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thatofthetotalnumberofwordsvisibleonaWebpage,
17%areinimage formandthose wordsareusuallythe
most semantically important. Besides, of the words in
imageform,76%donotappearelsewhereintheencoded
text.Furthermore,thetextualdescriptionoftheimagesis
incomplete,wrongordoesnotexistin56%ofthecases.
For these reasons, research into advanced Web
multimedia document processing techniques can lead to
intelligent information filtering and knowledge
extraction tools. Hence, techniques that have been
developed for image-based documents could prove
valuable for Web documents, while at the same time,
new methods for the analysis of the web multimedia
contenthavetobedeveloped.
Unfortunately,commercialOCRenginesoftenfailto
recognize Web images due to their special key
characteristics. Web images are usually of low
resolution,consistmainlyofgraphicobjects,areusually
noiselessandhavetheanti-aliasingproperty(seeFig.1).

Abstract
Inthispaper,anovelWebimageprocessingalgorithmis
presentedfortextareaidentification.Statisticsshowthat
asignificantpartofWebtextinformationisencodedin
Web images. Since Web images have special
characteristics that sometimes distinguish them from
other types of images, commercial OCR products often
fail to recognize Web images due to their special key
characteristics.ThispaperproposesanovelWebimage
processing algorithm that aims to locate text areas and
prepare them for OCR procedure with best results.
Accordingtothisalgorithm,firsttheWebcolorimageis
convertedtograyscaleinordertorecordthetransitions
ofbrightnessthatareperceivedbythehumaneye.Then,
anedgeextractiontechniquefacilitatestheextractionof
all objects as well as of all inverted objects. A
conditional dilation technique applied with several
iterations helps to choose text and inverted text objects
amongallobjects.Experimentalresults,obtainedfroma
large corpus of Web images, demonstrate the
improvement in recognitionaccuracy after applying the
proposedtextareaidentificationalgorithm.

1 Introduction


(a)

WiththeWorldWideWebbecomingamajorsourceof
information, a growing number of documents are
published and accessed on-line. The increase and the
rapidchangesofthisinformationopennewperspectives
fordevelopingautomaticsystemstoorganizeandsearch
thishugeanddistributedcorpusofwebdocuments.The
World Wide Web contains lots of information but even
modern search engines just index a fraction of this
information. This issue poses new challenges for Web
DocumentAnalysisandWebContentExtraction.While
there has been active research on Web Content
Extractionusingtext-basedtechniques,documentsoften
include multimedia content. It has been recorded [1][2]


(b)
Fig.1.AWebimageexample(a)andazoomintodemonstrate
thewebimagekeycharacteristics.

Several approaches in the literature deal with text
locating in color images. In [3], characters are assumed
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of almost uniform colour. In [4], foreground and
background segmentation is achieved by grouping
colours into clusters. A resolution enhancement to
facilitate text segmentation is proposed in [5]. In [6],
textureinformationiscombinedwithaneuralclassifier.
RecentworkinlocatingtextinWebimagesisbasedon
merging pixels of similar colour into components and
selecting text components by using a fuzzy inference
mechanism [7]. Another approach is based on
information on the way humans perceive colour
difference and uses different colour spaces in order to
approximatethewayhumanperceivecolour[8].Finally,
approaches [9][10] restrict their operations in the RGB
colourspaceandassumetextareasofuniformcolour.
Inthispaper,anovelmethodisproposedfortextarea
identification in Web images. The method has been
developed in the framework of the EC-funded R&D
project, CROSSMARC, which aims to develop
technology for extracting information from domainspecific Web pages. Our approach is based on the
transitionsofbrightnessasperceivedbythehumaneye.
Animagesegmentisclassifiedastextbythehumaneye
if characters are clearly distinguished from background.
This means that the brightness transition from the text
body to the foreground exceeds a certain threshold.
Additionally, the area of all characters observed by the
human eye does not exceed a certain value since text
bodies are of restricted thickness. These characteristics
ofhumaneyeperceptionareembodiedinourapproach.
According to it, the Web color image is converted to
grayscaleinordertorecordthetransitionsofbrightness
perceived by the human eye. Then, an edge extraction
techniquehelpstheextractionofallobjectsaswellasof
all inverted objects. A conditional dilation technique
helpstochoosetextandinvertedtextobjectsamongall
objects.Thecriterionisthethicknessofallobjectsthat
inthecaseofcharactersisofrestrictedvalue.
Inthesectionstofollow,wepresentourWebimage
processing algorithm for text area identification that
helps commercial OCR engines to improve their Web
image recognition efficiency, as well as experimental
results that demonstrate the improvement in recognition
accuracyafterapplyingtheproposedalgorithm.

e 1 ( x, y )

whereDisthe graylevelcontrast visiblebythehuman
eyeandddefinesthewindowatx,yinwhichwesearch
foragraylevelcontrast.Fig.2showsanexamplefore
ande-1calculation.

(a)

(b)







(c)
Fig.2.(a)GrayscaleimageIg,(b)edgeimageeand(c)invert
edgeimagee-1(parametersused:D=2,d=2).



2.2.Objectidentification
Objects are defined as groups of pixels that neighbor
with edge pixels and have similar gray scale value. To
calculate image objects, we proceed to a conditional
dilationofedgeimages.Apixelisaddedonlyifithasa
similar gray scale value in the original image Ig. The
dimension of the structuring element defines the
expected maximum thickness of all objects. Objects Os
andinvertedobjectsOs-1aredefinedasfollows:

2Textarealocationalgorithm

O s ( x, y )

2.1.Edgeextraction
ConsideracolorWebimageI.First,wecovertittothe
gray scale image Ig. Then, we define as e and e-1 the
B/W edge and invert edge images that encapsulate the
abruptincreaseordecreaseinimagebrightness:
e( x , y )

1,if (m, n) :Ig(m, n) - Ig(x, y)  D (2)
°
®  m - x  d n - y  d
° 0,otherwise
¯

1
s

O ( x, y )

 1,if (m, n) :e(m, n) 1 m - x  s n - y  s (3)
°
®  Ig(x, y) - Ig(m, n)  S
°0,otherwise
¯
1,if (m, n) :e -1 (m, n) 1 m - x  s n - y  s (4)
°
®   Ig(x, y) - Ig(m, n)  S
° 0,otherwise      
¯

wheresthedimensionofthestructuringelementandSis
the expected maximum difference in gray scale values
withinthesameobject.Fig.3showsanexampleforOs
andOs-1calculation.

1,if (m, n) :Ig(m, n) - Ig(x, y) ! D (1)
°
® m - x  d n - y  d
° 0,otherwise
¯
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theexampleofFig.3bwhereobjectOnremainsthesame
forn>1):
C(pi(On))=TEXTif
j:(pi(On)  pj(On+1)AND
S(E(pi(On))ŀE(pj(On+1)))/S(E(pi(On))<s)
ANDn<N



(a)

(b)

(8)

where N depends on the maximum expected letter
thicknessandsistheallowedtoleranceinchangesofthe
4-connected background pixel set. The reason we trace
the changes to the 4-connected background pixels and
nottotheforegroundpixelsisthatduetodilationwitha
larger structuring element, the connected components
maybejoinedtogether.Inthesame way, wedefinethe
conditionforlocatinginversetextobjects.
At Fig. 4 the flowchart of the proposed method is
demonstrated.






(c)
Fig. 3. For the example of fig. 2 we calculate object O1 (a),
objectOn,n>1(b)andobjectO1-1(c)(parametersused:S=1).

2.3.Textidentification
The above conditional dilation technique applied with
several iterations (several values for the structuring
elements) helps to chose text and inverted text objects
among all objects.  The criterion is the thickness of all
objects that in the case of characters is of restricted
value.
LetP(f),thesetofpointsofab/wimagef:
O(f)={(x,y):f(x,y)=1} 




Fig.4.Textareaidentificationalgorithmflowchart.


3Experimentalresults

(5)

pi(f),thesetofpointsofalltheconnectedcomponents
thatcompriseimagef:
P(f)=pi(f)


(6)

The proposed technique for text area identification in
Web images has been implemented and tested with a
largeWebimagecorpusdevelopedwithintheEUfunded
ISTprojectCROSSMARC.Experimentswereconducted
with a variety of Web images containing text, inverse
text and graphics. The corpus for the evaluation of the
proposedtechniquewaspreparedbyselectingmorethan
650imagesfromEnglish,French,GreekandItalianWeb
pages.Wecomparedtheresultsobtainedbythe famous
OCR engine FineReader 5 [11] with and without
applying our text area location technique. For better
OCR results, we artificially increased all Web image
resolutions. In almost all cases, the recognition results
were extremely improved after applying our text area
identification technique. An example of the application

S(pi(f)), the number of pixels of the connected
component, E(pi(f)), the set of background points that
have a 4-connected relation with the connected
component, S(E(pi(f))), the number of pixels of E(pi(f)),
and C(pi(f)), the category a connected component
belongsto:
C(pi(f))=TEXTorOTHERCATEGORY

(7)

A connected component of image object On is
classified as text region if while increasing n the set of
backgroundpixelsthathavea4-connectedrelationwith
the connected component remains almost the same (see

63

of the proposed technique is demonstrated in Fig. 5.
Text location results in terms of detection rate and
recognitionaccuracyontheentirecorpusof650images
areshowninTable1.TypicalOCRresultsareshownin
Table2.


(a)





(b)



4Conclusionsandfurtherwork
This paper proposes a novel Web image processing
algorithm for text area identification that helps
commercial OCR engines to improve their Web image
recognitionefficiency. Itisbasedoninformationonthe
transitionsofbrightnessthatareperceivedbythehuman
eyeandincludesedgedetectionandconditionaldilation
processes. The experimental results obtained are very
promising since the recognition results were extremely
improvedafterapplyingtheproposedframework.
Further work includes investigation for parameter
fine tuning, taking into account character geometric
features,creatinganautomaticevaluationtooltorecord
improvement of the OCR engine performance after
applyingourtextextractionmethod.


(c)

References

(d)





(e)



Fig.5.Textareaidentificationalgorithmexample:(a)Original
image, (b) gray scale image, (c) O2 image, (d) O2-1 image
(e)Areaidentifiedastext.

Table1.Textlocationevaluationresults


Detection
Rate

Recognition
Accuracy

85,08

61,53

84,32

61,61

80,93

61,73

78,41
83,58

61,50
61,58

Englishweb
imagecorpus
Frenchweb
imagecorpus
Greekweb
imagecorpus
Italianweb
imagecorpus
TOTAL

Table2.OCRresults
FineReader5




-










SONY
1VPL-CS3
Projector


-


ïȚʌ´ *-):^




manufac
turer
rebate^

Textextraction+
FineReader5



340S2

da*sOc*m
exclusive!
BuyaSONY
VPL-CS3
Projector

7CComputers
800-723-8282
PCWORLD
THECOMPUTER
SUPER-STORE
manufacturer
REBATE"
$peciauoffers

64

[1] A. Antonacopoulos, D. Karatzas and J. Ortiz Lopez,
" Accessing Textual Information Embedded in Internet
Images" , Proc. Of SPIE Internet Imaging II, pp. 198-205,
SanJose,USA,January24-26,2001.
[2] D. Lopresti and J. Zhou, " Document Analysis and the
WorldWideWeb" ,Proc.WorkshoponDocumentAnalysis
Systems,pp.417-424,Marven,Pennsylvania,October1996.
[3]A.K.JainandB.Yu," AutomaticTextLocationinImages
and Video Frames", Pattern Recognition, Vol. 31, No. 12,
pp.2055-2076,1998.
[4] Q. Huang, B. Dom, D. Steele, J. Ashley and W. Niblack,
" Foreground/background segmentation of color images by
integrationofmultiplecues" ,Proc.OftheComputerVision
andPatternRecognition,pp.246-249,1995.
[5] H. Li, O. Kia and D. Doermann, " Text enhancement in
digital video" , Doc. Recognition & Retrieval VI (IS&SPIE
ElectronicImaging"99),SanJose,Vol.3651,pp.2-9,1999.
[6]C.StrouthopoulosandN.Papamarkos," Textidentification
for document image analysis using a neural network" ,
ImageandVisionComputing,Vol.16,pp.879-896,1998.
[7]A.AntonacopoulosandD.Karatzas," TextExtractionfrom
Web Images Based on Human Perception and Fuzzy
Inference" , 1st Intíl Workshopon Web Document Analysis
(WDA2001),pp.35-38,Seattle,USA,September2001.
[8] A. Antonacopoulos and D. Karatzas, " An Anthropocentric
ApproachtoTextExtractionfromWWWImages" ,Proc.Of
the 4th IAPR Workshop on Document Analysis Systems
(DAS2000),RiodeJaneiro,pp.515-526,December2000.
[9] A. Antonacopoulos and F. Delporte, " Automated
Interpretation of Visual representations: Extracting textual
Information from WWW Images" , Visual Representations
andInterpretations,R.PatonandI.Neilson(eds.),Springer,
London,1999.
[10]D.LoprestiandJ.Zhou," LocatingandRecognizingText
inWWWImages" ,InformationRetrieval,Vol.2(2/3),pp.
177-206,May2000.
[11]www.finereader.com

