from anaverageof theTSFfor tracesbeforeandaftertheevent.



SeisDigUser’s Manual 6

2 Main Features

SeisDig is aGraphicalUserInterface(GUI) basedinteractivedigitizing tool. Digitizing operations
aremouseselected.Becausedigitizing numerousentireseismogramimagesefficiently is critical
for studyingthecharacteristicsof extremestormsandtheir occurrencefor climatechangeanaly-
ses,automatedtraceimagetrackingis necessary. Efficient digitizing necessitatesa minimum of
userinteraction.

Figure1: A portion of the seismogramfor Dec. 17, 1940viewed with SeisDig shows the trace
variationobservedin pre-1962Galitzin seismograms,with anexampleof fadedtracelinesat the
seismogramedgethat sometimesoccursin older seismograms.The scannedtraces(thick white
lines)show examplesof adjacenttraceintersectionsduringrelatively high amplitudenoiselevels.
Theprojecteddigitizedtraces(bluelines)successfullytrackpasttheseirregularities.Themagenta
traceis the current(active) traceunderinspection.The Edge Line (verticalgreenline) is shown
on the left, its positionadjustedto conserve the total elapsedtime of the seismogram.The full
seismogramimageis shown in the locatorpanelat the lower right, with theportionof the image
shown in themainimagepaneloutlinedby theredboxandtheactivetraceidentifiedby thedashed
magentaline. The right EdgeLine is setat the well definedtraceends. The paperseismogram
physicaltracelengthin inches(determinedusingtheAmp. SCALE FACTOR valuedisplayed,i.e
theDPI) is shown at thetopof boththemainSeisDig andthelocatorpanels.
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Timing marks,occurringat 1-minuteintervals in mostGalitzin seismograms,causesmall gaps
in the seismogramimage,andhigh amplitudesignalsresult in traceintersectionsandoverlaps
(Fig. 1). The tracewidth canvary within a traceaswell asfrom traceto trace.Eachof these,as
well asothergapsandthin or intermittentlines,cancauseincorrecttrace-tracking.Thenecessity
of settingcontrolpointsatgapsandintersectionswassubstantiallyeliminatedwith atrace-tracking
algorithmthatfollows thecenterof thetraceimage(in theverticalcross-section)andusesa com-
binationof slopeestimatesfrom boththeprecedingdigitizedpointsandthetraceamplituderange
to constraintheforwarddigitizing search.Tracetrackingis furtherconstrainedto recrossthebase-
line within a userselectedtime period. Incorrecthandlingof traceintersectionsandotherimage
irregularities(commonlyoccurringwhenhighamplitudesignalscauserepeatedtraceintersections
or overlaps)areeasily identifiedby visual inspectionof the projecteddigitized traceoverlaying
theraw imagetrace.TheGUI allows interactive modificationof thedigitizedtrace(s)(aswell as
settingcontrol pointsat traceendsfor pre-processing)prior to saving to an outputfile for cases
whenimagequality and/orcomplexity warrantuserinteraction.

SeisDig operatesonblack-and-whiteimages,0-and-1pixel values,respectively. Grayscaleor color
imagesareautomaticallyconvertedinto black-and-white.

2.1 Installation and Matlab/SystemRequirements

A “tar ” file containingtheMatlabSeisDig m-filesandsampleimagefilescanbedownloadedfrom���������
	�	
���
��������������������	��������� !�#"$	
andshouldbeuntarredin theuser’s % 	
&('��*)+'-,

directory, creat-
ing aSeisDig directorywith adatasubdirectorycontainingsampleimagefiles,andshouldbeadded
to theuser’s MATLABPATH. Minimum systemrequirements:MatlabV.6.0or higherwith Image
Processing,SignalProcessing,andStatisticsToolboxes,and256Mb memory;Matlabv.6.1+with
512+Mb memoryrecommended.

2.2 Image File Formats

Acceptableinput imagefile formatsarethosethatMatlab function“imread” supports.Thesein-
cludeTIF, JPEG,GIF, BMP, PNG,HDF, PCX, XWD, ICO, CUR. Imagesof thesetypescanbe
importeddirectlywithout requiringconversionor modification.

2.3 Required User Inputs

If the imagedoesnot containtiming marksor only a sectionof a traceis to bedigitized,theuser
is requiredto enterthetime in minutes(1) betweentheEdgeLines(generallybetweenidentifiable
minutemarks),which is neededto determinethe Time ScaleFactor. The “dots per inch” (DPI)
imagescanrate(2) determinesamplitudescaling(thedefault is 400dpi). If theDPI is unknown,
thephysicallengthof thehorizontaldimension(independentvariable)of thescannedimagemust
be entered. In the Export (Preview) window (seeSection3.1.3, Fig. 5), the useris requiredto
enter(3) the absoluteStartTime of the seismogramor the sectionof the imageto be digitized,
and(4) thedesireddigital outputsamplingrate,i.e. 1/Delta. Whendigitizing entireseismogram
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images,the absoluteEnd Time (5) may alsobe neededto ensurethat the independentvariable
(time) is correctlyconserved during traceconcatenation.Additional headerinformationprior to
output, suchasstationnameandchannelidentifier, areoptional but canalso be enteredin the
Export window.

2.4 Pre-Processing

Much of the time requiredfor digitizing an entireseismogramimage(dependingon the degree
of userinteractionneeded)is CPUandmemoryintensive,with digitizing a 30min tracerequiring
about1.5min or more.For efficientdigitizing of day-longseismogramimages,it is usefulto deter-
minetheprojecteddigitizedtracesfor theentireseismogramprior to inspection,modification,and
saving. After loadingtheimagefile, controlpointsmustbeselectedatbothendsof all tracesto be
digitizedwhile in Insert mode.Thesepointsshouldbenearthetraceends,but neednotbeexactly
attheendof thetraceimage.For efficientcontrolpointselectionalongonesideof theseismogram,
activatingtheLine # checkbox allows automaticincrementationof theline numberwhenadding
successive line-endcontrolpoints(seeSection2.6). Controlpointscanbesetat traceendsalong
onesideof theseismogrameitherwith individualmouseclicksateachtraceend,or settingaseries
of endcontrolpointsby holdingdown theleft mousebuttononthenon-imageregion(black)above
the initial traceendof the seriesanddraggingthe cursorto thenon-imageregion below the last
tracein theseries(i.e. black-to-black).Line #’s for groupsof multiply-selectedcontrolpointsare
automaticallyincrementedfrom top-to-bottom,anddecrementedwhendraggingthecursorfrom
bottom-to-top(thismakessettingcontrolpointsattraceendsmoreefficient). Groupsof incorrectly
labeledtrace-endcontrol-pointline numberscanbeselectedby toggling the Select Points button
andholdingdown theleft mouseanddraggingthecursor. Selectedgroupsof controlpointscanbe
decrementedor incrementedusingthe ./. or 010 buttons,respectively.

Figure2: Thepre-processingfile list showing typical filenamesproducedby prep images.m. The
highlightedpreppedimagefile wasdigitized,with theoutputdisplayedin Fig. 1.

Thedefault intermediateprocessingfilenameshavethesamebasenameastheimagefile, although
theusercanenterany filename.Projectedtracedataand/orassociatedcontrolpointandEdgeLine
dataaresavedin a file having a “.data” extension(unlesstheuserentersa differentfilename)by
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clicking on the“Save Data ” button in theFile menu.This filenameautomaticallyappearsin the
“Preprocess File List ”, locatedin thelower left cornerof Fig. 1. The*.datafilesareactually*.mat
Matlab“save” files. Thedirectorypaththatthesefilesarestoredin is shown abovethePreprocess
File List. Double-clickingon filenamesin this list, either image*.tif or *.data files, will load
that file. Files to be digitized (that containtraceendcontrol points) can be addedor removed
from the Preprocess File List (Fig. 2) usingthe “Add ” or “Remove ” buttons,respectively, with
thefiles to beprocessedhighlightedafterbeingselectedfrom thelist by mouseclick. Preprocess
files not in the currentdirectory canbe addedto the list using their completepathnames.The
CPUintensiveoperationscanthenbeperformedat a convenienttime by clicking on the“Digitize
Selected ” button,with computedprojectedtracesstoredin a *.datafile that has“tr-” prepended
to the filename. “Load Data ” (in the File menu)loadsthe selectedtracetr*.dataobjectfile for
inspectionandcorrection,with theuserpromptedto loadtheassociatedimagefile for comparison
with theprojectedtracesif it is notalreadyloaded.Inspectionof theprojecteddigitizedtracescan
bedoneconvenientlyusingtheAuto Scroll function.

2.4.1 Preparing Imagesfor Digitizing

Removing straypixel “noise” from imagesand 243�5 rotationsaretimeconsumingoperations.When
digitizing multiple seismogramsthat requirethe sameoperationsto preparethe imagefor trace
end control point selectionand digitizing, it may be more convenientto do filtering and rota-
tion operationsusingtheprep images.m functionthatcanberun independentlyof SeisDig (“help
prep images ” in Matlabgivesusage).This functionperformsthesameoperationsasin theImage
menuwithin SeisDig, creatinga new tif file (with thefilenameprependedwith “prep-” andabbre-
viationsof all operationsperformed,Fig.2). Prepedtif filescanbeloadedlaterto setcontrolpoints
at traceends,with controlpointandimagedataautomaticallystoredin anew file having thesame
basenameasthepreppedtif file but with a“.data” appendage,with thenew filenameautomatically
addedto thePreprocess File List for digitizing.

2.5 EdgeLines

Edgelinesareusedto delineatethehorizontal(independentvariable,time)traceextent.Edgelines
needto besetprior to Export. Edgeline locationscanbeadjustedby positioningthecursorover
the EdgeLine, holding down the left mousebutton, anddraggingthe EdgeLine to the desired
location. Incorrectscanningcancausethe traceendsof seismogramsto not be aligneddirectly
beneatheachother, i.e. non-vertical,which canbeidentifiedby increasingthehorizontal:vertical
Image Ratio. To accountfor theslight slopeof thetraceendsandconserve thetotal elapsedtime
in theseismogram,theEdgeLinesmayberotatedby positioningthecursorover theupperendof
theEdgeLine, holdingdown theleft mousebuttonanddraggingthecursorto eitherside.

Whendigitizing full seismograms,EdgeLine locationsareselectedby picking a balancebetween
thequality of theimagetraceendsandthetracelengthof thepaperseismogram(keepingin mind
thatthereis a slight slopeto thespiralingtraces,resultingin thetracelengthbeingslightly longer
thantheseismographdrumcircumference).If thetracelengthis measured,adjusttheEdgeLines
until thevaluein theScaleFactorsAmp. Length dialogbox matchesthemeasuredlength. If the
imagequality is poorat oneend(asin Fig. 1), setthe EdgeLine at the goodendanditeratively
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adjusttheotherEdgeLine to themeasuredtracelengthand/oruntil theTotal (elapsed)Timein the
seismogram(determinedin the Export (Preview) window, Fig. 5 in Section3.1.3) is adequately
conserved.

Figure3: Line activationanddigitizing controls.

2.6 TraceActivation (Line Numbers)

When multiple tracesare being digitized, the current (active) line numberis displayedin the
“Line # ” dialogbox (Fig. 3) below themainSeisDig imagepanel(Fig. 1), with thecurrenttrace
underinspectionidentifiedwith a magentaline (otherprojecteddigitized traceshave blue lines).
The location of the active traceis also identified by a magentaline in the locator panel. Line
numbersarealsodisplayedto the left of the main imagepanel. Line numbersareusefulwhen
editingconnectionsectionsbetweensuccessiveconcatenatedtraces.A line is “activated” or made
“current” (i.e. selectedfor control point changesand/ordigitizing) by enteringthe desiredline
numberin the Line # dialog box andstriking “Enter” on thekeyboard,usingtheassociatedfor-
ward 6 andbackward 7 arrows for scrolling,or by clicking on thedesiredline numberto theleft
of themain imagepanel. The 717 buttonmakesthe lowestnumberedtracetheactive trace. For
efficiency whensequentiallysettingpre-processingcontrolpointsfor successive traceendpoints
at onesideof theseismogramimage,the line numberis automaticallyincrementedif the Line #
checkbox is activated.If left andright sideline numbersareinadvertentlymisaligned(indicated
by theyellow baselineshaving substantialslopesbecausetheendpointsareincorrectlyselectedon
adjacenttraces),resequencingcanbeaccomplishedby selectinggroupsof controlpointson one
sideof theseismogram(by holdingdown the left mousebuttonanddraggingthecursorwhile in
Select Points mode)andclicking oneitherbackward 8/8 or forward 919 buttons.

2.7 TraceDigitizing and Filtering

Individual tracedigitizing is accomplishedby clicking on “Line ” (redon blue,Fig. 3) to digitize
theentiretrace,or “Pt 2 Pt ” to digitize theportionof thetracebetweenselectedpoints.TheLine
andPt 2 Pt buttons(redwith bluebackground)operateon thecurrentactive line indicatedin the
Line # dialogbox. ThePt 2 Pt functionis usedduringprojectedtracemodificationprior to export.
The Pt 2 Pt endpoints,BeginningandEnd,areselectedwith left mouseclicks afterclicking on
thePt 2 Pt button. To facilitatetheselectionof theEndpoint in Pt 2 Pt mode,right mouseclicks
shift the imageonly horizontally. Note thatfloatingbaselinesareusedbecauseof potentialtrace
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curvature.Thebaselinelocationis determinedfrom a linearleastsquaresfit to all controlpointsin
a line, andthetrace-trackingalogorithmoperatesrelative to this baseline.Consequently, to avoid
thepossibilityof changingacceptablepreviously digitizedportionsof a trace,thePt 2 Pt opera-
tion shouldgenerallybeusedwhenmodifying previously digitizeddataafter insertingadditional
controlpointswithin thepoorly trackedsegment.Themaximumtime in secondsallowedbetween
recrossingsof thereferencebaselineis givenby “Max. Period ”, andis particularlyusefulfor high
amplitudedatawith multipleoverlaps.

Theimageline-thicknessvariability alongthetracecausessmall jumpsin theprojecteddigitized
traceunrelatedto the frequency contentof the underlyingsignal. Consequently, a three-point
triangularfilter is automaticallyappliedto thedigitizedoutput. If inspectionof thedigitizedtrace
warrantsfurtherfiltering, additionaltriangularfiltering of thecurrent(active) projecteddigitized
tracecan be appliedby clicking on the “Smooth ” button, with eachmouseclick successively
applyingathree-pointtriangularfilter to thecurrentprojecteddigitizedtrace,whichcanbeundone
if the result is unsatisfactory. Note that this is a lowpassfilter thatwill causea lossof energy at
higherfrequencies.
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3 Menus

All operationsnecessaryto digitizeanentireseismogramimagecanbeperformedwithin theGUI,
including imagefiltering (for “noise” reduction),imagerotationandinversion,andoutputtrace
inspectionandmodification.

Therearethreemainmenusat thetop left cornerof theGUI (Fig. 1): File, Image, andEdit.

3.1 File Menu

Operationsunderthe“File ” menudealwith loadingandsaving imageanddatafiles.

Figure4: OperationsperformedundertheFile menu.

3.1.1 Importing Imagesand ProcessingData

Imagesare imported(loaded)by clicking on the “File ” button at the top left handcornerand
selecting“Load Image ”, andthenselectingthe desiredimagefile from the directorydialog box
thatpopsup. Similarly, filescontainingcontrolpointsandpre-processedprojectedtraceestimates
canbe loadedby selecting“Load Data ”. The filenameof the loadedimagebeingdisplayedis
shown at thetopof theSeisDig window.

3.1.2 Saving Imagesand ProcessingData

Similar to importing images,modifiedimagesandprocessingdata(including control pointsand
EdgeLine locations)canbesavedfor furthereditingby clicking on the“Save Image ” and“Save
Data ” buttons,respectively. All userentereddata,includingcontrolpoints,EdgeLine locations,
andprojecteddigitizedtraceestimatesarestoredin thetr*.datafilesunderSave Data. Changesto
a raw image(eitherorientationor filtering) canbestoredby clicking on theSave Image button.

3.1.3 Exporting Digitized Data

Digitized dataaresaved to disk by clicking on “Export (Preview) ”. An Export window (Fig. 5)
popsupin whichtheusermustentertheStartTimeandthesamplingrate(1/Delta)of thedigitized
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Figure5: Layoutof theExport (Preview) pop-upwindow. Thetop panelshows theconcatenated
outputof thedigitizeddatafor thefull seismogramshown in Fig.1,containing48tracesof approx-
imately 30min durationeach. The portion of the digitized traceoutlinedby the red locatorbox
(600s) in theupperpanelis expandedin themainpanelfor detailedinspection.Theyellow dots
indicatethesampledamplitudesto beexported.Notethesemi-regularcoda-likearrivals,indicative
of microseismsgeneratedby thearrival of oceanswell atnearbyshorelines.

tracedata,and any SeismicAnalysis Code(SAC) headerinformation available. “# Sec. Dis-
played ” givesthelengthof thetimesegmentdisplayedin themainpanelin seconds.Thelocation
of the expandedtracesectionshown in the main panelcanbe selectedby eitherclicking on the
tracein the top panel,draggingthe slide bar at the bottomof the main panel,or clicking on the
“ : Prev ” or “Next ; ” buttons(whentheassociatedcheckboxis setto Line) to inspectconnections
betweenconsecutive concatenatedtraces,with the connectionpoints indicatedby vertical green
lines in the main panel(Fig. 5). Toggling the Line checkboxin the Export window switchesto
Nmax, which allows jumpingto successive tracemaxima(usefulfor locatingspikesthataregen-
erally associatedwith improperlydigitizedsegments).

Headerinformationfor SAC outputrequiresentryof thesamplingrate(1/Delta,samples/s)andthe
StartTime of thedata,which includesdateinformation. TheStartTime correspondsto thestan-
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dardSAC header“ReferenceTime”, but differsin SeisDig whereit mustbethebeginningtimeof
thedatabeingdigitized.Theinverseof thesamplingrate,i.e. thesamplinginterval Delta,is output
in theSAC headers.Thelocationsof samplestakenfor agivensamplingratearedeterminedby the
numberof pixels/s,which is obtainedfrom themeasuredpixels/minfrom theseismogramimage.
The400dpi Galitzin imageshave about7.7pixels/s.Unlike NxScan which truncatedthepixels/s
estimatecausingslightly shiftedspectralestimates,SeisDig usessplineinterpolationto determine
thetraceamplitudesat thelocationsspecifiedby thesamplerateentered.

To checkthe conservationof total elapsedtime whendigitizing full seismograms,theEndTime
needsto beentered.A pop-upwindow givestheDigitized Total Time (determinedfrom thedigi-
tizing process)andtheEnteredTotal Time (determinedfrom theStartandEndTimesentered)in
seconds.Typically, thesediffer by afew hundredsecondsfor afull day-longseismogram.Theuser
hasthe option of acceptingthe EnteredTotal Time (generallyrecommended),in which casethe
samplinginterval (i.e. the Time ScaleFactor, TSF) will be adjustedaccordingly, and/orslightly
shifting oneor both of the EdgeLines andthenre-Exporting. Note that the TSF is an average
estimatefrom all theindividual linesin theseismogram,andthushasanassociatedvariance.

Digitized data are exportedby selectingeither “Save as SAC ” (the commonSAC format) or
“Save as MAT ” (a Matlab *.mat file that mimics the SAC2000Matlab output). SAC2000can
bedownloadedfrom http://www.llnl.gov/sac/. TheMatlaboutput*.mat file includesa tracevector
(SeisData), anda header“structure” (SACdata) thatcontainsnecessaryinformationfound in the
SAC2000Matlabheader, includinga SeisDig structcontainingdigitizing parameters(Section9).
Thereareoftennumerousdatagapsin theolderGalitzin seismograms(seeFig. 1). Thus,in order
to keepthenumberof datafiles to a manageablelevel, theSAC files generatedby SeisDig differ
from standardSAC files in thatmissingdatagapsaredesignatedby “-12345”, andwith NaNsin
theMatlab*.mat outputfiles. Theoutputdigitizedtraceamplitudesarein millimetersandcorre-
spondto traceamplitudesof thepaperseismogram.TheSAC headervariable“scale” is setequal
to 1.

TheBegin Value andEnd Value fields in theSeisDig SAC headeraresetto thefirst andlastdata
pointsexported.If anearthquakeeventis embeddedwithin theoutputdata,theEvent Origin, First
Arrival, Event End timesmaybeselectedby mouseclicking on pointsin themain Export panel
afteractivatingtherespectivebutton,with middlemousebuttonclickscausinglateraltranslationof
thetraceimagecenteredat thecursorlocation.Theeventtimesareindicatedby verticalmagenta
lines in the main Export panel. The valuesfor the event timesstoredin the SAC headerarethe
numberof samplesfrom thebeginningof theoutputtrace.Thesepointscanbelocatedin absolute
time from the StartTime of the datafile andthe Delta. Choosingevent times is optional,with
thesevaluessetto “-12345” in theSAC headerif unspecified.Entering-12345 < cr = in any of the
Eventfieldserasestheassociatedmagentaline.

3.2 Image Menu

Thedigitizing algorithmoperatesfrom screenleft to right. Thus,the independentvariable(time)
mustbeincreasingfrom left to right. Someseismogramsneedto bescannedlengthwiseor inverted
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becauseof physicaldamageto thepaperduringstorage.Consequently, severalimagemanipulation
functions(Fig. 6) areincludedto align the imagecorrectlyfor digitization. Aging or damageto
thepaperseismogramduringstoragecanresultin theinclusionof non-seismic“imagenoise”that
needsto be filtered for efficient andaccuratedigitization by the trace-trackingalgorithm. Most
of theseoperationsaretime consuming.Whendigitizing multiple seismogramshaving thesame
characteristics,it may be moreconvenientto performtheseoperationsexternalto SeisDig using
prep images.m (seeSection2.4.1).

Figure6: OperationsperformedundertheImage menu.

3.2.1 ImageManipulation Functions

Seismogramimagescanbe rotatedabouteitherthe screenx-axis or y-axis using“Mirror About
X-axis ” or “Mirror About Y-axis ”, respectively. Rotationof the imageaboutthe screenz-axis
canbedoneby clicking on the“Rotate 180 ” for >�?�@�A rotation,or “Rotate +90 ” or “Rotate -90 ”
buttonsfor clockwiseandcounter-clockwise B�@4A directions,respectively (the CDB�@�A rotationsare
muchsloweroperationsbecauseof memoryreallocation).

3.2.2 ImageFiltering

“Filter Image Noise ” removesspuriousisolatedpixelsandoffsetminutemarksthatinterferewith
accurateautomateddigitizing, andis recommendedfor mostimages.“Erode ” and“Dilate ” func-
tions effectively contractor expand,respectively, the imagetraceline thickness,but arenot rec-
ommendedfor useexceptin specialcases.Becauseimagefiltering operationscannotbereversed,
thesefeaturesshouldbeusedwith caution.If theresultsof any of thesefunctionsareunsatisfac-
tory, theimagecanbereloaded.

3.2.3 Invert Image

This function switchesthe background/foregroundfrom white-to-blackandvice versa. SeisDig
requiresablackbackground,i.e. pixel valuessetequalto zero.
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3.2.4 Reloading

In theeventthatanimageis over-filteredor in somewaycorruptedduringdigitizing operations,the
currentimagefile canbereloadedusingthe“Reload From Disk ” option,which clearsall objects
andcontrolpoints.

3.3 Edit Menu

Digitizing modificationscanbefacilitatedby beingableto addor remove previously determined
overlays,aswell asundoincorrecttracemodifications.Suchfunctionsthathaveprovedusefulare
foundin the“Edit ” menu(Fig. 7).

3.3.1 Undo

All operationsarestoredfor possiblerestorationto theprior state(exceptImage menuoperations).
Successive operationscanbe reversedby clicking on “Undo” or striking “ E ctrl F u ” using the
keyboard,or alsoby striking “u” if themain imagepanelhasbeenactivatedwith a mouseclick
(i.e. is thecurrentMatlabobject).

Figure7: OperationsperformedundertheEdit menu.

3.3.2 Overlay Display Options

Operationsfor theentireimageincludeerasingor redisplayingall control pointsand/orthepro-
jecteddigitized tracesfrom theviewed imageby toggling the“Show Control Points ” and“Show
Trace Data ” buttons.
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3.3.3 Show OppositeImage Edge

Whendigitizing multipletraces,settingcontrolpointsattraceendsfor preprocessingandadjusting
theEdgeLine fit, checkingtraceconcatenationandtracenumbering,or checkingthereferenceline
fit to theimage,“Show Opposite Image Edge” providesaconvenientfunctionto observethetraces
at oppositeendsof theseismogramimagesimultaneously.

3.3.4 Show ReferenceLine

The seismogramimagetracescanbe slightly curveddueto incorrectpaperfeedin the scanning
operation. To establisha referenceline for determiningoutput digitized traceamplitudesthat
accountsfor thisslightcurvature,apolynomialfit to thedigitizedpointsof orders1, 2, or 3 canbe
canbechosenusingthe“Order Fit ” option. It is recommendedthat full tracesbedigitizedusing
a third orderpolynomial(thedefault). However, whendigitizing shortertracesegments,a linear
referenceline maybemoreappropriate.“Show Reference Line ” overlaystheselectedpolynomial
fit on all tracesfor visualinspection.

3.3.5 DeleteLine TraceData

If the trace-trackingalgorithmgetscompletely“lost ”, it is sometimesnecessaryto redigitizean
entire trace. “Delete Line Trace Data ” deletesall previously digitized datapointsonly for the
current(active) line.

3.3.6 DeleteLine Control Points

“Delete Line Control Points ” deletesall controlpointsfrom thecurrent(active) line.

3.3.7 Minute Marks

Thelocationsof minutetiming-mark(gaps)areestimatedusingamodificationof thetrace-tracking
algorithm,andarenumberedsequentiallyandoverlaidon theimageusingthe“Find Minute Mark
Locations ” function. Identifying minutemarksis usedto determinethe Time ScaleFactor, i.e.
thenumberof pixels/min (seeSection5.1), neededto determineoutputtracesamplinglocations.
TheDPI needsto beentered(or estimated)to determinetheminutemark locations.Theoverlaid
minutemarknumberscanberemovedfor theentireimagewith the“Remove Minute Mark Labels ”
function. The Find Minute Mark Locations function may not work well for imageswith trace
overlaps.Whendigitizing full seismogramimages,it canbeusefulto examinethevariationin the
pixels/min andminutes/ line estimatesfor all thetracesusingthe“Plot Pix / Min / Trace ” function.

3.3.8 Debug/Restore

Occasionally, problemswith eitherMatlab or the trace-trackingalgorithmcanoccur. The “De-
bug/Restore ” functionresetstheGUI buttons,andrestoresline labelingandthebaselinelocations.
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4 GUI Functions

Variousfunctionsfor moving aroundtheseismogramimageandcorrectingpoorly tracked traces
areactivatedby mouseclicking on the appropriate“button” at the left of the main imagepanel
(Fig.1). Thatfunctionremainsactiveuntil eitherreclickingor anotherbuttonis activated.Because
eachof thesefunctionsuseleft mouseclicks,only oneof thesefunctionscanbeactiveatonetime.

4.1 Navigation

Moving within the imagecanbe doneby (1) usingthe scroll barson the bottomandright hand
sidesof the displayedimage,(2) by clicking on the desiredlocation in the locatorpanelat the
lower right, (3) by usingthe“Shift Image ” button,or (4) centeringtheimageat thecurrentcursor
locationby right clicking. The displayedportion of the imagein all casesis identifiedby a red
box in thelocatorpanelat thelower right, which displaysthefull imageandidentifiesthecurrent
active tracewith ahorizontalmagentaline.

Figure8: Imagenavigationcontrols.TheZoom buttonis activated,i.e. beige.

4.1.1 Shift Image

Activationof theShift Image buttonallows“grabbing”anddraggingthedisplayedimageby hold-
ing down theleft mousebuttonandmoving thecursor.

4.1.2 ImageMagnification

Activatingthe“Zoom ” buttonallowsimagemagnification(left button,zoomin) or reduction(right
button,zoomout),with thezoomedimagecenteredat thecursorlocation.Thesizeandlocationof
theredlocationboxin thelocatorpanelisadjustedaccordingly. Zoomingcanalsobeaccomplished
by clicking onthe“+” or “-” buttonsadjacentto thezoommagnificationdialogbox,with zooming
directedtowardstheupperleft cornerof theimage.Clicking themiddlemousebuttoncentersthe
imageat the cursor. The degreeof zoomingfor both mouseclicks in the main imagepaneland
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usingthe + or - buttonsis a pre-determinedpercentageof the sizeof the initial red locatorbox,
i.e. thesizeof theinitial imagedisplayedin themainimagepanel.Thedegreeof zoomingdesired
canalsobemanuallyenteredin theZoom dialogbox, alsorelative to the initial main image(red
locatorbox)size.

4.1.3 ImageRatio

Increasingtheapparentrelativeamplitudeof thedependentvariable(i.e. theverticalor y-direction
with an x:y Image Ratio of 1:50) is useful for identifying irregularitiesresultingfrom improper
scanning,i.e. excessive tracecurvature(thetraceimagesshouldbenearlylinear). Conversely, to
checkalignmentof thetraceends,ahorizontal:verticalImage Ratio of 100:1facilitatestheaccurate
selectionof EdgeLine locationandslope.

4.1.4 Auto Scroll

After pre-processdigitizationof a full seismogram,cursoryinspectionof of theprojecteddigitized
datato identify incorrectly tracedsegmentscanbe performedusing“Auto Scroll ”, which steps
throughtheentireseismogramin incrementsthesizeof theredbox in the locatorpanel,with the
viewing time in secondsbetweensuccessive portionsenteredin the “Delay ” dialog box. Either
mouseclicking on Auto Scroll or anywherein theSeisDig window stopsscrolling.

4.2 Digitizing Control/TraceEditing Functions

Digitizing traceimagesrequireschoosingcontrolpointsto constrainthedigitizing algorithm,and
to correctpoorly tracked tracesegments. Only one“trace editing” button canbe activatedat a
time,with theactivatedbuttonbecominggreen(Fig. 9). Traceeditingfunctionsapplyonly to the
line numberdisplayedin theLine # dialogbox, theactive trace,unlessthe“Current ” checkboxis
toggledto “All Lines ”. TheCurrent / All Lines checkboxappliesto all traceeditingfunctions.

4.2.1 Control Points

Controlpointsareneededat thebeginningandendof eachtraceto identify thetime-axis(indepen-
dentvariable)baselineandthe traceextent,andwithin traceswhenthe trace-trackingalgorithm
hasdifficulty correctlyfollowing atrace.Controlpointsneednotbesetat theexactendof thetrace
(thetrace-trackingalgorithmwill go to theendregardless).Controlpointscanbeaddedat multi-
ple traceendsby holdingdown theleft mousebuttonanddraggingthecursorfrom black-to-black
(non-image)locations,with a control point insertedat eachcrossingof a traceimage(white re-
gion). Controlpointscanbeaddedonly to thecurrentactiveline indicatedin theLine # dialogbox
(unlesstheLine # checkbox is activatedfor addingcontrolpointsat multiple traceendsfor pre-
processing).Controlpointsassociatedwith thenumberin theLine # dialogbox (active) arered,
while inactiveareblue.Activatingthe“ Insrt Ctrl Pt ” buttonallowsaddingasmany controlpoints
asneededat selectedcursorlocationswith left mouseclicks. Controlpointsgenerallyshouldbe
vertically centeredin theimagetrace(thedefault setting).Centeringcanbeturnedoff for special
casesby togglingthe“Center ” checkbox (changesto “Exact ”), andis particularlyusefulturned
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Figure9: Traceeditingcontrols.ThetraceeditingbuttonInsrt Ctrl Pts is activated,i.e. green,with
theCenter checkboxactivatedcausingsubsequentcontrolpointsinsertedto beverticallycentered
in theCurrent traceindicatedin theLine # dialogbox.

off whenadjustingthetrackingat traceintersections.

Incorrectlyaddedcontrolpointscanbedeletedat any time by activatingthe“Del Ctrl Pt ” button
andthenclicking on the erroneouscontrol pointswith the mouse.Individual control pointscan
be deletedfrom any traceat any time with mouseclicks by toggling the Current checkbox(the
default) to All Lines. Successively addedcontrolpointscanbesequentiallydeletedby striking the
“u” key for “Undo” afteractivatingthemainimagepanelis madetheactiveobjectby mouseclick.
All controlpointsin a tracemaybedeletedwith Delete Line Control Points in theEdit menu.

4.2.2 SelectPoints

Groupsof controlpointscanbeselectedfor deletionor for incrementingline numbersby activating
the “Select Points ” buttonandthenholdingdown the left mousebuttonanddraggingthecursor
to encompasscontrol pointson the Current line or on multiple lines whenthe All Lines button
is active. To deleteselectedgroupsof controlpoints,selectthecontrolpointsandthenstrike the
keyboard“Delete” key. To incrementor decrement,selectandthenclick onthe G1G or HIH buttons,
respectively.

4.2.3 EraseTrace

High amplitudesignalsresultin traceoverlapsthatgenerallyrequireinteractivemodificationof the
projecteddigitized trace. Incorrectlytracked tracedatacanberemovedusingthe“Erase Trace ”
function,holdingdown theleft mousebuttonanddraggingthecursorto delineateprojectedtrace
datato be erased.The Current / All Lines checkbox appliesto Erase Trace (asfor other trace
editing functions)so that incorrectly tracked signalscanbe erasedwithout affecting previously
correctlydigitizedadjacenttraces.An entiredigitizedtracemaybedeletedwith Delete Line Trace
Data in theEdit menu.
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5 Time and Amplitude ScaleFactors

Scalefactorsfor boththeindependentvariable(Timefor seismograms)andthedependentvariable
(Amplitude)(Figures1 and 10)needto beeitherenteredor computedprior to exportingdigitized
data.

Figure10: Time (independent)andAmp (amplitude,dependent)variableScaleFactors,showing
valuestypical for earlierGalitzinseismograms(seeFig. 1).

5.1 Time (IndependentVariable) ScaleFactor

Thedigitizing Time ScaleFactor(TSF) is neededto determinethesampling“locations” alonga
projectedtraceto obtainthedigitizedoutput. An accurateestimateof theTSF(pixels/unit(min))
of theimageis alsoneededto ensureconservationof elapsedtimebetweenStartandEndTimesof
theseismogram.Theseismographdrumspinratevariesover time (evenhourly) for olderGalitzin
seismograms,giving variabletracelengths(i.e. numberof minutes/trace).Thus,theTSFshould
be estimatedfor eachseismogram,althoughthe default medianvalueof 470 pixels/ min canbe
used. The TSF is determinedautomaticallywhendigitizing full seismograms(that have minute
markgaps)asthemeanof thepixels/ min estimates(excludingoutliers)for all linesto bedigitized.
Thevariationin the(pixels/ min) / tracecanbeexaminedusingthePlot Pix / Min / Trace function
in theEdit menu,andthenloadingtheautomatically-generatedassociated“gaps-” file.

Alternatively, whendigitizing shortsegmentsof seismograms,the TSF canbe estimatedby en-
teringtheLength (for seismograms,thenumberof minutes)betweentwo selectedpointswithin a
tracedelineatedwith theEdgeLines(movedto clearlydefinedminutemarks)in theScaleFactors
“Time (min) ” dialogbox. Thenumberof minutescanbedeterminedusingthe“Find Minute Mark
Locations ” functionin theEdit menu,with theminutemarkgapsnumberedsequentiallybetween
control pointsandshown on the traceto checkthat the minutemarkswerecorrectly identified.
ThesenumberscanberemovedusingRemove Minute Mark Labels in theEdit menu.

Whentick (minute)markgapsareabsent(asin Fig. 1), theimagequality is poor, or multiple trace
overlapsoccur, theminutemarksmaynotbeidentifiedcorrectlywith eithertheFind Minute Mark
Locations functionor by visual inspection.In suchcases,theTSF(pixels/ min) mustbeentered
manually. This is doneby activatingtheTime, pix / unit dialogboxby mouseclick andenteringthe
pixels/ min value(or usingthedefault estimateof 470),andstriking theEnterkey. Thecomputed
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tracelength(in minutes)basedon theenteredTSF(andtheEdgeLine positions)will thenappear
in theLength dialogbox.

TheTSFcanalsobedeterminedfor the full seismogramusingthe theStartandEndTimes(an-
notatedon the physicalseismogram)enteredin the Export (Preview) window. If StartandEnd
Timesareenteredandaccepted,the computedTSF will not be used. Becausethe tracelength
in older Galitzin seismogramscanvary from slightly lessthan30min to about31min (the Plot
Pix / Min / Trace function in the Edit menualsoplots the numberof minutesper line), the TSF
estimateshouldbeobtainedfrom thedisplayedseismogramimageor from atracechronologically
close.

5.2 TraceAmplitude (DependentVariable) ScaleFactor

TheAmplitudeScaleFactor(ASF, dependentvariable)for thedigitizedtimeseriescorrespondsto
theimageDPI (dotsperinch). TheDPI is usedto convert theseismicdigitizedtraceoutputampli-
tudesfrom pixels to millimeters. TheDPI is generallyknown andshouldbeenteredin theScale
Factors“Amp” pix / unit dialogbox (the default is 400dpi). TheenteredDPI is usedto compute
thephysicaltracelengthbetweentheEdgeLines,shown in theLength ScaleFactorsAmp dialog
box(Fig.10). Thisvalueshouldcorrespondto themeasuredphysicaltracelength.TheEdgeLines
canbeadjusteduntil thecomputedtraceLength matchesthemeasuredlength.

If the DPI is unknown, the original paperseismogramphysicallength, i.e. the measuredtrace
length,canalsobe usedto determinethe numberof pixels/inchor DPI amplitudescalingof the
image.Theunitsof thepaperseismogramphysicaltracelengththatgeneratedthescannedimage
arein “inches” to conformto theDPI convention.Enterthepaperseismogramtracelengthin the
Length ScaleFactorsAmp dialogbox (Fig. 10). Thenumberof pixelsbetweentheEdgeLinesset
at thetraceendsthengivestheASF.
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6 Digitizing Quality Control

The projectedoutput traceof the digitizing algorithmshouldbe inspectedto ensurethe quality
of the digitized data. Becausethereareseveral factorsthat affect the traceimagequality, initial
projecteddigitized traceestimatesoften requirecorrection. After Pre-Processing, entireimages
canbescannedfor digitizing errorsusingAuto Scroll. Prior to saving to discduringExport, the
concatenateddigitized tracesaredisplayedin a scrollablewindow that appearsafter clicking on
Export (Preview) in theFile menu. After correction,thedigitizeddatamustbe re-Exported, and
modifiedsectionsshouldbere-inspected.

6.1 Interacti veTraceModification/Editing

Incorrectimagetrace-trackingis easilyidentifiedby comparingtheprojecteddigitizedtracewith
theunderlyingimage,or by identifying inconsistentamplitudesin theExport (Preview) window.
Poortracetrackinggenerallyresultsin highamplitude“spikes”,whichcanbelocatedby searching
throughthe tracein the main Export panelby usingeitherthe scroll bar or by toggling the Line
checkboxto Nmax (the“next maximum”)andexaminingsuccessivemaxima.Poorlytrackedsec-
tionsshouldbemodifiedin themainSeisDig panelandthenre-Exported.

Changingthetrace-trackingcanbeaccomplishedby insertingcontrolpointsat locationswherethe
projecteddigitized tracedeviatesfrom the underlyingimage. Clicking on Insrt Ctrl Pt activates
Insert mode.In mostcases,re-digitizingmodifiedtracesectionsshouldbedoneusingthePt 2 Pt
function. This reducesdigitizing time andavoidsthepossibilityof adverselyaffectingpreviously
digitizedtracesegmentsthatwereacceptable.

Controlpointsshouldbe insertedto guidethe trackingalongthecorrectpath. Groupsof control
pointscanbeinsertedin poorly trackedsegmentsalonga singletrace(while in Insert modewith
theCurrent checkboxactive)by holdingdown theleft mousebuttonanddraggingthecursorhori-
zontallyfrom anon-imageregion to anothernon-imageregion(black-to-black)alonga trace,with
controlpointssetat eachimagelocation(white) crossed.ThePt 2 Pt digitizing functioncanthen
beapplied.On occasionswhentheimagequality is poorbut thetraceis potentiallyidentifiable,it
is usefulto loadtheraw, unfilteredseismogramimage,overlaytheprojecteddigitizeddata(deter-
minedfrom thefilteredimage),andusetheraw imagedataastheguidefor settingcontrolpoints
to improve tracetracking. In casesof poor imagequality, sectionsof a digitized tracethat have
beenpoorly trackedcanbedeletedwith “Erase Trace ” by holdingdown theleft mousebuttonand
selectingthe desiredarea. Several applicationsof the Pt 2 Pt digitizing function (with repeated
additionsof controlpoints)shouldbeusedprior to resortingto Spline Fitting.

6.1.1 Spline Fitting

In instancesof extendedpoorimagequalitybut with avisually identifiabletrace,holdingdown the
left mousebuttonanddraggingthecursorfrom anidentifiedportionof thetraceimageto another
identifiedimagepoint (“white-to-white” while in Insert mode)identifiesa sectionfor “spline” fit-
ting. Otherpre-existingcontrolpointswithin thesplinedsectionbecomeincorporatedin thespline
fit. Repeatedclicksonidentifiabletracesegmentswithin thesplinesectionconstrainsthesplinefit.
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Figure11: ThemainSeisDig panelshowing anexampleof aportionof a traceimageat thebegin-
ingof Line42(uptoaboutthe0.95inchtracelocation)thatwasspline-fitted.Redcirclesconnected
by thin redlinesidentify locationsof splinecontrolpoints.Comparewith theunmodifiedprojected
tracedeterminedby thedigitizing algorithm(Fig. 1, beginingof Line 42).

Notethat individual controlpointscannotbedeletedwithin splinesections.If thesplinedsection
is unsatisfactory, useErase Trace to deletetheprojectedtracein thesplinedsection,followedby
Select Pts andstriking thekeyboardDeletekey (seeSection4.6) to deleteall controlpointswithin
a splinedsection. Figure11 shows a splinedsectionat the begining of Line 42, up to aboutthe
0.95inch tracelocation. Theblankspacebetweenthe(green)EdgeLine andthebegining of the
traceresultsfrom fadingof theseismogramtracesat this edge,with theEdgeLine setto conserve
theTotalTime in theseismogram.

6.2 TraceConcatenation

Digitizing consecutive tracesin a seismogramimagerequiresconcatenatingthe traceat oneend
of the imageto the next traceat the oppositeend. Storageproblemsover time have resultedin
degradedimagequality at theedgesof someseismograms(seeFigures1 and11). Minute marks
andfadedtraceendscanresultin gapsat traceconnectionsthatneedto beaccountedfor. When
digitizing full seismograms,the usersetsthe “Edge Line” locationfor the endof the imagethat
is bestdefined.The otherEdgeLine canbe iteratively adjustedto minimize the time difference
betweenthedigitizedandenteredTotal (elapsed)Times,determinedfrom theStartandEndTimes
enteredby theuserin theExport (Preview) window.
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Theconcatenateddigitizedtracescanbeexaminedby clicking on theExport (Preview) buttonin
the File menu,with the connectionlocationsidentified for inspection(seeFig 5). Any needed
modificationat traceconnections(or EdgeLine adjustment)canthenbeperformedin theSeisDig
window (nearthe connectionlocationsof the indicatedline numberin the Export window) and
thenre-Exporting.Datagapslessthan50 pixels (about5s at 400dpi) that commonlyoccurbe-
tweenconcatenatedtraces(andatminutemarks)areautomaticallysplinedacross,with largergaps
designatedasmissingdata.

7 Digitizing Procedure

7.1 Seismograms
J Import theimage,rotateandmirror theimageasneededsothatTime(theindependentvariable)
increasesfrom left-to-right andtop-to-bottom.Filter theimagenoise.Becausefiltering theimage
is CPUandmemoryintensive in Matlab(i.e. slow), theSave Image optionshouldbeusedsothat
imagefiltering androtationdo not have to be repeated(be carefulnot to overwrite the original
imageunlessdesired).If morethanoneimagehaving thesamecharacteristicsis beingdigitized,
prep images.m canbeusedexternalto SeisDig.J Setcontrolpointsat bothendpointsof all lines(or theline segment)to bedigitized. It is more
efficient to setall thecontrolpointson onesideof theseismogramimage,andthentheotherside.
Whensettingtrace-endcontrolpointsfor successivelines,“activating” theLine # checkboxmakes
it is unnecessaryto changetheline numberin theLine # dialogbox.

The following two operationsarenecessaryonly whendigitizing multiple traces,althoughthis
proceduremaybeusefulin estimatingthearrival timeof anearthquakesignalif arrival timedeter-
minationby inspectionprovesproblematicor backgoundnoiseestimatesareneeded.

J Go to the file menuandclick on Save Data, resultingin the control points“prep-*.data” file-
namebeingaddedto the Preprocess File List. Click on Digitize Selected (pre-processingtakes
30-45min/seismogram,dependingonmachinearchitecture).J After digitizing is completed,load the control pointsandprojecteddigitized tracedatausing
Load Data in theFile menu.Loadingthe“tr-*.data” file will automaticallyloadtheimageandthe
projectedtracesin which thecontrolpointswereselected.

Thefollowing arenecessaryfor all digitizeddata.

J Comparetheprojecteddigitizedtraceswith theunderlyingimageandinteractivelycorrectpoorly
trackedtracesegments(seeSections6 and4.2).J EntertheDPI. If theDPI is unknown, enterthephysicallengthof thehorizontaldimensionof
thescannedpaperseismogramin “inches” in the Amp, Length dialogbox.J A leastsquaresfit is usedto determinethe referenceline for eachtrace. The linearity of each
traceandthe referenceline third orderpolynomialfit canbemoreclearlyobservedby changing
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the horizontal:vertical imagescalingratio to 1:50. Changethe orderof fit if desiredin the Edit
Menu.

K Setthe EdgeLines at both endsof the image. Settingthe EdgeLines is necessaryonly when
concatenatingmultiple traces,determiningthetotal elapsedtime in theseismogram,or whende-
terminingtheScaleFactors(eithertheTSFor to checktheDPI). If timing markgapsareabsent,
usetheTSFdeterminedfrom theenteredStartandEndTimesin theExport (Preview) window or
usethe default pixels/min value(470, or an estimatefrom the closestchronologicallyavailable
seismogram)in the Time (min), pixels /unit dialogbox.K Export andPreview to ensuredigitization (andconcatenation)of the traceswasdoneproperly.
Save Data in casefurtheradjustmentsarenecessaryat a latertime. Adjust connectionsegmentsif
neededby modifying thedigitizeddataat thetraceendsandrecheck.K Entertherequiredheaderinformationin theExport window, StartTime (andEndTime for full
seismograms),andthesamplingrate.Adjust EdgeLinesif needed.Re-Export.K Save thedigitizeddatain eitheror bothSAC2000Matlabfile andstandardSAC formats.

7.2 GenericSeries:Time or Otherwise

Digitized datamay be obtainedfor other imageswherethe independentvariableis increasing
monotonically. Determinationof theindependentanddependentvariablescalefactorsis madeby
enteringtherangeof theindependentvariableandthephysicaldimensionof thescannedhardcopy
in the Length dialog boxes,respectively. The remainderof the digitizing procedurefollows that
for seismograms.
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8 KeyboardShortcuts

Sometimesit canbemoreefficientusingthekeyboardto employ traceeditinganddigitizing func-
tionsinsteadof themouse.

Notes:

1. All lower anduppercaseletterswill have thesamefunctionunlesssomeotherfunctionality is
explicitly stated.

2. Keypressfunctionsonly work whenthefigureis theactiveobject.Thekeyboardwill beignored
if any text fields,buttons,or slidersareselected.Theexceptionis whenusing L ctrl M with akey.

[0-999] L enterM : Jumpto line number(Ex: 16L enterM goesto line 16)
x / X : decrease/ increasex-axisratio
y / Y : decrease/ increasey-axisratio
L spaceM : Digitize Pt2Pt
M : Incrementline number
L : Decrementline number
M : Resetline numberto top
+ : Zoomin
- : Zoomout
I : ToggleInsertCtrl Pt
D : ToggleDeleteCtrl Pt
L : ToggleSelectPts
E : ToggleEraseTrace
H : ToggleShift Image
Z : ToggleZoomButton
u, L ctrl M u : Undo
“ : ” : Toggle“Center” checkbox
? : Toggle“Current / All Lines” checkbox
L Del M : Deleteselectedcontrolpoints
Keyboard“arrows”: NPORQSOUT O�V : Scroll imagein mainpanel
‘ : EnablekeyboardpromptdebuggingW : Enableimagecropping,delineatingtheareawith themouse



SeisDigUser’s Manual 28

9 SeisDig SAC2000Structur es

TheSeisDig Matlabheaderstructsdo not includeall thosefoundin theLawrenceLivermoreNa-
tional Laboratory(LLNL) SAC2000release.Whenin SAC2000,moreheaderinformationcanbe
obtainedwith “SAC X helpmat”. A brief comparisonof structsin SAC2000andSeisDig is given
below.

Identical to the SACdata structuresin SAC2000:

structtimes:
deltab eo a f
t0 t1 t2 t3 t4 t5 t6 t7 t8 t9
ko kakt0 kt1 kt2 kt3 kt4 kt5 kt6 kt7 kt8 kt9 kf

structstation:
stlastlo stelstdp
cmpazcmpinc
kstnmkcmpnmknetwk

structevent:
evla evlo evel evdp
nzjdaynzyearnzhournzminnzsecnzmsec
kevnmmagimagtypimagsrc

trcLen (integertypein SAC2000)

Structs Not included in SAC filesexported fr om SeisDig:

user, descrip,evsta,llnl, response

Newstruct in SeisDig export files:

structSeisDig:
num pixels: total numberof pixelstraced
px per min
samplesper sec
px per delta
original px per min : valuelistedin SCALE FACTORSbox in mainSeisDig window
samplingmethod:always“nan spline”
min per line : valuelistedin SCALE FACTORSbox in theSeisDig window (minutes)
physicallength: valuelistedin SCALE FACTORSbox in theSeisDig window (inches)
dpi : dotsperinch
dpmm: dotspermm
imagefilename: filenameof imagefile digitized




