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Abstract

Reasonablsuccesdhasbeen achievedtdevelopingnono
lingual OCR systems in Indian scriptsScientists,op-
timistically, havestartedto look beyond.Development
of bilingual OCRsystemsand OCR systems with capa
bility to identify thetext areasresomeof thepointers
to future activities inIndian scenario. The separation
of textandnon-text regionsbefore consideringhedoc
ument imagdor OCRis animportanttask.

In this paper,we presentabiologically inspired, multt
channel filtering schemtor page layoutanalysis. The
sameschemehas been usedfor script recognitionas
well. Parameter tunings mostly doneheuristically. It
has alsobeenseento becomputationallyiablefor com-
mercial OCR systemdevelopment.

INTRODUCTION

Discriminating betweerthe textand non-text regionf a
documentimageis a complexand challenging task.Ilt has
kept thescientists, workingn this field, puzzledfor quite
sometime now [1, 2]. Thenon-textregionsof adocument
image could consisif graphs, naturaimages and other kinds
of sketches drawwmith lines. In such a casehe taskof iso-
lating thetextregions prioto goingfor character recognition
is a must.In the cas®f bilingual documentsthereis also a
need for identifyinghe scriptof the text before starting char-
acter recognitionThis simplifies segmentatioaf characters
in the casef certain scripts and also reductiee searclspace
in the databaseHumangerform both theabove mentioned
tasks withamazingefficiency. Therehave beerattempts to
find outthe way human braiachievest. Thisprocessould
bemimickedin system automation.

Biological visual systemsare said tobe involving a setof
parallel quastindependenfiltering mechanismsat the cor
tical level[3,4]. This supports the theorgf multi-channel
filtering of signalsin systems that modediological vision
{5]. Sucha filter schemeemploys a filter-bank with each
filter modeling a singlehannel.' Thisnodelingjob is best
doneby Gaborfunctions[6, 7]. Some researchers haved-
readyemployed thisscheme fotexture segmentatiof8, 91
while others havdried to useit for text page segmentation
[101.

In this paper,we havetakena Gaborfunction basedmulti-
channel directiondiltering approachfor both textarea sep-
arationandscript identification atheword level.
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MOTIVATION

Owingto the diversityof languages and scripts, Englishs
proven to be the binding languagen India. So bilingual
documentginvolving a regional language and Englisre
quite prevalentat present. For practical OCR systemas
work in such a situation, bilinguaCR systemis required.
Generally, thereare two schoolsof approachegaken for
such atask. One school believesn identification of the
scriptof thetextbefore takinghecharacters for recognition.
This helpsin reduced searchn the databaset the costof
the script recognition task.The other school hagaken a
combineddatabasepproach.In this case the databasef
reference charactetmvethe alphabets from tHecal script
as wellas theRomanscript. Herethe databases largeras
it includes characters froboth the scripts. Considering the
casefor a bilingual OCR systemfor Tamil script, thereare
137symbolsused fromTamil scriptand 72symbolscome
from Romanscript. If a combined databasapproachis
taken therfor recognitionof eachsymbol,the searchspace
increasedy about53%for eachTamil characterand about
190%for each Roman characteBesidesthereis a dan-
gerof different charactersf a given wordgettingclassified
to different scripts. Suchan unwanted scenéjowever,is
avoidedby employingsomepost-processingcheme.
Some amounbf work has already been reportéat the
recognitionof the script.In thework reportecby Chaudhuri
et. al. {11], the authors have assumealiscript text lines
in multi-lingual documents.Thoughsuchan assumptioris
valid in somelimited situations,in a general casee need
to recognize the script word level. Suchan approach has
beenreportedby Dhanyaet. al. [12], which serves ashe
basisfor the reported work.

Besides, most researchers have assutm&tdthedocuments
aretextonly. But a general classf documentgontainim-
ages, graphs, tablandsketches alonwith text. Tothebest
of ourknowledge yery little work hasbeenreportecon OCR
systemwhich tackle this issuén Indian contextln thework
presentedy Chaudhuriet. al. {13], the authors assuntee
presencef only naturalimagesin the text documents. They
take a connectedomponentnalysisbasedmethod,in bi-
nariseddocumenimages,to separateut text regionsfrom
therest. Inthe method reportedby us, we assumehat the
textregionsof adocumentimage apredominantlyhigh fre-
quency regions. Henaee have takera filter-bank approach
to discriminate text areas from non-text areas.
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GABOR FILTER BANKS

A bankof Gaborfilters arechosen for theasksundercon
sideration, namely, script recognition atekt separation.
This is becausef the inherentadvantages offerelly Gabor
function. They are: (i) its the only function for which the
lower boundof spacebandwidth producis achieved(ii) the
shapesf Gaborfilters resemble the receptivieeld profiles
of the simplecellsin the visual pathway.and(iii) they are
direction specific bandpassfilters. Gabor[14] introduced
the functionin 1946in one D casewhich was later extended
to 2D caseby Daugman[15].

A Gabor functionis a Gaussian modulatday a complex
sinusoid.In a2D casewe put it mathematically,

hz,y) = g(a',y") exp[j2r Uxz] 1)

wherez’ andy’ arethe x andy co-ordinatesin the rotated
rectangular ceordinatesystem.U is the radialfrequencyin
cycles/image width.

(5) =% wsl(3) o
v 1))

3)
o5 ando, explain thespatial spread and the bandwidtf
the filter function h(z,y). If B, is the radial frequency
bandwidthin octavesand By is the angular bandwidtin
degreesthen,

2 (4)

The power of discriminationof the differentfilters are de
pendenton the valuesof B, and B,. Theaspectratio of
g(z,y), definedas:

A= (5)

explains the symmetrsneasuref thefilter.

Any combinationof B,, By andU, involvestwo filters, one
correspondingdo the singfunction and the otherorrespond
ing to the cosine functiorin the exponential ternm Eqn.1.
The cosinefilter, also knownasthe real part ofthe filter
function,is aevensymmetricfilter and actsnorelike a low
passfilter, while the sinepart beingodd-symmetric actsike
a high passfilter.

Gaboffiltersof B, = loctaveandBy = 45° atfourdifferent
orientationg® = 0°, 45°, 90°, 135°) havebeenusedforthe
reportedwork. Theradial frequencyJ has beerchosenpn

a different-scale for text separation and script identification

tasks, to suit theeeds.
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Figure 1. An example bilingual document image.

DATA DESCRIPTION

Documentmagesare scannedt 300dpi by (a) UmaxAstra
5400,and (b)HP Scanjet 2200c scanners.The pages are
scannedn black and white photograph(gray level) format.
Thedocumentsvith only natural imagesreconsidered for
pagelayout analysis. Herié hasbeenassumed that thient
sizesof the text portionssary between10to 18. Thefont
sizewe have mentionedireasper definitionsof Microsoft
Inc. and usedn MSWord.

All thedocuments consideredontained the local language
as the major language (reférg. 1). Englishis the other
languageonsidered heréA setof about1000vordseach are
collectedfrom Tamil, Hindi, Odiyaand Roman script from
the abovementioneddocuments.200wordsin each script
out of the collected1000 words areisedfor the purpose
of training,i.e., for the calculatiorof the linear discriminant
function (LDF) X . OncetheLDF iscalculatedall the words
availablein the database, associateith the script, including
theonesusedfor training,areusedfor testing the recognition
accuracy. The words areavailablein binary image format
andno normalization ha®eendoneon them.

TEXT AREA SEGMENTATION

Thegoal of text separatioris to partition animage into text
and nontext region:;andto identify theregion boundaries.
Herewe have assumed that natural imagespresentn the
documentalong with text. We havetakena texture based
segmentatioralgorichm motivatedby the multichannelfil -
tering approachof human visual system(HVS). A space-
frequencyfilter bank,usingGaborfilters, hasbeendesigned
and implemented for theurpose.

Thefilter responsef acomplexfilter atany pixel(z, j) is:

E(Uz, 0;;) = \/e(ul,é?k)2 +O(U1,9k)2 (6)

wheree(uy, %) ando(u;, 8 ) arethecosine(even) andsine(odd)
filter outputsatthat pixel location,respectively.Thetotal lo-
cal energyis the sumtotal of the outputsof all thecomplex
filters atthatgiven pixel.

Er = ). E(w, 6i) (7

=1 k=1
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Figure 3. Result of Page Layout Analysis.

Welow pasdilter the magnitudeesponsémageof theGabor
filterbank (the Er image)with a Gaussian filter. Itisseen that

thisremovesrtifacts and irregularities present and, thereby,

helpsin text detection.

Weevaluate block energgteachpixel by considering blocks
of 15x 15size. An averagef the blockenergiess evaluated
acrossall the blocksin the image. This averageenergyis
multiplied by ascalefactorof 2 (decidecheuristically)to set
the thresholdor text and nortext separation blockise i.e.,
if the block energyis foundto be above thehresholdvalue,
thus calculated,the block is consideredo be belongingto
text area.

Figure 2 showsa sample document imag®ntaining2 im-
agesandHindi text. Thetext separated regions, obtainbyg
implementingthe abovenentionedalgorithm, are showim
Fig. 3.

SCRIPT RECOGNITION

Therecognitionof the scriptatthe wordlevel has asignifi-
cant effecton the proces®f OCR.We take a multi-channel
filtering approach baseon Gaborfunction for this task. We
consider4 different radialfrequencies and different angles
of orientation(§ = 0", 45°, 90" and 135"). Thefourradial
frequencieswith four @’s give a combinatiorof 16o0dd and
16even filters. A given wordimageis filtered with these
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32filters and thecoefficientsmakea 32dimensionaffeature
vectorv. Taking asetof samplewords fromeachof the
scripts(local script and Roman script), we deciaeDF, X,
which best discriminatdde scriptsin the featurespace.
Thetraining feature spaces representetly matrix A. If we
haveN sampleseachfrom the regional scripandRoman,
referredto asclassesy; andws, respectively, thethe size
of Ais 2N x 32. Eachrow of A 1s afeaturevectorv.

AX =B or,
X =A"'B

whereB isacolumnvector ofclassvaluedw; = landw, =
1). Since,A, in general,is a rectangular matrix, weom-

pute thepseudeinverseof the matrixA whichis of the size
32 x 2N andit combineswith the classvector B of size
2N x 1to givethevectorX whichis of size32 x 1.This
X vector represents @discriminating hyperplani the 32-

dimensionalectorspacewhich divides the spacmto class
regions.All the pattern® fagivenclass(wordsof anygiven
scriptin our case)lie on one sideof this plane. The class
value of a new patterr(a testpattern) isdecided basedn

which sideof the planeit lies.

The aboveprinciple was implemented foiscript identifica

tion of the wordstakenfrom bilingual documents. Tamil,

Hindi and Odiyawere thelanguagesn which thebilingual

documentsvereconsideredIn all the aboveasesEnglish
was the other languageThe averagetime taken torecog-
nize the scriptof a givenword is 175ms on a Pentium-1II1

basedmachine runningat 1.4GHz. The resultsof sucha
recognitionscheme habeen presentenh the tablebelow:

(8)

Table 1. Script Recognition Performance of Gabor filter
based technique on bilingual documents

Indian Script | Script RecognitiorAccuracy
(bothscripts)

Hindi 99.56

Tamil 96.02

Odiya 97.1

CONCLUSIONAND DISCUSSION

In thispaperwe havepresentedtechniquevhich worksfor

pagelayout analysisand for scriptrecognition, atheword

level, in bilingual text documents.

In adocumentgonsistingof naturalimages antextportions,

given a blockof text areaand anotheblock of imagearea,
it is naturalthat the text areacontainsmorehigh frequency
components. Thig the propertywhich we have exploited
while taking thisfilter bank approach.The filters are de-

signedto take careof this property. A cleardiscrimination

is achieved betweerext and non-textareas basedn the
amountof energypresent in the high frequency band.
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In the work presentedy Chaudhurit. al. [13], theauthors
have takera connected componesmalysis basedpproach.
They alscassume the presenaeatop horizontaline called
shirorekha oheadline in theharactersvhichjoin the char
actersin aword. Suchanassumptionbased orfeaturesof
North Indian scripts, would prevent their method in being
applied to manyotherIndian scriptsdueto the absencef
this headline. Howeveour methodeing devoidf any such
scriptdependent featumaakesa morerobustpageanalyser.
In caseswhere the naturalmage contains lodf high fre
guencycomponentsit hasbeenobserved that the proposed
schemdails. This alsdails if a handdrawn sketch is present
in placeof anaturalimage.

For script recognition,we haveconsideredhe total energy
associated with the filten the imagej.e., the amountof
energy present in thenagein the frequencyband of the
filter. Here we haveexploitedthe propertyof the scripts
considered We have seen thatymbolsin Indian scripts are
more curved than those the Romanscript. This led to
the propositionof directional energyiltering approach and
hence th&abofrfilter bank. Theresults showaboveseem to
supportour hypothesis.More importantly, since the Gabor
function has been shownheclosely mimickingthecortical
cellsof HVS, it is probablythe way humans also interpret
images and textsSincethereis no work reportedfor script
recognitionatword level,to the bestof our knowledge, the
resultsof this work could notbe compared.

Though wehaveassumedhat the documents contaionly
natural images, ia broader scenariaie have t@¢onsidemll
kinds of clutterwhich includegyraphsandsketches. Experi
mentationis underway to findhefeasibility of thetechnique
for separatiorof theareasvhich contairgraphs, handrawn
sketchestc.
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