Random Table and Its Ground Truth Automatic Generation: A Tool for Table
Understanding Reseach

Yalin Wang

lhsin T. Phillipst

RobertHaralick

t Departmenbf ElectricalEngineering
Universty of Washingtm Seattle WA 98195U.S.A.

t Departmenbf ComputerScienceQueengCollege
CUNY Flushing,NY 11367U.S.A.

{ylwang@uwvashington.edp

Abstract

We developeda softwae tool to assisttable understand-
ing reseach. It cananalyzeany giventable grourd truth
andgeneratedocumatsthatincludesimilar tableelements
while havemore variety on bothtable andnon+table parts.
Basedon our novel contentmatding grourd truthingidea,
thetablegroundtruth datafor thegenertedtableelements
becaneavailablewith little manwal work. The validity of
the proposedstrategy was confirmedby our table detec-
tion algorithm develgpment. We madethis softwae padk-
age puHicly available.

1 Intr oduction

Although there are constantinterestson table under
standirg prablem ([1]-[6]), there are no publicly avail-
abletablegrourd truth datasets. In UW docurentimage
datalaselll(UW CDROM III) [9], thereare215 markedta-
ble zoneshut no structue datafor thethem.DetailedTable
structue informationis requiredfor a table detectim sys-
tem evaluation [7]. Clearly UW CDROM III canna be
directly usedto evaluatetabledetectim systems.

Nonethelss,large datasetswith ground truth areessen-
tial in assessinghe performarce of compuer vision algo-
rithms. Manually geneatingdocunentgrourd truth proved
to be very costly However, studyingsyntheticdata[8] at
someresearciphases acomma pradice in computer vi-
sionfield. It hasthe adantageof extremelylow cost,read-
ily availablegroundtruthinformationandmore vaiiety than
therealimages.

We developeda software packa@ that cansimulateary
given table grourd truth with additianal controlled vari-
ety. To avoid the tediousmanua growund truthing work,
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Figure 1. lllustrates a table hierarchy model

we madethe table content unique in the given docunent

imageandtherebre table structue canbe detemined by

contert matching We demastratedthe feasibility of our

algoithm on a real imagedataset and usedthe synthetic
tabledatato aid our table detectim research7]. The soft-

warepackag is pubicly availableat[16]. Althoughit was

designd for table understandingesearchits potentialus-

agedncludetakulardatareconfiguratior(e.g.from business
styleto technicé style)andtransfomation.

The remainer of paperis organizedasfollows. First,
we give ourtablegrourd truthing specificatiorin Section?.
The detailedautonatic table groundtruth gererationalgo-
rithm is descriled in Section3. Our future work direction
is givenin Section4. We put our table paraneter setand
nontableparameer setdefinitionsin APPENDIXA andB.

2 Table Ground Truth Specification

We definedthe table structue in a hierachical struc-
ture, as shavn in Figure 1. In the table ground truth,
we needspecifytheir hierarclical structurebetweertable,



row/cdumn headertable body andcell entities. For each
cell, thefollowing attributeshave to berecoded.

e Starting/edingrow, sr ander;
e Starting/eding column scandec

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

Notethatalthoudh we do notexplicitly describeow and
columm structurs, suchinformationcanbereadly obtained
by examining cell attributes. As explainedin the next sec-
tion, the table hierardical structue andits cell attributes
areautonatically generatedy our tableground truth gen-
erationtool.

3 Automatic TableGround Truth Generation

Figure 2(a) shaws the diagramof the systemand Fig-
ure2(b)anexampleof theautomatidablegrourd truthgen-
erationresults. The following partsdescribethe automatic
tablegroundtruth generatio procedire.

3.1 Parameter Generator

This software is usedto analye a given table ground
truth and nontable ground truth. Two kinds of parameter
sets,7 and N, aredesigred. Ther are12 tablelayou pa-
rametesin 7, e.g.colunm justification,spanningell posi-
tion, etc. Thereare3 nontablelayoutparangtersin V. e.g.
text columnnumter, if thereis mamginal note,etc. Clearly,
T is designedo addmorevarietyto tableinstancesindtest
the mis-detetion perfamanceof ary tabledetectionalgo-
rithm. N is desigedto addmorevarety to nontablein-
stanceandtestthefalsealarmperformarceof ary tablede-
tectionalgorithm Currently the partwhich automatically
estimatesiontable paranetershasnot beenimplemerted,
sowe enclosé¢hemin dashedinesin Figure2(a) Thetable
paranetersetandnontableparanetersetdefinitionscanbe
foundin APPENDIX A andB, respectiely.

3.2 TableLatex File Generation Tool

This softwarerandmly selectstwo paraneterelements
from sets7 and . The resultingparaneterfor a page
is a reasombleelementin 7 x A/. We preconputedtwo
cortentsetsC, P. They arecell wordsetandnontableplain
text set. Elementsof C arerandom meanindess Endish
chamcterstrings. Elemerts of P arethe text ground truth
file from UW CDROM Il [9]. SetsC, P arethe contents
of tableentitiesandnontableentitiesin thegererated ATEX
[10] file, respectiely. We malke sureevery elementin C is
unique in bothC and?P andit canonly be usedoncefor

a givenfile. This software writes out two files: a IATEX
file and a partial grownd truth file. In the partial grourd
truth file, therearetable, row header colurm headerand
cell entitieswith their contert and attributes suchas cell
starting/eding colunm nurber, etc.

3.3 DAFS File Generaion Tods

Severalsoftwaretoolsareusedandsomeminimumman-
ualworkis reguredin this step.lATeX turredthelATEX files
into DVI files. The DVI2TIFF software[11] corvertsDVI
file to a TIFF file and a so-calledcharactergrourd truth
file which cortainsthe bourding box coordnates the type
andsizeof thefont, andthe ASCII codefor every individ-
ual chaacterin the image. The CHARTRU2DAFS soft-
ware[16] comhbneseachTIFF file andits charatergrourd
truthfile andcorvertsit to a DAFSfile [12]. The DAFSfile
hascontentgroundtruth for every glyph, whichis the basis
of contentmatchingin the next step. Thenline sggmen-
tation andword seggmentation software[14] [15] segmeris
word entitiesfrom DAFS file. Sincewe cannd guarantee
a 100% word segmentatia accurag, a minimum of man-
ual work using llluminator [13] tool is required to fix arny
incorectword segmentatio resultsinsidetables.

3.4 TableGround truth Geneator

Sinceweknow everywordin thetablesappearsonce we
canuseconten matchingmethodto locateary tablerelated
entity of interest.Our softwaretriesto locateary word con-
tentsfrom partial ground truth file in DAFSfile. If not, an
erroris repated. Hereis theway to make the previous step
evensimple.We only needruntablegroundtruth genergor
twice. The only placeswe needlook at are the files with
someerrasin thefirst run. After thecorrection we runthis
softwareagan to obtainthefinal tableground truth data.

3.5 Table Ground Truth Validation

For normal groundtruthingwork, validationis arequired
stepto make surethatwe getcorrectgrourd truth. Ourtable
groundtruthvalidation is alsoautomaticallydore. It checls
the geometic relationsamorg table,row, columm andcell
entities. If thereis ary discrepanyg, the pagecanbe either
removedor given to further manualchechng.

4 Conclusionand Future Work

We developedatableandits groundtruthautomaic gen-
erationsystemandusedit to developourtabledetectio al-
gorithm [7]. Usingthis softwaretool, we geneateda total
of 560 docunentimagegroundtruthwith 482 tableentities
and 10, 298 cell entities. Sincethe table simulationwork



In arder to speed up the programming process, auto- matic programming has been propased. The
method tries to develop geometric reasoning systems which can gen- erate textual programs to control a
robot fram geometric information given by geametric madels and task specifica- tions. This direction is
quite promising, however, there are many issues to be addressed before we have a complete au- tomatic
programming system; It is quite difficult to build a complete automatic programming systemn, though
perhaps not impossible.
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In his first paper (published in 1815) and later, Babbage gave special attention to

In order ta reduce the number of necessary templates, we will analyze each asembly relation in an
iterative man- ner. We will analyze simpler relations earlier and more complicated relations later. Also,
instead of considering a template to directly achieve a complicated relation from 3d-s, we will cansider
an intermediate relation, and then try to achieve the complicated relation. First, we try to achieve an
intermediste relation from 3d-s by using the templates dlready considered. Then we try to adiieve the
final relation from the intermediate relation using a newly considered template.

While the carcer of Charles Babbage (1791-1871) shows a remarkable range of interests, strang threads
bind together several of the principal anes: algorithmic thinking, with intimate links to algebra and to
semiotics. The links connect especially his mathematical researches in functional equations with his work
on math | tables and on calculating machines, but they are evi- dent also in some of his social
and industrial concerns. Evidence is presented to show that Babbage was consciously aware of at least
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some of these links. Attention to them casts light upon his achievements.

Firat, before that Society set to work in 1812, reforms in caleulus beaching had been under way, at least
among the staff, in various British institutions: in Scotland, in the circle sround J. Playfair and slso W.
Spence; in Ireland, at Trinity College, Dublin, in moves initiated in 1812 by H. Lloyd; and in the Home
Claunties of England, at the Rayel Military College and the Royal Military Academy (with P. Barlow, O.
Gregory, C. Hutton, 1. Ivory, W. Leybourn, and W. Wal- lace). At Cambridge itself, R. Woodhouse had
become acquainted with, and even the current oceupant of Newton's chair of mathematics, I Milaor (a
quite insignificant math-

In this example, at the previous step, the castle was stored on the warehouse table. Thus, the assembly
relation transitions during the entire assembly task are

(b)

Figure 2. (a) lllustrates automatic table ground truth generation procedure; (b) lllustrates an example

of generated table page.

wasfinishedby severalruns, we did notrecordthetime that
the manuwal checkingpart costed. However, the mosttime
corsumingpart was taken by runring the softwares. Us-
ing this syntheticdataset,our tabledetectioralgoiithm ob-
tainedarourd 90% cell correctidentificationrateson both
realandwholeimagedatasets[7].

To further exterd our idea, we want to add more ran-
dommessin the geneationresults.In otherwords,we want
to obtain new table entities which are reasonale but to-
tally differentfrom our input table styles. However, there
is anirony. Whenwe usemoreparametes, we cansimulate
more incoming tablestructuesbut we have lessdegreesof
freecbm to gereratenew tables.Our proposedsystemstill
hassomelimitations. First, we usedIATEX to generée table
doausmentswhich comply to IATEX layou rules. We can-
notsimulatesomerealworld tablesthatdo notfall into this
catgoary. Secondpur contentmatchirg idearequirestable
cell contentsareuniquein a given pagesowe usedrancbm,
meainglessEnglishcharacteistringsascell content. The
resultsaregoad enoudn for thoseappoachesisingonly ge-
ometic information but will have troudes whenwe con-
sider syntactic/semait analysisof the contert of a table.
They arealsogenerallydifficult prodemsfor ary tablesyn-
thesisresearch More researchwork is necessaryo make
improvementupan our current work.

A

APPENDIX

Table Parameter Set

The elementof thetableparametesetareasfollows.

Number of rows , rownwum, and numbker of columns,
colnum.

Onevariableindicatingif we have verticallines,vline.

Justificationfor eachcolumn J(1), ..., J(colnum). The
possiblgjustificationvaluesfor eachcolumnarecenter left,
right anddecimalalignment.

J(2) € {centerleft, right, decimalalignment, i = 1, ..., colnum

Lower bourd of intercolumn distance, iclb(1), ...,
iclb(colnum — 1).

Upper bound of intercolumn distance, icub(1), ...,
icub(colnum — 1).

The real intercolumndistances¢(1), ..., ic(colnum — 1),
are uniformly distributed integer numbersbetweenthe ap-
propriatelower bounds and uppe bounds. The real length
unitis millimeter.

ic(i) € [iclb(t), icub(7)]

ic(i) € Z,i =1, ..., colnum — 1

@)

Interrow distancejr(1), ...,ir(rownum — 1).



e Mean of cell length for one column, clmean(1), ...,
clmean(colnum).

e Half range of cell length for one column, clhr(1), ...,
clhr(colnum).

We call the numberof characters,includingniddle blank
space,n onecell ascell length. Usually cellsin the same
column have similar lengths. For eachcell, its real length
is uniformly distributedinteger numkersbetweenthe lower
boundandupperboundof its column.i.e.

cl(z) € [elmean(i) — clhr(i), clmean(i) + clhr(4)] )

cl(i) € Z,i =1,...,colnum @
For the purpo® of grourdtruthingby contentmatching,we
generatedhecell contentoffline. They areunique andwere
randomlygeneratedThereare9 grougsof cell contentsThe
lengthsof words of eachgroup follow normal distribution
whosestandarddeviation is 1 and meanvaluesarel, 2, ...,
9, respectiely. If meancell lengthis betweenl and9, we
justtake oneword from its appropiate group If meancell
lengthis longerthan9, we selectwordsfrom the groupwith
meanlengthas5 and put blank spacebetweenthe selected
words. Thetotal charactetengthfollows (2).

e Horizontalline list. Althoughwe are aimedat table detec-
tion without usinghorizontallines, we canstill generatehe
tableswith somehorizontallines. In the horizontalline list,
eachhorizontalline is specifiedby its row locationandstart-
ing columnindex andendingcolumnindex.

e Spanningeell list. Sometime®necolumnheade hasdiffer-
entjustificationwith othercellsin the samecolumn Some-
times one cell can spanover several columnsor rows. In
IATEX we can createthe cells spanningover several rows
andcolumns.Our currentsystemcanonly generatahecells
spanningover several columns.In the spaniing cell list, we
specifythemby row locationandstartingcolumnindex and
endingcolumnindex.

e Empty cell list. Not all the tablesarefull. We locatethe
empty cells by row locationand startingcolumnindex and
endingcolumnindex.

e Row headerlist and column headerlist.  Our table
groundtruthdatahasthreelevels: table, row/columnhead-
ersandcells. Accordingto the specifiedthe cell contens
of row/columnheaders.we cangetthe bourding boxesfor
row/columnheaderssthe union of thoseof locatedcells.

Non-table Parameter Set

The elementf the non-tabe parametesetareasfollows.
e Listitem,li. Its possiblevaluesareyesor no.
e Marginal note,mn Its possiblevaluesareyesor no.

e Text columnnumbertcn.
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