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ABSTRACT

Methodsfor embeddingarbitrarydigital datawithin aniconic representationf a documenpageimageare
summarized.The resultof the encodingis a smalliconic imagecontainingthe iconic dataassmallrectangular
blocksof pixels,alongwith amixture of reducedlocumentmagecomponentsuchasgraphicstext andimages.
As afirst stepin ensuringdatarecovery, theencodewerifiesthattheiconicimagecancontaintheentiremessage,
andthatit canbe decodectorrectlyfrom the noiselespre-printingimage.

To retrieve the messagethe datamust be separatedrom the other componentsn the iconic image and
decoded.The decoderis assumedo have no prior informationaboutthe location of datawithin theicon, the
encodingchanneldn whichit is encodedpr othermeta-dataaboutthe messagesuchasthe sizeor theamount
of errorcorrectionencoding.Therearethreemajor stepsin the decodingprocesssegmentationto identify and
serializethedatablocksn theicon; measurmemf encodingparametersncludingdeterminatiorof theencoding
channelsandextractionof the message.

Errors can be introducedinto the decodingprocessat a numberof places,andit is necessaryo provide
mechanismgor detectingand correctingthem. For the parametersisedhere,datablocksdrom iconsgenerated
at reductionsof up to 7x arerobustly decodedanderrorfree messag@ecodingis typically achiesed for icons
derivedfrom arbitrarypagesof scannedlocuments.

Keywords: embeddedligital data,machine-readabléata,iconic data,iconic, thumbnail,Datalcon watermark-
ing, imageseggmentationdocumenimaging,pagesegmentationdatasynchronizationgdataencoding.

1 Introduction

Machine-readabldatacanbe placeddirectly onadocumenin avariety of ways,which canbe classifiedby
their degreeof visibility. One-andtwo-dimensionabarcodesrehighly visible oninspection.At the otherend
of the spectrumgdatain watermarkds hiddenwithin elementsf the documenthatwould appeawirtually the
samein its absenceBetweentheseextremes datacanbe placedwithin a visible graphicelementin suchaway
that, on casualinspectionthefactthatthe graphicincludesmachine-readabldatais not obvious. Oneexample
is Xerox DataGlyphs, which have the appearancef a uniformly stippledregion, particularlywhenthe marks
(typically ellipsesorientedat +45 deg) areseparatedb)ilessthan 0.020inches.Anotherexampleis iconic data,



Encodingand Dataembedding Bytesstored

Formatting #1 | #2 | #3 | #4 | #5| #6
Block-by-block,sequential| 3 bits/datablock| 391 | 190 | 310 | 182 | 90 | 218
Block-by-block,sequential| 2 bits/datablock| 429 | 208 | 338 | 199 | 97 | 241
Block-by-block,line-synch| 3 bits/datablock| 346 | 168 | 285 | 156 | 74 | 203

Table1: Data storage of exampleicons,usingvariousdatablo& encodingandformat-
ting methodsand parametes.

wherethe graphicelementcontainingthe dataresemblesa highly-reducedhumbnailof a pageimage? This
paperconcerngnethoddor extractingsuchiconic datafrom scannedmagesof the graphic.

Iconictext, in theform of “papericons; wasfirst describedy Peairswho generatec reducedconic repre-
sentatiorof a pageimageby replacingthetext charactersy their filled boundingrectangle$. After rescanning
the printedicon at high resolution the numberof characterén eachword wascountedyielding a signaturethat
could be mappednto anindex in a databas®f documents.Recently it wasshavn thatarbitrary digital data
could be written into the text regions of thumbnailswithout significantly compromisingthe appearanceyhen
printedat 300 ppi, asthatof a reducedpageimage® We call this objecta Datalcon. An importantpropertyof
the Datalconis thattheiconic datacanbe extractedusingcorventionalscanningequipmentalsoat 300 ppi.

This paperfirst reviews the salientfeaturesof the methodsor embeddingarbitrary datawithin text regions
of thumbnailsandthendescribesn somedetailthemethodghatcanbeusedto extractthe data. Someexamples
of applicationsof iconic text datahave beengiven previously 3

2 Review of Iconic Data Encoding

Datais encodedn the reducedpageimagewithin the regions of text that are roughly between8 and 12
pointsatfull resolution.Rectanguladatablo&sin the Datalcon,correspondingo typical word sizesat reduced
resolution,areused.

2.1 Encoding process

In thefollowing, for simplicity, we encodedataonly in the lengthof the datablocksymbols;however, data
canalsobe encodedn the lengthof the spacedetweendatablocksandin the absoluteor relative locationsof
thetop andbottomedgesof the datablocks.Theresultis a quasiiconic representationor quasiDatalcon that
resembles thumbnailof the original image,andwe referto it in thefollowing simply asanicon. Fig. 1 shavs
examplesof thumbnailsandicons, all at 6x reduction. For eachline of smalltext in the thumbnail,a line of
datablockds generatedn the icon, with threebits encodedn eachdatablock. The spacedetweendatablocks
are adjustedto be equalwithin eachline, andto causethe datablocksto spanthe sameline lengthasin the
thumbnail. The byte capacitieof theseiconsaregivenin thefirst row of Tablel. Whentwo bits areencodedn
eachdatablock byte capacitiesarelarger by about8 percent{dependingn the textline width), asshawvn in the
secondow. However, with only 4 differentlengths theappearances judgedto be somavhatless“text-like”
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Figure 1. Sixexamplesof thumbnailsandicons,at 6x reduction. The samemessge is

storedin ead icon. Threebits of dataare stored in ead datablod within the
icon.



If a pageimagedoesnot have suficient regions of small text to encodethe desiredmessagea stylistic
iconicrepresentationor stylisticDatalconmaysufice. Thesearesimilarto genericiconsusedin graphicaluser
interfaces,andrepresent classof documentgatherthanthe look of a specificone. Stylistic representations
aremucheasierto encodeanddecodethanquasirepresentationgecausehelocationof the regionscontaining
datablockss known in advance.They canbe usedasa defaultin situationswvhereit is not practicalto generatea
guasiDatalcon.In the following, they will notbeconsidered.

For quasiDatalconsthe datablocksareplacedin lines calledblodklines thatvisually simulate“textlines” in
thethumbnail. Theblocklinesarefurthergroupednto iconblodks which correspondo textblocks. Encodingthe
messagelatawithin anicon proceedsn thefollowing steps:

e Deslew. Thefull resolutionimageis deslkewed.
¢ S@mentation Regionsof median-sizedext arelocatedandordered.

¢ Thumbnail.A reducedmageis madeatthe choserreductionfactor andtheregionswhereiconic text will
begeneratedremasledout.

¢ Message prepamtion. Error-correctioncoding (ECC) bytesare appendedo the input messageand a
header consistingof at leasta start code, the input messagesize, and the numberof appendedarity
bytes,is prependedTheappearancef theencodedlatablocksanberandomizedy XOR encryptingthe
messageTheresultis thenreplicatedasmary timesasnecessaryo fill the spaceavailablein theicon.

e Datablodk geneation. The preparednessagés encodedhsdatablocksn theicon,accordingo thechosen
method.

Segymentationis a subsetof the layout analysisusedfor documentimage summarizatior?, with different
algorithmsfor textblock sieving and ordering. A linear (or systematic)Reed-Solomorblock ECC is used
becauserrorsareexpectedo occurin bursts,dueto temporanfossof synchronizatiomuringdecodingandwith
suchacodethe parity bytesaresimply appendedo the messagéytes.To convert from the messagéytesto the
sequencef datablockstwo encodingmethodshave beendescribedIn blodk-by-blo& encodingafixedamount
of datais placedin eachdatablockthe amountof dataencodedn a givenline lengthwithin theicon depend®on
the data. In run-length-limitedencoding,analogougo RLL encodingusedin storagesystems, constraintsare
placedon the minimumandmaximumdatablockengths,andthe coderateis nearlyconstant(The coderateis
weakly datadependenbecaus®f the spacghatmustbeinsertedbetweerdatablocks.)

Other detailsof the encodingprocessexceptfor synchronizatiordetectionand recovery, are given else-
where? Oncetheiconis generatedi shouldbetestedor readability usingthe decoderBecause¢he datablocks
in the generatedcon are noiselesssuccessfutlecodingdoesnot guaranteghat the messagean be extracted
from a printedandrescannedton. However, for the encodingparametersisedin theiconsshavn here givenin
Table2, we have foundthatif the noiselesscon canbe successfullydecodedthenaniconthathasbeenprinted
andrescannedht 300 ppi is nearly always readable. The reasonis thaticonic segmentationof noiselessand
scannedconsis usuallyidentical.

2.2 Maintaining synchronization

In the decodingprocess,syndironizationis the correctnumberingof the bytesin the message.Even a
small sggmentationerror can causeloss of synch,which can quickly exhaustthe error correctingcapability



Print resolution 300ppi
Scanresolution 300ppi
Iconreduction 6X
Encodingmethod block-by-block
Datablod channelembedding datablockwidth: 3 bits/datablock
Minimumdatablo& length 3 pixels
Minimuminter-datablo& space 3 pixels
Datablok lengthquantizationincrement| 3 pixels
Datablodk formattingmethod sequential
Blodckline constaints none

Data constaints asciiencoding
Parity bytes 4

Table2: Parametes usedfor encodingcon examples.

Consequentlythe encodingprocessshouldinclude redundang that allows loss of synchto be identified and

synchto be quickly regained.We describewo methodghataredistinguishedy the low-level formattingof the

messagénto the datablocks.The encodercansetbits in themessagéeadetto indicatewhich of thesemethods
hasbeenusedfor theicon.

Sequentialscii formatting is a simple methodfor detectingloss of synch,that hasrelatively little added
redundang The binary messagés convertedto an asciirepresentationwherethe first bit of eachbyteis a 0.
During decodingthe byte framing canbe adjustedo minimizethe numberof insertionsor deletionsrequiredto
keepthesebits 0, alongwith theconstrainbntheknown total messagsize. A disadantageof thismethodis that
if therearemultiple insertionsand/ordeletions,it may be difficult to assigncorrectbyte numberingthroughout
themessageHowever, if the noiselessconis foundto be decodablethis methodshouldbe satishctory

Line-synb formattingtypically hasslightly greateredundang (overhead)but it is morerobustfor limiting
errorsdueto lossof synch,andshouldbe usedif sequentiahsciiformattingfailsto make areadablécon. In this
method,the datablockencodingis constrainedo have anintegral numberof completebyteson eachblockline.
Consequentlythereis no reasornto useascii data. The extra bits in the blockline, which vary from 0 to 7, can
be usedto indicatethe byteindex within the messag®f thefirst bytein the blockline. For example,if thereare
n < 8 extrabitsin theblockline,they areencodedasthemessagéyteindex modulo2™. (Theextrabits canalso
indicatethe blockline index in the messageagainmodulo2™.) In the encodingprocessthe lengthin pixels of
eachblocklineis first specified.Datais filled into the blockline,andthe lastdatablockthatcompletesa message
byte may containextra bit(s) that constitutepart of the index. It mustbe verified that this datablockwith the
correctindex bits fits into the blockline. If it doesnot, onelessmessag®yte mustbewritten into the blockline.
Also, for the casewherethe blockline is too shortto containa single messagdyte, the goalis to encodethe
index of the first messagdyte of the previous blockline. If the blockline is not to remainblank, this requires,
ataminimum,asingledatablock.If the pre-allocatedpaces too smallto hold the correctdatablockthe space
mustbeincreasedLik ewise,if the spaces too smallto hold thefirst two datablocksit canonly hold one.Thus,
for very shortblocklines,the pre-allocatedvidths mustbe taken as hints, and the actualblocklinesmay end
up eithera little wider or narrawver. Thethird row of Table 1 givesbyte capacitiesof the six iconswhenusing
line-synchformatting. The capacityis comparabldo thatof sequentiaformatting(first row) if oneincludesthe
dataexpansionthatoccurswhengeneratingasciifrom binary



3 Iconic Data Decoding

Thereis a performancasymmetnbetweerthe encodinganddecodingsggmentersTheencodingsegmenter
hasmorevariableinputdata,butif it missessometext regionsthatwould have beerfair candidategor embedding
data, the systemdoesnt fail—it just becomedessefficient in datastorage. On the other hand,the decoding
sgmenteris searchingor the icon datablocks.Thesearehighly regularimagecomponent@andrelatively easy
to locate,but it mustreliably find mostof them.

Therearethreemajor stepsin the decodingprocess.Thefirst is to identify the datablocksandtheir orderin
theimage,andwe usetwo distinctsegmentatiorsteps.The secondstepis to measurehe datablocksaandspaces
to determinehow datais encodedandto find the codingparametersPart of this stepis the assignmenof coded
bits to the datablocksandspacesThethird stepis to extractthe messageincluding meta-datdhatis necessary
for decoding.

3.1 Decoding segmentation

As with encodingthefirst stepin decodings to deslkew theicon. Thisimprovesbothsegmentatiorandmea-
suremenbf the datablocksandis carriedout by the standardnethodof maximizingthe varianceof differential
line pixel countsums! atthefull scanresolutionof theicon.

Next, theiconis scaledo astandardsize,which we take to beexactly 6x reductionat 300 ppi scanresolution.
This simplifies segmentationbecauséehe analysisis performedat constantesolution,50 ppi, regardlesof the
sourceof theiconicimage.Segmentatiorthenproceedsn two steps:.coarseandfine.

Coarsesggmentatioris acombinatiorof sieving andgrouping.Componentshatarenoticonic datablocksre
progressiely removed (sieved), but atthe sametime logical groupingsof datablocksblocklinesandiconblocks
consistingof severalblocklines,areidentified. Sieving andgroupingaredonetogethetbecause¢hey arecomple-
mentary eachaiding the other Componentemoval proceedsonseratively, leaving the decisionfor removal
of ambiguousstructuredo fine sgmentation.In fine sggmentationthe microstructureof the pixels composing
eachidentifiedblockline is examined. Determinationis madeon a line-by-line basis:if the component®f the
line arenot sufiiciently solid, theline is removed. Theresultof sggmentatioris to groupandorderthedatablocks
into iconblocks eachof which consistof severalblocklines.

We shaw two examplesof the segmentatiorprocesstakenfrom icon examples3 and4 in Fig. 1. Theseicons
werescannedat 300 ppi, andthe resultingnoisy iconsareshovn magnifiedabout2x in Fig. 2. Segmentation
resultson examples3 and4 aregivenin Fig. 3 andFig. 4, respectiely. Framereferencesn the following areto
thesefigures.Framel shavs the scannedcon at actualsize(6x reduction).

3.1.1 Coarsesegmentation

Coarsesgmentationtakes placein threephases.In Phasel, imageand large graphicpartsare remaoved,
leaving iconic text (datablocksindothercomponentsuchasreducedext andrules.In Phase2, theiconblocks
areidentified by carefulmeiging andsomeof the noisecomponentsare discarded.In Phase3, operationsare
doneseparatelyon eachiconblock,in orderto avoid meging them. Small holesarefilled, noiseis removed,
andthe squared-upconblocksare placedin the correctorderfor readingthe datablocks Binary morphological
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Figure 2. Scannedcons: theseare examples3 and4, scannedn fromFig. 1

operationsare usedextensvely for coarsesegmentation. Brick structuringelementsare denotedby “width x
height”; e.g.,open(3x1)s a horizontalopeningof width 3.

A verticalwhitespacanaskis usedto maintainseparatiorof laterally-adjaceniconblocks.But a horizontal
whitespacemask, which would tendto split iconblocks,cannotbe usedto avoid meging vertically-adjacent
iconblocks. Thus, large vertical closingsor dilationsmustbe avoided beforethe third phasewhereiconblocks
arehandledseparately Generatiorof the vertical whitespacanask(frame 3) is part of Phase2, but it is done
first for corvenience,usingthe sequence:close(3x1),bit inversion,and open(1x50). The first small closing
reduceshe ability of the maskto breaktext blocks, andthe large vertical openingextractsthe critical inter
columnseparatorsSmall additionalclose/openingsanbe usedto remove foregroundandbackgrounchoisein
themask.

Next is Phasel, wherethe image and large graphic partsare remaoved from the icon (frame 2), by first
solidifying frame 1 using a horizontalclose/open(3x1)andthenremoving ary componentith heightof 10
pixelsor greater

Phase2 continuesby conseratively weakingthe remainingnon-datablockparts,using a sequencef two
smallopenings.open(2x1)open(1x2).Thisis followedby a close(15x1Yo solidify the blocklines,andremoval
of narrav componentgnoise)usingopen(5x1). The horizontalclosingwaslikely to join adjaceniconblocks,
sothe whitespacemaskis subtractedo restoretheir separatiorasiconblocksrepresentingadjacentcolumnsof
text (frame4). Componentghataretoo tall (> 8 pixels), too short(< 2 pixels), or too narraw (< 3 pixels)
areremoved (frame5). The blocklinesare next connectedvertically into iconblocks,using close(1x9),and
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Figure 3: Sgmentatioropemtionsfor example3, startingwith thescannedmage onthe
leftin Fig. 2.
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Figure 4: Sgmentatioropeiationsfor example4, startingwith thescannedmage onthe
rightin Fig. 2.




ary remainingthin lines are removed (frame 6) using open(3x3). The connecteccomponentsare identified,
completingPhase.

In Phases, all operationsaredoneseparatelpniconblockcomponentsavoiding furtherinteractiondetween
them.Thosecomponentshatarevery short(< 11 pixels)areremoved,andsmallverticalgapsin theremaining
onesarefilled (frame7) usingclose(5x1).lconblockcomponentshataretoo narrav (< 60 pixels)areremoved,
andtheremainingonesaresolidifed (frame8)usingclose(1x20).

Frame9 shavs the iconblock masksafter they have beensquaredup, and after ary smallerones,thatare
essentiallywithin theb.b. (boundingboxes)of largerones have beenassimilatedThe squaringup processden-
tifies thecomponentshatconstitutethe differencebetweertheiconblockmaskandits boundingbox. If eitherof
two tests,usinga pre-determinedength . = 50, succeed®n a componentijt is “added”to theiconblock,thus
helpingto squaret up. Thefirst testrequiresthe b.b. areaof the componento exceedZ? andthe component
to berelatively square The secondestallows the componento be smaller with areaL? /4, but requiresthatat
least75 percentof the pixelsin the b.b. be ON. The highesticonblockin frame9 of Fig 3 is not derived from
iconic data,andwill beremoved later An assimilationstepis usefulto repairiconblocksthat may have been
accidentallybrokenin the early stagef segmentation.

Framel0 shavs the iconblocksremainingafterthosecontaininglessthan3 blocklineshave beenremoved.
Theresultof coarsesggmentatioris visualizedin Framell, which shaws slightly dilated(2x2) iconblockmasks
thathave beenXOR’d with the scannedcon (frame1l).

Finally, theiconblocksareorderedjn strict column-majororder usingthe sameorderingalgorithmthatwas
usedon the original imagefor encodingicons. Iconblockprecedencés determinedoy the (x,y) locationof the
upperleft corner Iconblockswhosex valuesarewithin 8 pixels aresortedbasedon they value(e.g.,from top
to bottom); otherwiseby x. The distanceof 8 pixels is chosento groupiconblocksfrom typical icon images
transitively into columns.Theorderediconblocksareshovn in framel2.

3.1.2 Finesegmentation

Fine sggmentationcontinueson eachiconblockin isolation. Within aniconblock,componentghatarefar
too smallto be datablockge.g., with width < 3 pixels or height< 2 pixels) areremoved, andthe remaining
componentaresortediwo-dimensionallyin row-majororder(i.e., into blocklines). Theneachline of datablocks
is analyzedto determineif it is iconic data. Two criteria are used. First, to remove horizontalrulesthat have
fallenthroughthe coarsesieve, noneof the datablocksanexceeda maximumwidth. Secondto eliminatetext
regionsthatwerenotdatablocksn theicon, the pixelswithin eachdatablockshould,in theaggreyatefor theline,
occupy atleast70 percentof thetotal datablockb.b. area.

Framel3 shavs the individual datablocksexpandedo their circumscribingrectanglesthat passedhrough
the coarsesggmentation,andframe 15 shavs the remainingimagecomponentsn the icon. Finally, frame 14
shaws thosedatablocksthat qualified as actualdataaccordingto the fine segmentationsieving criteria given
above.



3.2 Datablock analysisfor encoding parameters

Thedatablocksn eachiconblockareanalyzedo determinghequantizatiorievelsthatobtainfor datablocks
within thisiconblock. Thefirst stepis to estimatethe size of eachdatablock andthe channelin usehereis the
width of the datablock Whenthe datablocksaareencodedvith lengthquantizatiorincrementessthan5, theb.b.
width doesnotprovide sufiicientaccurag. Insteadthebitmapof eachdatablocknustbeexamined.To determine
the width of a datablockthe top andbottomrows arediscardedandaveragelocationof left andright edgesof
theremainingrows is found. In computingthis average outliersarediscarded For the left edge,anoutlieris a
row thatstarts2 or morepixels to the right of the leftmostrow, andsimilarly for the right edge. (Likewise, to
determinethe height,thefirst andlastcolumnsarediscardedandthe remainingcolumnsareanalyzedo getan
averagepositionfor thetop andbottomof the datablock.)

The datablockwidths are corvertedto integersin units of 0.1 pixel, anda histogramof the widthsis con-
structed,using overlapping buckets without normalization. To find reliable maxima, the histogramis then
smoothedwith a windowv width of about1.0 pixel, considerablysmallerthan the expecteddistancebetween
peaks.Individual datablocksareassignedo the setrepresentetly the nearesmaximum.

A typical datablockwidth histogramfor aniconblockis shavnin Fig. 5. Thisraw histogramshavs thateach
of the eightdatablocksetsis composedf a subsesetof approximatelthreepeaksrepresentingvidthsthatare
separatedby 5 units, correspondindo exactly half a pixel. The largestpeakin eachof the subsetoccursfor
widths that are exactly factorsof 3 pixels apart: 3, 6, 9, ... 24), which arethe widths of the datablocksn the
idealicon. The satellitepeaksmostly representarger widths, by up to onepixel, indicatingthatthe processof
printing andrescanningendsto increasethe datablockwidths. The eight subsetsarewell-separatedrom each
other sotheraw errorratedueto placinga datablockin the wrong setshouldbevery low. Thisis becausave
useda quantizationincrementof 3 pixelsfor encodingdatablocks.t is clearthata quantizatiorincrementof 2
pixelsis too smallto be usedrobustly for binary scannedcons.

The representate width for eachof the eight setsis found by makingtwo convolutionson the data. In the
first, ahistogranof overlappingbinsof width 9 units,is constructedrom theraw data.Thewidth is choserto be
large enoughto containtwo of the subpeaksbut not three. This histogramis not normalized to avoid roundof
error It is thencornvolved with a smoothingwindow, alsoof width 9 units. The overlappingbin histogramand
thesmoothedrersionareshavn in Fig. 6.
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Figure 5: Histogram of datablo& widthsfor a typicaliconblok. Each peakrepresentsaa
subsebf databloks that were measued to havewidthsat half-integral pixels
(five 0.1 pixel units).
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Figure 6: Unnormalizeddatablo& width histagrams. Theoneon theleft is derivedfrom
the raw data, using overlappedbins of width 9 units. Thisis thensmoothed
usinga windowof width 9 unitsto givethe histagram on theright, fromwhich
the maximafor eat setare located.

3.3 Message extraction

Foreachiconblockin theorderedsequencahedatablocksresequentiallyexamined blocklineby blockline,
and assigned3-bit message/alues. This raw messagaypically hassyncherrorsdueto occasionainsertions
or deletionsof datablocksand, aswe have seen,only rarely to a mis-assignmenof the messagevalue for a
datablock.

As describedn Section2, the messageanustbe redundantlyencodedo identify and correctsyncherrors.
Redundangis appliedin threeways:

1. Within themessageajsingeCCandoptionallyasciiencoding.
2. Usingmessageepetitionswith a unique3-bytestartsequenceo identify the beginning.

3. Optionally synchingthe bytesto theblocklines,andencodingoyteindices.

After each3-byte startsequencethe messageize and numberof ECC parity bytesis encoded.Appendingn

bytesof ECC allows correctionof anyn /2 bytes,or up to n erasue bytesthat canbe selectechearlocations
in the messageavherebit synchronizatioror datais believed to belost. The two approacheso identifying and
correctingsyncherrorswerebriefly describedn Section2.2.

The actualmessagés derived from the decodedmessagdry XOR decryption,followed by corversion, if
necessaryfrom the encodedascii backto an original binary message Note thatif asciiencodingis used,the
XOR key mustalsobe composedf a sequencef asciibytes.



4 IntheLimit: Small Datal cons

Theexamplesgivensofar have all beenof iconsat 6x reduction.This is a corvenientsize,bothfor allowing
a personto readthe large non-iconictext andrecognizethe documentandfor robust machinedecodingof the
iconic data. The questionnaturallyarises:how muchsmallercanmachine-readablguasiiconsbe made,still
assumingprint andscanresolutionsof 300 ppi? The shortanswelis: assmallasanyonewould want. Consider
two typesof quasiicons:

1. Linefaithful. All exampledo this pointareof thistype. Eachline of text in thethumbnailis geometrically
registeredwith a blockline of iconic text.

2. Line free Thetextblocksin the thumbnailareloosely mappedto iconblocksin theicon. In particular
encodingdatablockparameterarechoserwithin theiconblocksfor decodabilityandblocklinesarefreely
constructedvithoutreferenceo thetextlinesin thethumbnail.

QprINION

X T
i OPINTON

Was Sobal's Houx Justulwd?
.

W3 Solal's Houx Justified? \

| Oriviun
W x Subal v Hom ol

......

:s
E

Hn
if
Ll
I
lu

e
i
i

i
il
l
|
(]

!

e e A A . T

i A

— —

"
ﬂlt

i Wit

In“
Eiwilil

Figure 7: Scannedconsfromexamplel of Fig. 1. Thesewere geneatedat reductionsof
7x,8x and 9x, andare shownmagnifiedappoximately2x.

Fig. 7 shaws line faithful 7x, 8x and9x iconsafterrescanningat about2x magnification.They arederived
from thedocumenof examplel of Fig. 1. Theamountof raw datastoredin thesethreeiconsis 325,281and243
bytes respectiely. Thestoreddatadecreaseapproximatehlinearly with thereductionfactor becaus¢hewidth
guantizatiorincrementandminimumdatablockwidth areattheir minimim allowedsizeof 3 pixels. The7x and
8x iconsarereadilydecodablebut the 9x icon s difficult because large numberof the datablock$have meiged
vertically Decodingthis icon requiresdifferentmethodsfor sggmentation parameteestimationanddatablock
decoding.n particular no assumptiorcanbe madethatthe datablocksareseparateonnectedcomponents.

Fortunately it is not necessaryo solve this hard problem. Instead,icons shouldbe designedso that no
datablockmeging occursafter scanning. A reasonableriterion is that 3 pixels of white spaceare typically
maintainedbetweerblocklines(with somenoisepixels allowed in the gap). This is obtainedfor the 6x icons,
wheretheblockline centerto-centerspacings typically betweer? and8 pixels. Thexerographiagesponsef the



printerneedgo be consideredbecausevrite-blackprintersthicken lineswhereaswrite-white printersareeither
neutralor actto thin lines. The 8x iconin Fig. 7 hasa blockline centerto-centerspacingof betweens and 6
pixels, which happengo work for this icon but is too small for safety For anicon reductionof 8x or greater
line free quasiiconscanbe used,wherethe datablockheightandinterblockline spacingare constantghat are
choseraccordingto a conserative criterion suchasthatgivenabove. Thentheamountof storeddatadecreases
approximatelyasareaof theiconblocks;i.e., asthesquae of thereductionfactor

5 Summary

Methodsfor embeddingarbitrarydigital datawithin a Datalconaniconic representationf adocumenpage
image,have beenbriefly reviewed. To ensuredatarecovery, the encodemustfirst verify thatthe encodedconic
image containsthe entire messagendthat it canbe decodedcorrectly from its ideal pre-printingimage. If,
additionally the datablockgemainseparateafter scanningthe datashouldbereadableby the decoder

To retrieve the messagdrom a scannedcon, the datamustbe separatedrom the othercomponentsn the
iconicimageanddecodedThedecodeis assumedo have no a priori informationaboutthe datablockencoding
parametersr thelayoutof thedatablockavithin theicon. Theretrieval proces$asthreemajorsteps.Thefirstis
segmentationto identify andorderthedatablocksn theicon. Theseconds to measureheretrieved datablocks
andspacesin orderto determinein which channelghe datais encodedandto find the encodingparameters.
Thethird stepis to extractthe messageusingerror correctionandmeta-informationsuchasmessagsizeand
synchronizatiorindicators,asneeded.

Errors can be introducedinto the decodingprocessat a numberof places,andit is necessaryo provide
mechanism$or detectingandcorrectingthem. During segmentationregionsthatarenot datablocksareconser
vatively removed,iconblocksaregeneratedby carefullymeiging datablocksandareconsolidatedndependently
andafinal verificationis performedby analyzingthe shapeof the datablocksn eachblockline remainingin the
icon. Uniform encodingof datablocksandspacesllows extractionof robust parametersThe serialorderingof
extractediconblocksmustbe robustto small perturbationsn their location,becausexact spatialalignmentof
suchregionsbetweerthe original imageandthe scannedand possiblycopied)imageis not possible.A small
numberof byteerrorscanberemoved by addingeCC codingto themessageByte alignmentwithin themessage
mustbe maintainedthroughout,andtwo formatting methodsthat requireredundanencoding(byte alignment
on blocklinesandascii encoding)have beendescribed.To compensatéor uncorrectabldoss of synchroniza-
tion, multiple encodingswith unique start-of-messagmarkers are used. Data canbe reliably retrieved from
iconsof ary desiredsizeif thedatablockencodingparameterarechoserto be compatiblewith boththe printer
characteristicendthe scanresolution.
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