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ABSTRACT

The authors propose to use formatting templates and implicit formatting semantics information
for automatic metadata identification and segmentation. The pure texts and their corresponding
formattinginformationincludinglineheight,fonttype,andfontsize,arerecognizedinparallelto
guidemetadataidentification.Theauthorsuseimplicitformattingsemantics,suchasthechangeof
formatting,formattingtemplatesandimplications,explicitformattinglayouts,aswellaspredefined
frequentlyoccurredkeywordsdatabasetoincreasetheextractionaccuracy.UnlikeotherOCR-based
approaches, theauthorsuseopensourcePDFBoxpackageas thebasicpreprocessing tool toget
puretextsandformattingvaluesofthedocumentcontents.OntopofPDFBoxtheybuilttheirown
pipelineprogram,namely,PAXAT,toimplementtheirapproachesformetadataextraction.10177
papersfromarXiv,ACM,ACLandotherpubliclyaccessedandinstitution-subscribedsourcesare
tested.Theoverallextractionaccuracyoftitle,authors,affiliations,author-affiliationmatchingare
0.9798,0.9425,0.9298,and0.9109,respectively.

KEywoRDS
Formatting Semantics, Information Retrieval, Metadata Extraction, PDF Document, Template

INTRoDUCTIoN

Withtheadvanceindigitallibrariesandonlinepublishing,thequantityofonlinescholarlydocuments
andborn-digitaldocuments is increasingsignificantly,and thedigital transitionawayfromprint
continues (Ware&Mabe,2015).Open-access initiativesandplatformssuchaspublisher-owned
websitesandarXiv.orgalsomakethepersonaldigitallibrarynotonlypossible,butprevalentfor
researchersandscientists(Laakso&Björk,2013).PortableDocumentFormat(PDF)hasbecomethe
defactostandardofproducing,delivering,exchanging,andarchivingscholarlydocumentsbecause
ofitsindependenceofvisualinformationandsource-filestructure.Therefore,automaticextractionof
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metadatafromsuchPDFdocumentsisthefundamentalworkofdigitalpreservation,bibliometrics,and
scientificcompetitivenessanalysisandevaluations(Suh&Lee,2001,Zhao,2010,Fiorietal.,2014).

Metadataisdefinedbysomeasdataaboutdataandisusedbybothhumansandcomputers.Digital
librariesmustensurethatcomputersystemscanbothreadand“understand”metadata(Lee,Kim,&
Kim,2001).Thisrequiresformalsyntaxanddefinedsemantics—humanscanovercomeinconsistencies
andvagueness,butcomputerscannot(Jeffery&Koskela,2015).Thischapterpredominantlyrefers
toscholarlydocumentsfromscientificliteratureratherthanjournalisticmagazines,andrefinesthe
metadatatoincludetitle,authornames,affiliations,andauthor-affiliationmatching.Wetrytoextract
suchmetadatabecausetheyhaveversatileformattingstylesandchangefrequentlyandsignificantly
indifferent scholarlypapers.The remainingmetadata, such aspublishing source, journal name,
publicationdate,volume,andissuenumber,areoutsidethescopeofthischapter,althoughtheycan
beextractedsimilarlybyapproachesproposedhere.

Unfortunately,thePDFspecificationonlydefinesthebasiclogicalstructuretodescribethetexts,
paragraphs,andotherlayoutobjects.ThePDFspecificationisoptimizedforcontentpresentation,but
lacksstructuralinformationonthecontent,especiallythestructureinreadingorder.Theabsenceof
explicittagsordiscerniblelabelsformanyelementsindocumentsisthemainobstacletomachines
automaticallyidentifyingthemetadata.Moreover,suchabsenceofuniformformattingandlayout
standardsmakesitveryhard,sometimesevenimpossible,toextractmetadatafromdifferentscholarly
documents appearing in different publishing sources. The accuracy and efficiency of metadata
extractionareaffectedmainlybyimplementationvariationsofvisualformattinginPDFdocuments
from different computer programs; individual style differences from different authors; source
compilationofPDFdocuments;anderrorsinthePDFdocumentitself.Thepaper’stitleisanexample.
Thetitlehasobviousvisualformattingfeatures,suchaslocationonthefirstpage,largestfontsize,or
centeredtext.Althoughitistraditionallybelievedthatthetitlewithitssimpleformattingsemantics
iseasytoextract,theextractionaccuracyisstillaffectedbytheexistenceofthefollowingfactors:

• Thetitleisnotlocatedatthebeginningofthefirstpage;
• Thetitlehasmultiplelines;
• Thetitlehasasubtitlebesidesthemaintitle;
• Thetitletexthasmultiplefonttypesandsizes;
• Thetitlehasspecialcharacters,adigitalstring,ormathematicalorphysicsequations;
• Thereisapageheaderbeforethetitle;
• Differentdocumentsfromdifferentsourceshavedifferenttypesettingtemplatesforthetitle.

Inordertoextractthemetadata,thedifferentsectionsofthedocumentfirstmustberecognized,
located,andsegmentedprecisely,andthenextracted.Fortunately,authorsstructureandorderdifferent
sectionsofascholarlydocumenttodeliverdedicatedinformationtoreaders,andtheyhavedifferent
explicitandimplicitsemantics.Inthispaperwecallthevisualformattingelementsandcontents
explicitsemantics,suchasthetitle,authorname,affiliations,runningheads,footnotes,emails,address,
abstract,keywords,sectionnames,acknowledgments,andreferences.Implicitsemanticsmeansnot
onlytheformattingswitchandchange,butalsoredundanttexts.Formattingswitchandchangemeans
thechangeoflineheight,fonttype,fontsize,alignment,andotherstrictlyphysicalcharacteristics.
Someredundanttexts,suchasdatesthatappearinboththerunningheaderandfootnotes,andauthor
namesinbothanauthorshipsectionandfootnotes,arealsoimportantsourcesformetadataextraction
andmutualverifications.

Theworkdescribedinthischapterusesbothexplicitandimplicitformattingsemanticstoextract
themetadataautomatically.First,weconstructanextensivetemplatedatabasefordomainterms,
affiliations,andcomplexcombinationsoftypesettingelements.Second,bothcharacterstreamfrom
theoriginalPDFfileandformattingstreamareextractedinparallelaccordingtoPDFspecification.
Third,differentsectionsaresegmentedandtrimmedaccordingtotemplatesandimplicitsemantics.
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