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ABSTRACT

Methodsfor embeddingarbitrarydigital datawithin aniconic representationof a documentpageimageare
summarized.Theresultof theencodingis a small iconic imagecontainingthe iconic dataassmall rectangular
blocksof pixels,alongwith amixtureof reduceddocumentimagecomponentssuchasgraphics,text andimages.
As afirst stepin ensuringdatarecovery, theencoderverifiesthattheiconic imagecancontaintheentiremessage,
andthatit canbedecodedcorrectlyfrom thenoiselesspre-printingimage.

To retrieve the message,the datamust be separatedfrom the other componentsin the iconic imageand
decoded.The decoderis assumedto have no prior informationaboutthe locationof datawithin the icon, the
encodingchannelsin which it is encoded,or othermeta-dataaboutthemessage,suchasthesizeor theamount
of error-correctionencoding.Therearethreemajorstepsin thedecodingprocess:segmentation,to identify and
serializethedatablocksin theicon;measurmentof encodingparameters,includingdeterminationof theencoding
channels;andextractionof themessage.

Errors canbe introducedinto the decodingprocessat a numberof places,and it is necessaryto provide
mechanismsfor detectingandcorrectingthem. For theparametersusedhere,datablocksfrom iconsgenerated
at reductionsof up to 7x arerobustly decoded,anderror-free messagedecodingis typically achieved for icons
derivedfrom arbitrarypagesof scanneddocuments.

Keywords: embeddeddigital data,machine-readabledata,iconicdata,iconic, thumbnail,DataIcon,watermark-
ing, imagesegmentation,documentimaging,pagesegmentation,datasynchronization,dataencoding.

1 Introduction

Machine-readabledatacanbeplaceddirectlyonadocumentin avarietyof ways,whichcanbeclassifiedby
their degreeof visibility. One-andtwo-dimensionalbarcodesarehighly visible on inspection.At theotherend
of thespectrum,datain watermarksis hiddenwithin elementsof thedocumentthatwould appearvirtually the
samein its absence.Betweentheseextremes,datacanbeplacedwithin a visible graphicelementin sucha way
that,on casualinspection,thefact thatthegraphicincludesmachine-readabledatais not obvious. Oneexample
is Xerox DataGlyphs,

�
which have theappearanceof a uniformly stippledregion, particularlywhenthemarks

(typically ellipsesorientedat
�

45 deg) areseparatedby lessthan0.020inches.Anotherexampleis iconic data,
1



Encodingand Data embedding 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,usingvariousdatablock encodingandformat-
ting methodsandparameters.

wherethe graphicelementcontainingthe dataresemblesa highly-reducedthumbnailof a pageimage.
�

This
paperconcernsmethodsfor extractingsuchiconicdatafrom scannedimagesof thegraphic.

Iconic text, in theform of “papericons,” wasfirst describedby Peairs,whogeneratedareducediconic repre-
sentationof a pageimageby replacingthetext charactersby their filled boundingrectangles.

�
After rescanning

theprintedicon at high resolution,thenumberof charactersin eachword wascounted,yielding a signaturethat
could be mappedinto an index in a databaseof documents.Recently, it wasshown thatarbitrary digital data
could be written into the text regionsof thumbnailswithout significantlycompromisingthe appearance,when
printedat 300ppi, asthatof a reducedpageimage.

�
We call this objecta DataIcon. An importantpropertyof

theDataIconis thattheiconicdatacanbeextractedusingconventionalscanningequipment,alsoat300ppi.

This paperfirst reviews thesalientfeaturesof themethodsfor embeddingarbitrarydatawithin text regions
of thumbnails,andthendescribesin somedetailthemethodsthatcanbeusedto extractthedata.Someexamples
of applicationsof iconic text datahave beengivenpreviously.

�

2 Review of Iconic Data Encoding

Data is encodedin the reducedpageimagewithin the regions of text that are roughly between8 and12
pointsat full resolution.Rectangulardatablocks in theDataIcon,correspondingto typical wordsizesat reduced
resolution,areused.

2.1 Encoding process

In thefollowing, for simplicity, we encodedataonly in the lengthof thedatablocksymbols;however, data
canalsobe encodedin the lengthof thespacesbetweendatablocksandin theabsoluteor relative locationsof
thetop andbottomedgesof thedatablocks.Theresultis a quasiiconic representation, or quasiDataIcon,that
resemblesa thumbnailof theoriginal image,andwe referto it in thefollowing simply asan icon. Fig. 1 shows
examplesof thumbnailsandicons,all at 6x reduction. For eachline of small text in the thumbnail,a line of
datablocksis generatedin the icon, with threebits encodedin eachdatablock.Thespacesbetweendatablocks
areadjustedto be equalwithin eachline, and to causethe datablocksto spanthe sameline length as in the
thumbnail.Thebytecapacitiesof theseiconsaregivenin thefirst row of Table1. Whentwo bitsareencodedin
eachdatablock,bytecapacitiesarelargerby about8 percent(dependingon thetextline width), asshown in the
secondrow. However, with only 4 differentlengths,theappearanceis judgedto besomewhatless“text-like.”



Figure 1: Six examplesof thumbnailsand icons,at 6x reduction. Thesamemessage is
storedin each icon. Threebits of dataare stored in each datablock within the
icon.



If a pageimagedoesnot have sufficient regions of small text to encodethe desiredmessage,a stylistic
iconic representation, or stylisticDataIcon,maysuffice. Thesearesimilar to genericiconsusedin graphicaluser
interfaces,andrepresenta classof documentsratherthanthe look of a specificone. Stylistic representations
aremucheasierto encodeanddecodethanquasirepresentations,becausethelocationof theregionscontaining
datablocksis known in advance.They canbeusedasadefault in situationswhereit is notpracticalto generatea
quasiDataIcon.In thefollowing, they will notbeconsidered.

For quasiDataIcons,thedatablocksareplacedin linescalledblocklines, thatvisually simulate“textlines” in
thethumbnail.Theblocklinesarefurthergroupedinto iconblocks, whichcorrespondto textblocks.Encodingthe
messagedatawithin aniconproceedsin thefollowing steps:

� Deskew. Thefull resolutionimageis deskewed.

� Segmentation.Regionsof median-sizedtext arelocatedandordered.

� Thumbnail.A reducedimageis madeat thechosenreductionfactor, andtheregionswhereiconic text will
begeneratedaremaskedout.

� Message preparation. Error-correctioncoding (ECC) bytesare appendedto the input message,and a
header, consistingof at leasta start code, the input messagesize, and the numberof appendedparity
bytes,is prepended.Theappearanceof theencodeddatablockscanberandomizedby XOR encryptingthe
message.Theresultis thenreplicatedasmany timesasnecessaryto fill thespaceavailablein theicon.

� Datablock generation. Thepreparedmessageis encodedasdatablocksin theicon,accordingto thechosen
method.

Segmentationis a subsetof the layout analysisusedfor documentimagesummarization,
�

with different
algorithmsfor textblock sieving and ordering. A linear (or systematic)Reed-Solomonblock ECC

�
is used

becauseerrorsareexpectedto occurin bursts,dueto temporarylossof synchronizationduringdecoding,andwith
suchacodetheparitybytesaresimplyappendedto themessagebytes.To convert from themessagebytesto the
sequenceof datablocks,two encodingmethodshavebeendescribed.In block-by-block encoding,afixedamount
of datais placedin eachdatablock;theamountof dataencodedin agivenline lengthwithin theicondependson
thedata. In run-length-limitedencoding,analogousto RLL encodingusedin storagesystems,

�
constraintsare

placedon theminimumandmaximumdatablocklengths,andthecoderateis nearlyconstant.(Thecoderateis
weaklydatadependentbecauseof thespacethatmustbeinsertedbetweendatablocks.)

Other detailsof the encodingprocess,except for synchronizationdetectionand recovery, are given else-
where.

�
Oncetheicon is generated,it shouldbetestedfor readability, usingthedecoder. Becausethedatablocks

in the generatedicon arenoiseless,successfuldecodingdoesnot guaranteethat the messagecanbe extracted
from aprintedandrescannedicon. However, for theencodingparametersusedin theiconsshown here,givenin
Table2, we have foundthatif thenoiselessicon canbesuccessfullydecoded,thenanicon thathasbeenprinted
and rescannedat 300 ppi is nearlyalways readable.The reasonis that iconic segmentationof noiselessand
scannediconsis usuallyidentical.

2.2 Maintaining synchronization

In the decodingprocess,synchronization is the correctnumberingof the bytes in the message.Even a
small segmentationerror can causeloss of synch,which can quickly exhaustthe error correctingcapability.



Print resolution 300ppi
Scanresolution 300ppi
Icon reduction 6x
Encodingmethod block-by-block
Datablock channelembedding datablockwidth: 3 bits/datablock
Minimumdatablock length 3 pixels
Minimuminter-datablock space 3 pixels
Datablock lengthquantizationincrement 3 pixels
Datablock formattingmethod sequential
Blockline constraints none
Data constraints asciiencoding
Parity bytes 4

Table2: Parameters usedfor encodingiconexamples.

Consequently, the encodingprocessshouldinclude redundancy that allows lossof synchto be identifiedand
synchto bequickly regained.Wedescribetwo methodsthataredistinguishedby thelow-level formattingof the
messageinto thedatablocks.Theencodercansetbits in themessageheaderto indicatewhich of thesemethods
hasbeenusedfor theicon.

Sequentialascii formatting is a simplemethodfor detectinglossof synch,that hasrelatively little added
redundancy. Thebinarymessageis convertedto an ascii representation,wherethefirst bit of eachbyte is a 0.
Duringdecoding,thebyteframingcanbeadjustedto minimizethenumberof insertionsor deletionsrequiredto
keepthesebits0,alongwith theconstraintontheknown totalmessagesize.A disadvantageof thismethodis that
if therearemultiple insertionsand/ordeletions,it maybedifficult to assigncorrectbytenumberingthroughout
themessage.However, if thenoiselessicon is foundto bedecodable,thismethodshouldbesatisfactory.

Line-synch formattingtypically hasslightly greaterredundancy (overhead),but it is morerobust for limiting
errorsdueto lossof synch,andshouldbeusedif sequentialasciiformattingfails to makeareadableicon. In this
method,thedatablockencodingis constrainedto have anintegral numberof completebyteson eachblockline.
Consequently, thereis no reasonto useascii data. Theextra bits in theblockline,which vary from 0 to 7, can
beusedto indicatethebyteindex within themessageof thefirst bytein theblockline. For example,if thereare
�
	�� extrabits in theblockline,they areencodedasthemessagebyteindex modulo �� . (Theextrabitscanalso
indicatetheblockline index in themessage,againmodulo  � .) In theencodingprocess,the lengthin pixelsof
eachblocklineis first specified.Datais filled into theblockline,andthelastdatablockthatcompletesamessage
byte may containextra bit(s) that constitutepart of the index. It mustbe verified that this datablockwith the
correctindex bits fits into theblockline. If it doesnot,onelessmessagebytemustbewritten into theblockline.
Also, for the casewherethe blockline is too short to containa singlemessagebyte, the goal is to encodethe
index of thefirst messagebyte of theprevious blockline. If theblockline is not to remainblank, this requires,
at a minimum,a singledatablock.If thepre-allocatedspaceis too small to hold thecorrectdatablock,thespace
mustbeincreased.Likewise,if thespaceis toosmallto hold thefirst two datablocks,it canonly holdone.Thus,
for very shortblocklines,the pre-allocatedwidths must be taken ashints, and the actualblocklinesmay end
up eithera little wider or narrower. The third row of Table1 givesbyte capacitiesof thesix iconswhenusing
line-synchformatting.Thecapacityis comparableto thatof sequentialformatting(first row) if oneincludesthe
dataexpansionthatoccurswhengeneratingascii from binary.



3 Iconic Data Decoding

Thereis aperformanceasymmetrybetweentheencodinganddecodingsegmenters.Theencodingsegmenter
hasmorevariableinputdata,but if it missessometext regionsthatwouldhavebeenfair candidatesfor embedding
data,the systemdoesn’t fail—it just becomeslessefficient in datastorage.On the otherhand,the decoding
segmenteris searchingfor the icon datablocks.Thesearehighly regular imagecomponentsandrelatively easy
to locate,but it mustreliablyfind mostof them.

Therearethreemajorstepsin thedecodingprocess.Thefirst is to identify thedatablocksandtheir orderin
theimage,andwe usetwo distinctsegmentationsteps.Thesecondstepis to measurethedatablocksandspaces
to determinehow datais encodedandto find thecodingparameters.Part of this stepis theassignmentof coded
bits to thedatablocksandspaces.Thethird stepis to extract themessage,includingmeta-datathat is necessary
for decoding.

3.1 Decoding segmentation

As with encoding,thefirst stepin decodingis to deskew theicon. This improvesbothsegmentationandmea-
surementof thedatablocks,andis carriedout by thestandardmethodof maximizingthevarianceof differential
line pixel countsums,� at thefull scanresolutionof theicon.

Next, theiconis scaledto astandardsize,whichwetaketo beexactly6x reductionat300ppi scanresolution.
This simplifiessegmentation,becausetheanalysisis performedat constantresolution,50 ppi, regardlessof the
sourceof theiconic image.Segmentationthenproceedsin two steps:coarseandfine.

Coarsesegmentationis acombinationof sieving andgrouping.Componentsthatarenoticonicdatablocksare
progressively removed(sieved),but at thesametime logical groupingsof datablocks,blocklinesandiconblocks
consistingof severalblocklines,areidentified.Sieving andgroupingaredonetogetherbecausethey arecomple-
mentary, eachaiding the other. Componentremoval proceedsconservatively, leaving thedecisionfor removal
of ambiguousstructuresto fine segmentation.In fine segmentation,themicrostructureof thepixelscomposing
eachidentifiedblockline is examined.Determinationis madeon a line-by-linebasis:if thecomponentsof the
line arenotsufficiently solid,theline is removed.Theresultof segmentationis to groupandorderthedatablocks
into iconblocks,eachof whichconsistsof severalblocklines.

Weshow two examplesof thesegmentationprocess,takenfrom iconexamples3 and4 in Fig. 1. Theseicons
werescannedat 300 ppi, andthe resultingnoisy iconsareshown magnifiedabout2x in Fig. 2. Segmentation
resultson examples3 and4 aregivenin Fig. 3 andFig. 4, respectively. Framereferencesin thefollowing areto
thesefigures.Frame1 shows thescannediconat actualsize(6x reduction).

3.1.1 Coarse segmentation

Coarsesegmentationtakesplacein threephases.In Phase1, imageand large graphicpartsareremoved,
leaving iconic text (datablocks)andothercomponentssuchasreducedtext andrules.In Phase2, theiconblocks
areidentifiedby carefulmerging andsomeof the noisecomponentsarediscarded.In Phase3, operationsare
doneseparatelyon eachiconblock, in order to avoid merging them. Small holesarefilled, noiseis removed,
andthesquared-upiconblocksareplacedin thecorrectorderfor readingthedatablocks.Binary morphological



Figure 2: Scannedicons: theseare examples3 and4, scannedin fromFig. 1

operationsareusedextensively for coarsesegmentation. Brick structuringelementsaredenotedby “width x
height”; e.g.,open(3x1)is ahorizontalopeningof width 3.

A verticalwhitespacemaskis usedto maintainseparationof laterally-adjacenticonblocks.But a horizontal
whitespacemask,which would tend to split iconblocks,cannotbe usedto avoid merging vertically-adjacent
iconblocks.Thus,large verticalclosingsor dilationsmustbeavoidedbeforethe third phase,whereiconblocks
arehandledseparately. Generationof the vertical whitespacemask(frame3) is part of Phase2, but it is done
first for convenience,using the sequence:close(3x1),bit inversion,and open(1x50). The first small closing
reducesthe ability of the maskto breaktext blocks,and the large vertical openingextractsthe critical inter-
columnseparators.Smalladditionalclose/openingscanbeusedto remove foregroundandbackgroundnoisein
themask.

Next is Phase1, wherethe imageand large graphicpartsare removed from the icon (frame 2), by first
solidifying frame1 usinga horizontalclose/open(3x1),andthenremoving any componentswith heightof 10
pixelsor greater.

Phase2 continuesby conservatively weakingthe remainingnon-datablockparts,usinga sequenceof two
smallopenings:open(2x1),open(1x2).This is followedby aclose(15x1)to solidify theblocklines,andremoval
of narrow components(noise)usingopen(5x1).Thehorizontalclosingwaslikely to join adjacenticonblocks,
so thewhitespacemaskis subtractedto restoretheir separationasiconblocksrepresentingadjacentcolumnsof
text (frame4). Componentsthat are too tall ( � � pixels), too short ( 	  pixels), or too narrow ( 	�� pixels)
are removed (frame 5). The blocklinesare next connectedvertically into iconblocks,using close(1x9),and



Figure 3: Segmentationoperationsfor example3, startingwith thescannedimageonthe
left in Fig. 2.



Figure 4: Segmentationoperationsfor example4, startingwith thescannedimageonthe
right in Fig. 2.



any remainingthin lines are removed (frame 6) using open(3x3). The connectedcomponentsare identified,
completingPhase2.

In Phase3,all operationsaredoneseparatelyoniconblockcomponents,avoidingfurtherinteractionsbetween
them.Thosecomponentsthatarevery short( 	���� pixels)areremoved,andsmallverticalgapsin theremaining
onesarefilled (frame7) usingclose(5x1).Iconblockcomponentsthataretoonarrow ( 	���� pixels)areremoved,
andtheremainingonesaresolidifed(frame8)usingclose(1x20).

Frame9 shows the iconblockmasksafter they have beensquaredup, andafter any smallerones,that are
essentiallywithin theb.b. (boundingboxes)of largerones,havebeenassimilated.Thesquaringupprocessiden-
tifies thecomponentsthatconstitutethedifferencebetweentheiconblockmaskandits boundingbox. If eitherof
two tests,usinga pre-determinedlength ����� � , succeedson a component,it is “added”to theiconblock,thus
helpingto squareit up. Thefirst testrequirestheb.b. areaof thecomponentto exceed�

�
andthecomponent

to berelatively square.Thesecondtestallows thecomponentto besmaller, with area�
�! #"

, but requiresthatat
least75 percentof thepixels in theb.b. be ON. Thehighesticonblockin frame9 of Fig 3 is not derived from
iconic data,andwill be removed later. An assimilationstepis useful to repair iconblocksthat may have been
accidentallybrokenin theearlystagesof segmentation.

Frame10 shows the iconblocksremainingafter thosecontaininglessthan3 blocklineshave beenremoved.
Theresultof coarsesegmentationis visualizedin Frame11,whichshows slightly dilated(2x2) iconblockmasks
thathave beenXOR’d with thescannedicon (frame1).

Finally, theiconblocksareordered,in strict column-majororder, usingthesameorderingalgorithmthatwas
usedon theoriginal imagefor encodingicons. Iconblockprecedenceis determinedby the(x,y) locationof the
upper-left corner. Iconblockswhosex valuesarewithin 8 pixelsaresortedbasedon they value(e.g.,from top
to bottom); otherwiseby x. The distanceof 8 pixels is chosento group iconblocksfrom typical icon images
transitively into columns.Theorderediconblocksareshown in frame12.

3.1.2 Fine segmentation

Fine segmentationcontinueson eachiconblockin isolation. Within an iconblock,componentsthat arefar
too small to be datablocks(e.g.,with width 	$� pixels or height 	  pixels) areremoved, andthe remaining
componentsaresortedtwo-dimensionallyin row-majororder(i.e., into blocklines).Theneachline of datablocks
is analyzedto determineif it is iconic data. Two criteria areused. First, to remove horizontalrulesthat have
fallenthroughthecoarsesieve, noneof thedatablockscanexceeda maximumwidth. Second,to eliminatetext
regionsthatwerenotdatablocksin theicon,thepixelswithin eachdatablockshould,in theaggregatefor theline,
occupy at least70 percentof thetotal datablockb.b. area.

Frame13 shows theindividual datablocks,expandedto their circumscribingrectangles,thatpassedthrough
the coarsesegmentation,andframe15 shows the remainingimagecomponentsin the icon. Finally, frame14
shows thosedatablocksthat qualified as actualdataaccordingto the fine segmentationsieving criteria given
above.



3.2 Datablock analysis for encoding parameters

Thedatablocksin eachiconblockareanalyzedto determinethequantizationlevelsthatobtainfor datablocks
within this iconblock. Thefirst stepis to estimatethesizeof eachdatablock,andthechannelin usehereis the
width of thedatablock.Whenthedatablocksareencodedwith lengthquantizationincrementlessthan5, theb.b.
width doesnotprovidesufficientaccuracy. Instead,thebitmapof eachdatablockmustbeexamined.Todetermine
thewidth of a datablock,the top andbottomrows arediscarded,andaveragelocationof left andright edgesof
theremainingrows is found. In computingthis average,outliersarediscarded.For theleft edge,anoutlier is a
row that starts2 or morepixels to the right of the leftmostrow, andsimilarly for the right edge. (Likewise, to
determinetheheight,thefirst andlastcolumnsarediscarded,andtheremainingcolumnsareanalyzedto getan
averagepositionfor thetopandbottomof thedatablock.)

The datablockwidths areconvertedto integersin units of 0.1 pixel, anda histogramof the widths is con-
structed,using overlappingbuckets without normalization. To find reliable maxima, the histogramis then
smoothedwith a window width of about1.0 pixel, considerablysmallerthan the expecteddistancebetween
peaks.Individual datablocksareassignedto thesetrepresentedby thenearestmaximum.

A typicaldatablockwidth histogramfor aniconblockis shown in Fig. 5. This raw histogramshows thateach
of theeightdatablocksetsis composedof asubsetsetof approximatelythreepeaksrepresentingwidthsthatare
separatedby 5 units, correspondingto exactly half a pixel. The largestpeakin eachof the subsetsoccursfor
widths that areexactly factorsof 3 pixels apart: 3, 6, 9, ... 24), which arethe widths of the datablocksin the
ideal icon. Thesatellitepeaksmostly representlargerwidths,by up to onepixel, indicatingthat theprocessof
printing andrescanningtendsto increasethedatablockwidths. Theeightsubsetsarewell-separatedfrom each
other, so the raw error ratedueto placinga datablockin thewrongsetshouldbevery low. This is becausewe
useda quantizationincrementof 3 pixels for encodingdatablocks.It is clearthata quantizationincrementof 2
pixelsis toosmallto beusedrobustly for binaryscannedicons.

Therepresentative width for eachof theeightsetsis foundby makingtwo convolutionson thedata. In the
first, ahistogramof overlappingbinsof width 9 units,is constructedfrom theraw data.Thewidth is chosento be
largeenoughto containtwo of thesubpeaks,but not three.This histogramis not normalized,to avoid roundoff
error. It is thenconvolved with a smoothingwindow, alsoof width 9 units. Theoverlappingbin histogramand
thesmoothedversionareshown in Fig. 6.
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Figure 5: Histogramof datablock widthsfor a typical iconblock. Each peakrepresentsa
subsetof datablocks that were measuredto havewidthsat half-integral pixels
(five0.1pixel units).
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Figure 6: Unnormalizeddatablock width histograms.Theoneon theleft is derivedfrom
the raw data, usingoverlappedbins of width 9 units. This is thensmoothed
usinga windowof width 9 unitsto givethehistogramon theright, fromwhich
themaximafor each setare located.

3.3 Message extraction

Foreachiconblockin theorderedsequence,thedatablocksaresequentiallyexamined,blocklineby blockline,
andassigned3-bit messagevalues. This raw messagetypically hassyncherrorsdue to occasionalinsertions
or deletionsof datablocks,and,aswe have seen,only rarely to a mis-assignmentof the messagevalue for a
datablock.

As describedin Section2, the messagemustbe redundantlyencodedto identify andcorrectsyncherrors.
Redundancy is appliedin threeways:

1. Within themessage,usingECCandoptionallyasciiencoding.

2. Usingmessagerepetitions,with aunique3-bytestartsequenceto identify thebeginning.

3. Optionally, synchingthebytesto theblocklines,andencodingbyteindices.

After each3-bytestartsequence,the messagesizeandnumberof ECC parity bytesis encoded.Appending�
bytesof ECC allows correctionof any �

 
 bytes,or up to � erasure bytesthat canbe selectednearlocations

in themessagewherebit synchronizationor datais believed to be lost. The two approachesto identifying and
correctingsyncherrorswerebriefly describedin Section2.2.

The actualmessageis derived from the decodedmessageby XOR decryption,followed by conversion,if
necessary, from the encodedascii backto an original binary message.Note that if ascii encodingis used,the
XOR key mustalsobecomposedof a sequenceof asciibytes.



4 In the Limit: Small DataIcons

Theexamplesgivensofarhave all beenof iconsat6x reduction.This is aconvenientsize,bothfor allowing
a personto readthe large non-iconictext andrecognizethedocument,andfor robust machinedecodingof the
iconic data. The questionnaturallyarises:how muchsmallercanmachine-readablequasiiconsbe made,still
assumingprint andscanresolutionsof 300ppi? Theshortansweris: assmallasanyonewould want. Consider
two typesof quasiicons:

1. Line faithful. All examplesto thispointareof this type.Eachline of text in thethumbnailis geometrically
registeredwith a blocklineof iconic text.

2. Line free. The textblocks in the thumbnailare looselymappedto iconblocksin the icon. In particular,
encodingdatablockparametersarechosenwithin theiconblocksfor decodability, andblocklinesarefreely
constructedwithout referenceto thetextlinesin thethumbnail.

Figure 7: Scannediconsfromexample1 of Fig. 1. Theseweregeneratedat reductionsof
7x,8x and9x,andare shownmagnifiedapproximately2x.

Fig. 7 shows line faithful 7x, 8x and9x iconsafter rescanning,at about2x magnification.They arederived
from thedocumentof example1 of Fig.1. Theamountof raw datastoredin thesethreeiconsis 325,281and243
bytes,respectively. Thestoreddatadecreasesapproximatelylinearly with thereductionfactor, becausethewidth
quantizationincrementsandminimumdatablockwidth areat theirminimim allowedsizeof 3 pixels.The7x and
8x iconsarereadilydecodable,but the9x icon is difficult becausea largenumberof thedatablockshave merged
vertically. Decodingthis icon requiresdifferentmethodsfor segmentation,parameterestimationanddatablock
decoding.In particular, noassumptioncanbemadethatthedatablocksareseparateconnectedcomponents.

Fortunately, it is not necessaryto solve this hard problem. Instead,icons shouldbe designedso that no
datablockmerging occursafter scanning. A reasonablecriterion is that 3 pixels of white spaceare typically
maintainedbetweenblocklines(with somenoisepixels allowed in thegap). This is obtainedfor the6x icons,
wheretheblocklinecenter-to-centerspacingis typically between7 and8 pixels.Thexerographicresponseof the



printerneedsto beconsidered,becausewrite-blackprintersthickenlineswhereaswrite-whiteprintersareeither
neutralor act to thin lines. The 8x icon in Fig. 7 hasa blockline center-to-centerspacingof between5 and6
pixels, which happensto work for this icon but is too small for safety. For an icon reductionof 8x or greater,
line freequasiiconscanbeused,wherethedatablockheightandinter-blockline spacingareconstantsthatare
chosenaccordingto a conservative criterionsuchasthatgivenabove. Thentheamountof storeddatadecreases
approximatelyasareaof theiconblocks;i.e.,asthesquare of thereductionfactor.

5 Summary

Methodsfor embeddingarbitrarydigital datawithin aDataIcon,aniconic representationof adocumentpage
image,have beenbriefly reviewed.To ensuredatarecovery, theencodermustfirst verify thattheencodediconic
imagecontainsthe entiremessageandthat it canbe decodedcorrectly from its ideal pre-printingimage. If,
additionally, thedatablocksremainseparatedafterscanning,thedatashouldbereadableby thedecoder.

To retrieve themessagefrom a scannedicon, thedatamustbeseparatedfrom theothercomponentsin the
iconic imageanddecoded.Thedecoderis assumedto havenoa priori informationaboutthedatablockencoding
parametersor thelayoutof thedatablockswithin theicon. Theretrieval processhasthreemajorsteps.Thefirst is
segmentation,to identify andorderthedatablocksin theicon. Thesecondis to measuretheretrieveddatablocks
andspaces,in orderto determinein which channelsthe datais encoded,andto find the encodingparameters.
Thethird stepis to extract themessage,usingerrorcorrectionandmeta-information,suchasmessagesizeand
synchronizationindicators,asneeded.

Errors canbe introducedinto the decodingprocessat a numberof places,and it is necessaryto provide
mechanismsfor detectingandcorrectingthem.Duringsegmentation,regionsthatarenotdatablocksareconser-
vatively removed,iconblocksaregeneratedby carefullymergingdatablocksandareconsolidatedindependently,
anda final verificationis performedby analyzingtheshapeof thedatablocksin eachblocklineremainingin the
icon. Uniform encodingof datablocksandspacesallows extractionof robustparameters.Theserialorderingof
extractediconblocksmustbe robust to small perturbationsin their location,becauseexact spatialalignmentof
suchregionsbetweentheoriginal imageandthescanned(andpossiblycopied)imageis not possible.A small
numberof byteerrorscanberemovedby addingECCcodingto themessage.Bytealignmentwithin themessage
mustbe maintainedthroughout,andtwo formattingmethodsthat requireredundantencoding(byte alignment
on blocklinesandascii encoding)have beendescribed.To compensatefor uncorrectablelossof synchroniza-
tion, multiple encodingswith uniquestart-of-messagemarkers areused. Data canbe reliably retrieved from
iconsof any desiredsizeif thedatablockencodingparametersarechosento becompatiblewith boththeprinter
characteristicsandthescanresolution.
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