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Abstract

Despiteall the attemptsof moderninformationtechnol-
ogy to supplantpaperby sophisticatecklectonic devices,
paperis still omnipresentin virtually any office erviron-
ment. We havelearnedover the last decadethat paperis
an indispensableart of our daily work and that eventhe
latestcomputes are not ableto mimicits functionality To-
day, paperand computerare coexisting side by side with-
out interacting with ead other both havingtheir specific
advantayes. This paperpresentsa concepffor bridging the
gap betweercomputerand paperby combiningthe advan-
tagesof bothelectionic and paperworld. Theimplementa
tion describedn this paperaugmentstandad paperwith
featuresof moderninformationtechnology. Moreover it al-
lowsinterfacingcomputes usingpenand paper

1. Intr oduction

The easeof useprovided by the classicpen-and-paper
“interface” is unsurpassed.Exceptfor writing long text
passagegnostof usregardit asthe mostcornvenientway
of expressing,cornveying, and storing one’s thoughtsand
ideas.However, penandpaperarehardly supportedy cur-
rentinformationtechnology Theintegrationof paperbased
devicesand moderncomputershasbeenhamperedy two
problems: the difficulty of recordinghandwritingwithout
affectingthe naturallook andfeel of penandpaperandthe
insufficient recognitionratesprovided by handwritingrec-
ognizers. However, considerablgrogresshasbeenmade
over the recentyears. While new andhighly sophisticated
pen-basedchardware is announcedalmost monthly nowa-
days,handwritingrecognitionratesare steadilyimproving
andwill soonreacha level of commonacceptanceThese
developmentpave the way for a betterintegrationof pen
andpaperinto the daily workflow.

The main idea of the conceptdescribedin the follow-
ing sectionsis to generatea so-calledmodel file for all
paperdocumentsexpecting handwritteninput. A model

file describeghe structureof a documentand providesthe
context knowledgenecessaryor handwritingrecognition.
Moreover, it containgnformationabouthow therecognized
data should be processedijncluding its final destination.
A uniquelD printed on eachdocumentspecifiesthe cor-
respondingmodelfile. Writers canaccesshe modelfile
of a documentvia the Internet, underthe numberspeci-
fied on the document. In practice,this meanscalling the
(phone)numberof a sener dispatchingmodelfiles, which
motivatesthe nameof the concept‘Callpaper”— a very
transparentonceptfor the writer. The Callpaperconcept
nicely supportsthe simultaneougyeneratiorof both paper
copiesand electroniccopiesof the samedocumentwith-
out imposingary additionalload on a writer. It thusin-
troduceghe benefitsof informationtechnologyinto paper
basedprocessesvithout affecting the traditionalworkflow.
Needlesdo say that handwritingrecognitionplaysa cru-
cial role here[5, 3]. However, the conceptis independent
of the hardwareemployed for capturinghandwriting. The
latesthardwaredevicesareableto capturehandwritingdi-
rectlyonpaperwhile retainingthelook andfeel of thecom-
mon pen-and-papeinterface. In fact, the latesthardware
featuresenablea multi-dimensionalpaperspacespanning
mary differentfeaturessuchaswriter positionandwriter
identification.

This paperis structuredasfollows: Section2 discusses
the adwantagesand disadantagesof paper Section3
presentdifferent hardware solutionsfor capturinghand-
writing on paper A client-sener implementationof the
proposedconcepts describedn Section4. Section5 illus-
tratesa typical applicationflow. Thelogical spacespanned
by modernhardwarecomponentss describedn Section6.
Section7 givesanoverview of our currentimplementation
status Finally, thelastsectionconcludeghis paperwith an
outlookonfutureplans.

2. Penand Paper

What are the adwantagesand disadwantagesof paper
whencomparedo the devicesof moderninformationtech-



nology?Thoughthis seemgo beaneasyquestionywe must
now admit that we have not answeredt properly during
therecentyears,consideringthe factthat mary of uswere
predictinganeverdecreasingaperconsumptiorcausedy

thetechnologicaprogressin fact, the advantage®f paper
have beengrosslyunderestimatedn particularwhenit is

utilized in combinationwith pens.Of coursethedisadwan-
tagesof paperareobvious: limited feedbackon userinput,

limited accessandsearchfunctions,slow transferet cetera.
And yet, papercombinesfeaturesthat no other hardware
device canoffer. Paperhasa high resolutionandis thus
pleasanto read.Papercanbe easilyfoldedandcrushed.it

is very cheap a factthat providesus with a strikingly sim-
ple way of deletingdata,namelydisposingold paperand
replacingit by new one. Papersupportsfastinput of both
textual aswell asgraphicaldata. Moreover, it doesnot re-
quire tediouseye-handcoordinationsincethe cursoris di-

rectlyunderthepentip. Henceit putslesscognitiveloadon

theuserthanthe commonmouseinterface.

Thelimited feedbaclkcapabilityis probablythe mostim-
portantdravback of papercomparedo hardware devices
trying to mimic its features,such as high-resolutionflat
screens. This limited feedbackcapability requiresdiffer-
entinterfacedesignsandcalls for hybrid solutionswith at
leastrudimentaryisual or auralfeedback.

3. Recording handwriting

It haslong beenpossibleto capturehandwritingon pa-
perby utilizing a standardligitizerlying beneathithe paper
However, thatis not quite whatwe want. We needa hard-
ware device that allows us to retain the look and feel of
paperwe are so accustomedo. And, of course,we need
on-line handwritingand not just a simple scanof an off-
line documentOn-lineinformationdescribeshe dynamics
of thewriting processproviding importantinformationfor
recognitionand segmentation. The ideal device would be
a pencapableof capturinghandwriting,recognizinghand-
writing, and sendingrecognitionresultsto the properdes-
tination via a wirelessinternetconnection. While thereis
little doubtthatthisis technicallypossible,t will still take
awhile beforewe will seesuchfunctionalityintegratedin a
smallandhandydevicelikeapen.Neverthelessthecurrent
hardware realizationsare alreadyvery impressve, though
they aremerelyapproximation®f this ideal. Whatwe will
definitelyseein the nearfuture arehybrid systemshatdis-
tributetheirfunctionsamongseveralcomponentsA mobile
phonein combinationwith a penattachedo the phonevia

awirelessconnectioris sucha hybrid solutionfor instance.

While the pencaptureghe handwriting,the mobile phone
transmitsthe (recognizedylataovertheInternet.

The following subsectionglescribethe currenttechni-
cal approache$or capturingon-line handwritingon paper

Notethatin orderto captureon-linehandwritingit is neces-
saryto capturenotonly relative coordinatedut theabsolute
positionof the pentip during writing. This is mainly be-

causethe systemwould otherwiselose the position of the

penonceit is lifted from the paper(pen-upmovement).
Thisdifficulty excludessomeof theexisting standardrack-

ing techniguessuchasmostof the techniqueaitilized for

trackingmousemovements. Moreover, we mustconsider
that paperitself is not a fixed mediumbut may alsomove

while the penwritesor hoversoverits surface.

3.1 Patterned paper

At the moment,the mostflamboyantbut alsomostcon-
troversialapproachfor capturinghandwritingis patterned
paper[1]. This approachis basedon a barely perceptible
patternprinted on all documentsallowing handwrittenin-
put. The patternsenestwo mainpurposesFirst, it assigns
a uniquecodeto eachpenpositionon the paper Second,
it allows an automaticidentification of the paper which
in turn enablesdocumentspecifichandwritingprocessing.
Technically the patternis a compositionof combinatorial
combination®f standardsub-patternsyhich areconstantly
readby a smallintegratedpen-cameravhile writing on the
paper While this techniqueoffersmary of the desiredfea-
turesthat a modernpen-basedlevice should possessthe
requirementof non-standarchaperis a major dravback.
In fact, mary peoplethink thatthis restrictionwill eventu-
ally preventthosedevicesfrom becomingmainstreamom-
nipresentools. Anyway, theconceppresentedh thispaper
(seeSectiond and5) is anappealingalternatveto thistech-
nigue, offering the samefeatureswithout the requirement
of specialpaper

3.2 Sensorclamp

This methodis basedn anarrayof sensorattachedli-
rectly to the paper[2]. Thesensorseceve signalsemitted
by the pen,while a processoutilizes thosesignalsto cal-
culatethe pen’s exact global position. Currently a combi-
nationof infrared and ultrasonicsignalsaretypically used
for this purpose.A sensorarrayattachedirmly to a sheet
of paperavoidsthe problemof papemoving underthe pen
tip. Also, it shouldbetechnologicallypossibleto integrate
the sensorarray directly into the cap of the pen. The cap
couldthenbe easilyremovedfrom the penandattachedo
the paper— a self-explanatoryand handyinterface. The
concepfpresentedn Sectiond and5 fits in well here.

3.3 Paper detectors

Thisis arelatively new methodwhosetechnicalfeasibil-
ity still needgo beproved,in particularin combinationwith



handwritingrecognition[4]. Theideais to recordhandwrit-
ing withoutary externalsensorsutsidethepen. Of course,
this posesa very challengingtechnologicabroblem.Up to
the presentday, no hardware device hasbeenable to de-
tectthe absolutepositionof a penon paper with the accu-
ragy neededby handwritingrecognition,without the help
of informationreceved from outsidethe pen. The techni-
cal realizationdescribedn [4] utilizeslasersto capturethe
positionof the penanddetectthe boundarieof the paper
Its technicaldetailsareout of the scopeof this paper Nev-
erthelessthe Callpaperconceptpresentedn the following
sectionsalsoharmonizewith this sophisticateédpproach.

4. Client-server architecture

The Callpaperconceptis basedon a client-sener archi-
tecturethatmanagesequestg$or context informationessen-
tial for theproperrecognitionandprocessin@f handwritten
documentsjndependenof the writer’s location. Roughly
speaking,the Callpaperframewnork provides a meansto
combine syntax and semanticsover a long distance. A
writer canenhancéandwritterdatawith semantiénforma-
tion by establishinga connectionover the Internetor local
areanetwork to theCallpapeisener. Thisbasicprincipleal-
lows automaticprocessingf handwrittendocumentswith-
out modifying the standardpen-and-papeinterface. Fig-
urel shavsthearchitecturef theCallpapeiconceptwhich

compriseghe following physicalandlogical components:

CallpaperCallpapersener, Callpaperlient,andCallpaper
model.

4.1 Callpaper

Callpaperis the nameof the paperthat, in combination
with a pen,canactasa computerterminal allowing usto
interfacecomputeravith justpenandpaper Callpapelis by
nomeansspecialpaper It is bestdescribedy thefollowing
handyformula:

Callpaper = Paper + ID + IT

In words, this formula statesthat every standardpaperis
a Callpaperaslong asit hasa uniquelD assignedo it
and a correspondingnodelfile accessibleover a network
(InformationTechnology).In particular this definitionim-
plies that Callpaperis a physicalobjectpossessingll the
adwantage®f paper

4.2 Callpaper server
The Callpapersener is basicallya large databaseon-

taining model files correspondingo Callpapers. Writers
canaccesshosemodelfiles storedonthesenerundertheir

uniquelDs. Uponreceving a requestor a specificmodel,

thesener dispatcheshe modelfile to the client site,where

it provides context information essentialfor handwriting

recognition.Dependingonthesener'simplementatiorand

the type of models,handwriting recognitionmay also be

performedon the sener side. In that case the sener does
not only receve requestdor modelfiles but alsohandwrit-

tendataon which it performscomplex handwritingrecog-

nition tasksaccordingto the modelfile. For the writer, a

requesfor a papermodelis straightforvard. He just needs
to call a Callpapers uniquelD to accesghe corresponding
modelfile, which is thenreceved by the Callpaperclient

overthelnternetor LAN.

4.3, Callpaper client

The Callpaperclientis thesoftwarethatmanagesheun-
derlying communicationwith the Callpapersener on the
client site. Accordingly, oneimportanttaskis to download
andinterpretmodelfiles. Furthermoretheclientrecognizes
handwritingon a documentaccordingto the specifications
given in the documents modelfile. It alsoprocesseshe
final recognitionresultand/ortransmitsit to thefinal desti-
nation,asspecifiedn themodelfile.

TheCallpaperclientisimplementectitherdirectlyin the
pen,orin amobilephoneconnectedo thepenvia awireless
connectionor in a desktopcomputer However, giventhe
currentstate-of-the-arthe phone/pen-combinatida much
smallerandcheapeto realizethana singlependevice fea-
turing the samefunctionality. Dependingon the hardware
realizationtheclientmayoffer arudimentaryuserinterface
andsupportsimplefeedbackwith anLED or a spealer.

4.4. Callpaper model

Callpapemodelsdescribethe meaningandstructureof
a documentand provide instructionsfor recognizingthe
handwritteninformationthereon.The datacontainedn the
modelfile is especiallyneededor mappingcapturedooints
generatedy a pendevice from the physicalspacento the
logical spaceof a document.lt is this mappingthatallows
usto usestandardpaperfor interfacingelectronicdevices.
In additionto this,amodelfile containscontet information
abouthow a document recognizechandwritingshouldbe
processedSomeinformationsa modelfile canprovide are,
for example:

e Papertype: form, drawing paper blankpaper-...
e Paper accesspapervalidity, expirations,privacy, ...
e Documentfields: namesnumberssignatures,..

e Consistencychecks: datessums,ordernumbers, ..
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Figure 1. Callpaper architecture .

e Recipientaddress:emailaddressfax number...

e Transmissiontype: email,fax, ftp, ...

5. Application flow

The Callpaperconcepibffersastrikingly simpleway for
awriter to enterhandwritten paperbasednformationinto
an electronicdevice, and thusto bridge the gap between
paperworld and electronicworld. Let us assumehatthe
writer usesa pen/phonehardware combination. The pen
capturesthe handwriting utilizing one of the above men-
tionedtechniguesindis attachedo the phonevia awireless
connectionsuchasBluetoothor infrared. Furthermorelet
usassumehattheclient, i.e. the phone,is capableof per
forming all necessarfrandwritingrecognitiontasks.Then,
for the writer, accessingCallpaperfunctionality is hardly
more than a simple phonecall. For instance,sendinga
handwrittenCallpapervia email to a recipientconsistsof
threesimplesteps:

1. Calling the server: First, the writer dials the paper
ID printed on the paperto call the Callpapersener.
Thesener searchethe correspondingnodelfile in its
databasandreturnsit promptlyto thewriter.

2. Writing the paper: In thesecondstep thewriter pro-
ceedsasnormal: He writes the documenthaving the
look andfeel of normalpaper while the penis simul-
taneouslycapturinghis handwriting.

3. Sendingthe data: Finally, the handwritingis recog-
nized andthe recognitionresult sendto the recipient

accordingto the specificationgjivenin the modelfile.
Thewriter cantriggertherecognitionandtransmission
of handwritingby eitherwriting a specialgestureon a
positiondeterminedn the modelfile, suchasa signa-
ture,or just by pressinga button of the mobile phone.

6. Multi-dimensional Callpaper space

A nice featureof the Callpaperconceptis that paperis
no longerconfinedto two dimensionsin combinatiorwith
moderninformation technology paperbecomesa multi-
dimensionakpace.For instance a combinationof penand
state-of-the-artellularphonewith integratedGPSrecever
cansupportthefollowing features:

Writer position(2-dimensions)
PenPosition(2-dimensions)
CallpapernD (1-dimension)
Writer ID (1-dimension)
PenID (1-dimension)

Time (1-dimension)

+ + + + +

> 8-dimensionalallpaperspace

Thesefeaturesexpandthe two-dimensionahyperspacef
thewriting planeinto aneight-dimensionaspace.This ex-
pandedspaceextendsthepossibilitiesof documentinalysis
and offers a wide rangeof new applications. It leadsto a
bettercustomizationof documentprocessingconsidering
in moredetailthe specificrequirement®f customersn dif-
ferentlocationsandervironments.



<Paper Mbdel Type="Milti pl eChoi ce"

Mul ti pl e="No" Transaction="Enmil"

Reci pi ent ="webmast er @al | paper. com’ W dt h="105" Hei ght ="88"
POX="0" POY="0" P1X="105" P1Y="0" P2X="105" P2Y="88" P3X="0" P3Y="88">

<Ti ckFi el d Fi el dName="Cption A" ULX="87" ULY="
<Ti ckFi el d Fi el dName="Cption B" ULX="87" ULY=
<Ti ckFi el d Fi el dName="Option C' ULX="87" ULY=

<Acti onFi el d Fi el dNarme=" Send"
</ Paper Model >

1"
"1g"
" 36"
ULX="0" ULY="0" LRX="15"

LRX="101" LRY="18" ReturnString="- A -">
LRX="101" LRY="36" ReturnString="- B -">
LRX="101" LRY="53" ReturnString="- C-">

LRY="88" Action="emmil">

Figure 2. Simple Callpaper model file.

7. Implementation

Our strat@y is to startwith simpledocumentsequiring
manageablbéandwritingrecognitionor noneatall andthen
extendto morecomplex papers Oddly enoughplankpaper
hasthe highestcompleity in this respectsinceit provides
the leastcontet information for handwritingrecognition.
Accordingly, the first implementedCallpapershave been
simplemultiple choicetests.Figure2 shovsasimplemodel
file correspondingo a multiple choice documentwhose
ticked answersare sendby email to a collector The syn-
tax of this modelfile is akin to standardHTML or SGML
syntax. Thefirst line specifieshe papertype andotheres-
sentialattributes, suchasthe addressf the recipientand
the type of transaction. The attribute “Multiple” specifies
whethermultiple ticks areallowed for this multiple choice
testor not. Thisallows consisteng checksby the Callpaper
clientlateron. Moreover, thefirst line containsthe coordi-
natesof four calibrationpointsnecessarfor calibratingthe
pen’s coordinatespaceso thatit matcheghe logical paper
space.A calibrationmode,which is automaticallystarted
directlyafterdownloadingthemodelfile, requireshewriter
to tap four pointswith the pentip, onein eachcornerof
the paper The capturedpoints arethen matchedwith the
modelpoints,utilizing alinearnormalizatiorof translation,
rotation,andscaling. Mathematicallyonly threepointsare
neededor this purposeandthe fourth point senesjust as
a control point reducingthe effect of impreciseuserinput.
Themainbody of the modelfile in Figure?2 is alist of tick
field specifications Eachspecificationdescribeghe upper
left and lower right point of atick field’s boundingbox in
coordinate®f thelogical paperspaceA returnstringatthe
endof eachspecificatiorcontainghetext thatis sendto the
recipientvia e-mailin casethefield is ticked by the writer.
Thelastline of the modelfile specifieghe so-calledaction
field. By simplyticking this actionfield, thewriter cantrig-
ger the processingpf handwritingand the transmissiorof
its recognitionresultto therecipient.

In the presentlient-sener setup the client performsall
processingand handwriting recognition, while the sener
acts mainly as a file sener for model files. At present,
the client runs on a desktopcomputer However, it offers
merely basicinterface functions, suchas simple acoustic

feedback,to emulateits applicationin a small hand-held
device like apenor aphone.

8. Outlook

The complexity of Callpapersrangesfrom merehand-
written ink transmissiorto blank paperwith sophisticated
handwritingrecognitionand documentanalysis. Accord-
ingly, the next stepsare to increasethe compleity, and
supportthe full spectrumof Callpapers. More complex
documentsllow highly sophisticatedransactionsriggered
by just writing on paper Integratingmore powerful hand-
writing recognitionwill increaseahelevel of automatization
possible,similar to the developmentin postalautomation,
which startedwith printed characterecognitionand later
extendedo cursive handwritingrecognition[5, 3].

The calibration methodin our currentimplementation
canprobablybe mademoreuserfriendly. For instancejn-
steadof tappingcalibrationpoints, the writer could copy a
singlecalibrationmark printedon the paper Anothervery
appealingsolution of the calibrationproblemis a camera
integratedin the sensorclampattachedo the paperthough
this requiresadditional hardware. The cameraautomati-
cally matchesa calibrationmark with the specificationin
the modelfile whenever the writer attacheghe clampto a
designategboint on the paper

A specialfocusof thefuture work lies onthe generation
of modelfiles. Softwaretoolsassistingn generatingnodel
files for existing documentsill allow usto easilyenhance
today'sdocumentsvith Callpaperfunctionality.
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