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Abstract

We developeda software tool to assisttableunderstand-
ing research. It can analyzeany giventable ground truth
andgeneratedocumentsthat includesimilar tableelements
while havemore varietyon bothtableandnon-tableparts.
Basedonour novelcontentmatching ground truthing idea,
thetablegroundtruth datafor thegeneratedtableelements
becomeavailablewith little manual work. Thevalidity of
the proposedstrategy was confirmedby our table detec-
tion algorithm development. We madethis software pack-
agepublicly available.

1 Intr oduction

Although there are constantinterestson table under-
standing problem ([1]-[6]), there are no publicly avail-
abletableground truth datasets. In UW document image
databaseIII(UW CDROM III) [9], thereare ����� markedta-
blezonesbut nostructure datafor thethem.DetailedTable
structure informationis requiredfor a tabledetection sys-
tem evaluation [7]. Clearly, UW CDROM III cannot be
directlyusedto evaluatetabledetection systems.

Nonetheless,large datasetswith ground truthareessen-
tial in assessingthe performance of computer vision algo-
rithms.Manually generatingdocumentground truthproved
to be very costly. However, studyingsyntheticdata[8] at
someresearchphaseis a common practice in computervi-
sionfield. It hastheadvantageof extremelylow cost,read-
ily availablegroundtruthinformationandmorevariety than
therealimages.

We developeda softwarepackage thatcansimulateany
given table ground truth with additional controlled vari-
ety. To avoid the tediousmanual ground truthing work,
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Figure 1. Illustrates a table hierarchy model

we madethe table content unique in the given document
imageand therefore tablestructure canbe determinedby
content matching. We demonstratedthe feasibility of our
algorithm on a real imagedatasetandusedthe synthetic
tabledatato aid our tabledetection research[7]. Thesoft-
warepackage is publicly availableat [16]. Althoughit was
designed for tableunderstandingresearch,its potentialus-
agesincludetabulardatareconfiguration(e.g.frombusiness
styleto technical style)andtransformation.

The remainder of paperis organizedas follows. First,
wegiveourtableground truthing specificationin Section2.
Thedetailedautomatic tablegroundtruth generationalgo-
rithm is described in Section3. Our future work direction
is given in Section4. We put our tableparametersetand
non-tableparametersetdefinitionsin APPENDIXA andB.

2 Table Ground Truth Specification

We definedthe table structure in a hierarchical struc-
ture, as shown in Figure 1. In the table ground truth,
we needspecifytheir hierarchical structurebetweentable,



row/column header, tablebodyandcell entities. For each
cell, thefollowing attributeshaveto berecorded.

	 Starting/endingrow, sr ander;

	 Starting/endingcolumn, scandec;

	 Justification,cj. Its possiblevaluesare left, center,
right anddecimal.

Notethatalthough wedonotexplicitly describerow and
column structures,suchinformationcanbereadily obtained
by examining cell attributes.As explained in thenext sec-
tion, the tablehierarchical structure and its cell attributes
areautomatically generatedby our tableground truth gen-
erationtool.

3 Automatic TableGround Truth Generation

Figure2(a) shows the diagramof the systemandFig-
ure2(b)anexampleof theautomatictableground truthgen-
erationresults.Thefollowing partsdescribetheautomatic
tablegroundtruthgeneration procedure.

3.1 Parameter Generator

This software is usedto analyze a given table ground
truth andnon-tableground truth. Two kinds of parameter
sets,
 and � , aredesigned. There are ��� tablelayout pa-
rameters in 
 , e.g.column justification,spanningcell posi-
tion,etc.Thereare  non-tablelayoutparametersin � . e.g.
text columnnumber, if thereis marginal note,etc. Clearly,

 is designedto addmorevarietyto tableinstancesandtest
themis-detection performanceof any tabledetectionalgo-
rithm. � is designed to addmorevariety to non-tablein-
stancesandtestthefalsealarmperformanceof any tablede-
tectionalgorithm. Currently, the part which automatically
estimatesnon-tableparametershasnot beenimplemented,
soweenclosethemin dashedlinesin Figure2(a). Thetable
parametersetandnon-tableparametersetdefinitionscanbe
found in APPENDIX A andB, respectively.

3.2 TableLatex File Generation Tool

This softwarerandomly selectstwo parameterelements
from sets 
 and � . The resultingparameter for a page
is a reasonableelementin 
���� . We precomputedtwo
contentsets� , � . They arecell wordsetandnon-tableplain
text set. Elementsof � arerandom, meaninglessEnglish
characterstrings. Elements of � arethe text ground truth
file from UW CDROM III [9]. Sets� , � arethecontents
of tableentitiesandnon-tableentitiesin thegeneratedLATEX
[10] file, respectively. We make sureevery elementin � is
unique in both � and � and it canonly be usedoncefor

a given file. This software writes out two files: a LATEX
file and a partial ground truth file. In the partial ground
truth file, thereare table, row header, column headerand
cell entitieswith their content and attributessuchas cell
starting/endingcolumn number, etc.

3.3 DAFS File Generation Tools

Severalsoftwaretoolsareusedandsomeminimumman-
ualwork is requiredin thisstep.LATEX turnedtheLATEX files
into DVI files. TheDVI2TIFF software[11] convertsDVI
file to a TIFF file and a so-calledcharacterground truth
file which containsthebounding box coordinates,the type
andsizeof thefont, andtheASCII codefor every individ-
ual character in the image. The CHARTRU2DAFS soft-
ware[16] combineseachTIFF file andits characterground
truthfile andconvertsit to aDAFSfile [12]. TheDAFSfile
hascontentgroundtruth for every glyph, which is thebasis
of contentmatchingin the next step. Then line segmen-
tationandword segmentation software[14] [15] segments
word entitiesfrom DAFS file. Sincewe cannot guarantee
a ������� word segmentation accuracy, a minimum of man-
ual work usingIlluminator [13] tool is required to fix any
incorrectwordsegmentation resultsinsidetables.

3.4 TableGround truth Generator

Sinceweknow everywordin thetablesappearsonce,we
canusecontent matchingmethodto locateany tablerelated
entityof interest.Oursoftwaretriesto locateany wordcon-
tentsfrom partialground truth file in DAFS file. If not, an
erroris reported.Hereis theway to make thepreviousstep
evensimple.We only needruntablegroundtruthgenerator
twice. The only placeswe needlook at arethe files with
someerrors in thefirst run. After thecorrection, werunthis
softwareagain to obtainthefinal tableground truthdata.

3.5 TableGround Truth Validation

Fornormal groundtruthingwork, validationis arequired
stepto makesurethatwegetcorrectground truth.Ourtable
groundtruthvalidation is alsoautomaticallydone. It checks
thegeometric relationsamong table,row, column andcell
entities. If thereis any discrepancy, thepagecanbeeither
removedor given to furthermanualchecking.

4 Conclusionand Futur e Work

Wedevelopedatableandits groundtruthautomatic gen-
erationsystemandusedit to developour tabledetection al-
gorithm [7]. Usingthis softwaretool, we generateda total
of ����� documentimagegroundtruthwith ����� tableentities
and �������� �� cell entities. Sincethe tablesimulationwork
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Figure 2. (a) Illustrates automatic table ground truth generation procedure; (b) Illustrates an example
of generated table page.

wasfinishedby severalruns,wedid notrecordthetimethat
the manual checkingpart costed.However, the mosttime
consumingpart was taken by running the softwares. Us-
ing thissyntheticdataset,our tabledetectionalgorithm ob-
tainedaround  ���� cell correct identificationrateson both
realandwholeimagedatasets[7].

To further extend our idea, we want to add more ran-
domnessin thegenerationresults.In otherwords,we want
to obtain new table entitieswhich are reasonable but to-
tally different from our input tablestyles. However, there
is anirony. Whenweusemoreparameters,wecansimulate
more incoming tablestructuresbut we have lessdegreesof
freedom to generatenew tables.Our proposedsystemstill
hassomelimitations.First,weusedLATEX to generate table
documentswhich comply to LATEX layout rules. We can-
notsimulatesomerealworld tablesthatdonot fall into this
category. Second,our contentmatching idearequirestable
cell contentsareunique in agiven pagesoweusedrandom,
meaninglessEnglishcharacterstringsascell content.The
resultsaregood enough for thoseapproachesusingonlyge-
ometric informationbut will have troubles whenwe con-
sidersyntactic/semantic analysisof the content of a table.
They arealsogenerallydifficult problemsfor any tablesyn-
thesisresearch. More researchwork is necessaryto make
improvementupon ourcurrent work.

APPENDIX

A Table Parameter Set

Theelementsof thetableparametersetareasfollows.
! Number of rows , "$#$%'&�(�) , and number of columns,* #,+-&�(�) .
! Onevariableindicatingif we have vertical lines, .�+0/1&32 .
! Justificationfor eachcolumn, 46587:9 , ..., 465 * #�+0&3(�);9 . The

possiblejustificationvaluesfor eachcolumnarecenter, left,
right anddecimalalignment.

465</=9?>A@ center, left, right, decimalalignmentB�CD/FEG7�C:HIHIHIC * #,+-&�(�)
! Lower bound of intercolumn distance, / * +-J�587:9 , ...,
/ * +-J,5 * #,+-&�(�)LKM7:9 .

! Upper bound of intercolumn distance, / * (�J,587N9 , ...,
/ * (�J,5 * #,+-&�(�)LKM7:9 .
The real intercolumndistances,/ * 587N9 , ..., / * 5 * #�+-&�(�)OKG7:9 ,
are uniformly distributed integer numbersbetweenthe ap-
propriatelower bounds andupper bounds. The real length
unit is millimeter.

/ * 5</=9P>RQ / * +-J,5</S9TCD/ * (�J�5</=9=U
/ * 5</=9P>WVXC8/YEG7�C:HIHIHIC * #,+-&�(�)LKZ7 (1)

! Interrow distance,/["�587:9 , ..., /["�5<",#$%\&3(�)]KM7:9 .



! Mean of cell length for one column, * +-)^2:_�&`587:9 , ...,* +-)W2:_�&`5 * #,+-&�(�);9 .
! Half range of cell length for one column, * +ba�"�587:9 , ...,* +ba�"�5 * #,+-&�(�);9 .

We call the numberof characters,includingmiddle blank
space,in onecell ascell length. Usually cells in the same
columnhave similar lengths. For eachcell, its real length
is uniformly distributedinteger numbersbetweenthe lower
boundandupperboundof its column.i.e.

* +S5</=9?>cQ * +-)^2:_�&`5</=9FK * +ba�"�5</S9TC * +-)^2N_�&`5</=9ed * +-a�"�5</=9=U* +S5</=9?>AVXC8/YEG7�CfHIHIHIC * #,+-&�(�) (2)

For the purpose of groundtruthingby contentmatching,we
generatedthecell contentsoffline. They areuniqueandwere
randomlygenerated.Thereare g groupsof cell contents.The
lengthsof words of eachgroup follow normal distribution
whosestandarddeviation is 7 andmeanvaluesare 7 , h , ...,
g , respectively. If meancell lengthis between7 and g , we
just take oneword from its appropriategroup. If meancell
lengthis longerthan g , we selectwordsfrom thegroupwith
meanlengthas i andput blank spacebetweenthe selected
words.Thetotal characterlengthfollows (2).

! Horizontal line list. Although we areaimedat tabledetec-
tion without usinghorizontallines,we canstill generatethe
tableswith somehorizontallines. In thehorizontalline list,
eachhorizontalline is specifiedby its row locationandstart-
ing columnindex andendingcolumnindex.

! Spanningcell list. Sometimesonecolumnheader hasdiffer-
ent justificationwith othercells in thesamecolumn. Some-
times one cell can spanover several columnsor rows. In
LATEX we can createthe cells spanningover several rows
andcolumns.Ourcurrentsystemcanonly generatethecells
spanningover severalcolumns.In thespanning cell list, we
specifythemby row locationandstartingcolumnindex and
endingcolumnindex.

! Empty cell list. Not all the tablesare full. We locatethe
emptycells by row locationandstartingcolumn index and
endingcolumnindex.

! Row header list and column header list. Our table
groundtruthdatahasthreelevels: table, row/columnhead-
ers and cells. According to the specifiedthe cell contents
of row/columnheaders.we canget the bounding boxesfor
row/columnheadersastheunionof thoseof locatedcells.

B Non-tableParameter Set

Theelementsof thenon-table parametersetareasfollows.

! List item, li . Its possiblevaluesareyesor no.

! Marginal note,mn. Its possiblevaluesareyesor no.

! Text columnnumber, tcn.
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