Bi nari zation of an inmage FI ELD OF THE | NVENTI ON The
invention relates to a nethod for binarizing an i mage,
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devi ce supporting a binarization of an inmage, and to a
sof tware program product, in vhich a software code for
bi nari zing an image is stored. BACKGROUND OF THE

I NVENTION I nformation is frequently presented as a

col or inmage or a grayscal e imge, even though its
content could be presented as a binary inmage. Exanples
for such information are printed docunents, hand
witten notes, barcodes, some of the information

disipladied tan ¥FS@nCamagRoth on tele-text and on the
normal screen, some presentations on conputer

monitors, etc. In sone situations, it may be desired

tqlgqmwe@tT@@c&N@quh@N or grayscale i mage by means of
binari zation into a binary-val ued i nage, for exanple

in order to facilitate a docunent analysis or to

r @4luce nAg tdaha RAMRYRL. th MRk HIeC YR i IRG1,N% g

systens, a binarization process typically precedes the
désament tanalny ZlmagepPoeedssesy UEdRISEF, apidnani @éﬂc@ﬂronlc

C QIR 38 % \M?J?m:l_nﬁg a% Fl. rQ'z%%'lo\éa'o‘fe o9 1%% ?‘.%1' t@f a
an |1 nage h a thresho value. A binary v
t Isiod tpiaxel pregrenepriodlusst tio abfiichsa e&lfwarfeopode for

i@%%%ﬁﬁ%i% Q'aﬁ§aﬁ% l%a%eogg%Athreshold i s exceeded,
and to a

cond va for instance to
whi t e, ot herwi se. The plxels of one value, for instance

g @daamgﬂ 6%]%HE”%%VE &epresent a recogni zed

ect t he pi xe the ot her val ue, for
instance all white plxels may represent the

b%%%% QOD is frequently presented as a color image or
grayscale image, even though its content could be
presented as a binary image. Examples for such
information are printed documents, hand written notes,
barcodes, some of the information displayed on TV screen
both on tele-text and on the normal screen, some

presentations on computer monitors, etc.

In some situations, it may be desired to convert such a

color or grayscale image by means of binarization into a
binary-valued image, for example in order to facilitate

document analysis or to reduce the data amount. In most

document imaging systems, a binarization process

typically precedes the document analyzing procedures.

Usually, binarization comprises comparing an original

value of each pixel of an image with a threshold value.
binary value for this pixel may then be set to a first
value, for instance to black, in case the threshold is

exceeded, and to a second value, for instance to white,
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The task of inplenenting binarization efficiently can
be quite conpl ex. Frequently, the physical dinension
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docunent processing application varies significantly,
even on the sane page. Also, iZ binarization of

hand-w i.tten_npot es | to be enabl ed, the conpl exity
| REPEASES®. MHCaBArENonOTnEE dGmVEn: ffGiall "bPECE =11

er@@RIbu&@l%yShQWBtW%her@@%@b@@%daSQ%@bthabHYOb@éct
ynent es ac ur a scanner. However, t he

p& &I&erﬁ Xgilgi gltgﬁnﬁ §§r|§a|H€re§§|ndnSEP§Ge all

nphiilke phgees,andyotlercrebitl ehdeviaergranadequi pped to
an increasing extent with enbedded canera conponents

or with a facility for connecting an accessory device

wirhig ea@er@fcqm@qeeeh%an@hb@ﬂa@h&@@ib@kb&qleueh%agscan be
and recordi ng novies . ital caneras or enbed

caNers GQWﬁéﬁéntgr@SHﬁ&tﬂﬁustﬁé roa¥digsladhacrRing Gf 2

| BRYGL tlebt @EhkaCehatl @liseXBRPbe nheh zaCRaraGt ebcsaanRi Ng
and recognition _functionality. Therefore, a need for

tﬁé°§6§§ﬂﬁglﬁPPléFaﬁﬂ@@e§§Fﬁ&SCéﬁ@@&fﬂﬁﬁﬁééyaseW@PIOPsthe

gebhicN®aRr e AllRBOr tdnhi nAd3RE3880BS KaniGriktehvedtes is
nobi | e dévice itself is equi pped wi th i mage

bitRakiez &hieda efacithiet icO8P 1A 16h] d8CreAS&Scaner a i mage

is nore difficult to recognize than an object in a

scanner image. The reason is that with a canera, it is
nﬁmeadﬁﬂﬁe@@htmpétc@@pwemte@eaﬂw9@0ﬁgteﬁ@ppaﬁﬁéﬁpntﬁaﬁtems

WM%Qead%géﬂ%%%d Epen et CEHQyu§% H%c%ﬁ%HQEQmﬁ%e%a% quired

the i mage carefully, the processi ng of the obtai ne
c ®ive Ba sicARge rmaylowe verebltégaropulpiristl ¢f digital cameras

bﬁegﬁh%%%%sﬁkga %tg%r%obqﬁgegﬁ%n%%tagé %%h%%r%bﬁﬁﬁéuse

an uneven ing or because of an aberration
tﬁ@vggﬁgrarpe@gulpgeéoﬁ@|yp increasing extent w1th

embedded camera components or with a facility for
connecting an accessory device with camera components,
which allow taking pictures and recording movies. Digital
cameras or embedded camera components could thus be used
as a new kind of input interfaces, for example for a
character scanning and recognition functionality.
Therefore, a need for the possibility of processing
camera images as well is getting more important.
Advantageously, the involved mobile device itself is

equipped with image binarization facilities.

An object in a camera image is more difficult to
recognize than an object in a scanner image. The reason
is that with a camera, it is more difficult to control
the imaging environment than with a scanner. Even if the
user 1is assumed to take the image carefully, the
processing of the obtained camera image may be

problematic. Firstly, the brightness of a camera image



the color level surface of a canera inage is snoother
than the color |level surface of a scanner image. In

woredeniaes ds, the edge of an object in the i maRET/IH2006/052271
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exanpl e of a character, is not as clear as in a
scanner image, and therefore Yhe difference in
|ntenS|ty betme n the fore ro nd and the %éground

vERYe 8O Pra iy 1 2Br RECAYGES O TR diyVe] a"Pmige
WbﬁceeséleEoFFedbegreeaeeroFogﬁe @d&gdathhEe Gapbudes,

S s by optica ur and  vignettin
ang%d&QﬁpémﬁﬁgegpﬁPE§PC§y§FeﬁnGFmﬁﬁé ddREFalsng
t k@ agaiBled cbanses evEheseariFaell eFs sakeagspechaklgy. In other
significant in canera inages that are not wel|

f §eGs8d. the 6Fder ofo3deQPIGCh 18 CaRerd3Pfagd OTt R&ample of

p%fﬁﬁb&&@%%rqfleh%oﬁlﬁ%fblébkoﬁsl§ntﬁu%c&%hﬁr image, and
ortant. However, the perfornance of conventiona

IG §Feﬁpﬁﬁrlf§€|@ﬁféﬁﬁﬁég@hé§ d@yERdd tan beaiaRet &hs

erplreyeduna Lhe RheabhzabiretndEverikk anPakhiCuhakraet
of paraneters works nicely for one inage, theéese

p&ﬂéﬁ@ﬁer?h&ﬁpﬂyno§tCﬁﬂﬁéﬁylﬁégeb@a§upﬁagﬂétpéﬁe§tPér

| FRYeS N@ﬁ%@vﬁﬂde%y%@ itheaRpRLI-ERl iRAGATELEN Wil as by
conputed carefully, the binarization approach may f ai

t @Dpiegdr P Urnpaet AfEnestinos thett REesdigetar &hef orpical

oRjRGm G2NsedUeRklkY-a,Seuakal Rhebl-efe Hayenkeshe These
consi dered when binarizing a“canmera inmage. Various

mPrebdsmgae&chesregdpdiloped gng fhicaali ia gamemagémages that
These et hads gggugedgla33|fled into gl oba

bi nari zati on net hods and | ocal binarizati on net hods.
In a gl obal binarization nmethod, the nost inportant

?E%po%9%§'%%Sgegld%ﬁ%ﬁnbnbg e@agh%ggl t@%%S ogﬁbﬂ%e of

I's threshold value w | en be used as a ec

f &beoinarization is thus very important. However, the
performance of conventional local binarization approaches
depends on parameters employed in the binarization. Even
if a particular set of parameters works nicely for one
image, these parameters will most likely not be suitable
for other images. Moreover, even if an optimal parameter
is computed carefully, the binarization approach may fail
to preserve important details of the structure of an

object. Consequently, several problems have to be

considered when binarizing a camera image.

Various methods have been developed to binarize an image.
These methods can be classified into global binarization

methods and local binarization methods.

In a global binarization method, the most important step
consists in determining a global threshold value. This
threshold value will then be used as a deciding factor

for each pixel of the image. This method is based on the



for each pixel of the image. This nmethod is based on
t heassunption that the input histogramis bi-nodal
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ef fectiveness for uniforminages. But if the
background or the noise characteristics are

non-uni fQrm this appr.oach result .in_lar rrors
SRRURDLOEH thiar ant P R a 0 A A baragaal - The

tbﬁ@&h@b@el@fdeh@@wm@e@oUOﬁsewe@yspmpahcaﬁyaanuwage
based on sone |qcal statisti.cs. né&%opular

bPAAFCHAVFOR Set REAS A€ Wi HB6@as a66r6§€h§§°kﬁﬁou“d

WairClthet BeilseCahatrhceshalsd iker agepn¥@l-uhiifolrm), ithis
conmputed fromgray | evel _values of the pixels in a

WPRBSRAEENFEYedes Lt 11y LRrIeyErteEs -f or nul as have
been proposed for conputing such a local threshold. A
| ocal binarization method has al so been presented

P
. BN, andpradr bipariAgapeny 8ethreshal deRgcrsed ﬁ@resh%ld is
DU%%%@%@%%@?fo@u%QB@@CpI§%ﬁnb%abnR§ﬁﬁﬁb BEBG=23vhl@ome

1993. The presented nethod is specifically designed
f dPCrhagés taShil&ini NG pr PRPEd afeCcand Pdses 1gdfilrg methods

akeLage s db@ - %%%b@ﬁa%%%%%ch@% OEBC%%gcﬁf the 1ocal
bi nari zation. The idea of this method is to run

t kPeegholle forage Pkl (dal 0l 461 FeTRUFSE Agosumray level

thaihast of %%%npﬁkéQ%S1nmﬁe%lhﬁ%wV%%H%eQ%daaE'&%‘ S .
significantly | ower than a noving average, it is sét

t Yapligeie, forRadgwiss aaive beeneprrorkised. CPHi SOmPUséag such a

reguisnes naly .9ae pass through the inmage. The inmage is
treated as a one-di nensi onal stream of pixels, and a

novi ng sum that can be used for determ ning the noving

avenagg C?En%%l%%%ﬁghe%e@h%%C%b% 2950kl ed Rased by

on the follow ng equation:
P.D. Wellner in: "Adaptive thresholding for the
DigitalDesk", EuroPARC Technical Report EPC-93-110, 1993.
The presented method is specifically designed for images
containing printed text and uses moving averages to
decide about the outcome of the binarization. The idea of
this method is to run through the image while calculating
a moving sum of the last n seen pixels. When the value of
a pixel is significantly lower than a moving average, it
is set to black, otherwise it is left white. This method
requires only one pass through the image. The image is
treated as a one-dimensional stream of pixels, and a
moving sum that can be used for determining the moving

average can be computed directly, or estimated based on

the following equation:
M,
M, :Mi_TerpiJrl’

where M;,; is the estimate of the moving sum for pixel

pirs1- The one-dimensional stream of pixels is taken from



1+1 =M1 - +p I+l , n where M+l is the estinmate of
the noving sumfor pixel P +i. The one-di nensi ona

waeweamsd pixels is taken fronthe camera i mageCT/IB2006/052271
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according to a scanning nethod called "boustrophedon”,
neanlng "as the ox plows" in @ eek | anguage. That is,
el s are taken fron1ogg row progressing fro

t he
£6TERE HGHE ARGOFFINSt h€ RexCrSw Br QﬁFgégiﬁélled

f remuiske ophekiont'Q hﬁ@nhabt"a@t@heBbxu§u@@swhu& wekbad,
a_bi as fron1%he side of the im over_ the other is

av6gedIcThd i'Fat 8dXF0vi AGSs ﬁ$@§ {Hef @5&dTRY a

| ealgrekikeasigolrdornalue u@fQCQ@r@@@cglwh&hahﬂef&@hlQan@ext
equation: where P is the resulting binary value for
pFQ&lPﬁogrﬁﬁéﬂ@ganthﬁ@en&&EQF &P pigelstlonsitGer 8y using

| RhtiRe mERWodg SUBadnd reheb@cOsGdes oF fthxedmpgeCertadehe
value. The term M, n represents the actual noving

a@§p§§elslﬁvﬁé§eﬁo BéenGeédmatreugRYy iFat Ul 46 Fﬁ@n used

mawi B9 19 MEhirkselll d afieqyentlotorebeckedild 2pea
nmovi ng average. A sinple extension of this algorithm

averdg¥d neheBGtient threshold with the one fromthe
row above, in order to take account of illum nation
chan es and to consider also the vertical axis of the

I magey aLllwe probl em of this nethod that the
pert nta e val used to select the threshold from
t he ! s°%™%d. Experinments show that this single
val ue becones insufficient when a |large variety of

printed text inmage t%pes are bei ng used and when
dwpﬁéﬁeﬁtléaﬁpgrgﬁé ting binary value for pixel p; , where

n is the number of pixels considered in the moving sum,

and where o is a fixed percentage value. The term M,
n

represents the actual moving average. It has to be noted,
though, that also the moving sum M; itself is frequently
referred to as a moving average. A simple extension of
this algorithm averages the current threshold with the
one from the row above, in order to take account of
illumination changes and to consider also the vertical

axis of the image.

It is a likely problem of this method that the percentage
value o used to select the threshold from the mean is
fixed. Experiments show that this single value becomes
insufficient when a large variety of printed text image
types are being used and when different capturing

conditions occur.



condi tions occur. SUWARY OF THE INVENTION It is an
object of the invention to provide an alternative to

W@2003012986 bi nari zati on solutions. It is furthePCEIB2006/052271
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obj ect of the invention to enable a fast binarization.
It is further an object of théinvention to enable an
efficient binarization of an inmage captured by a
canmera. A nethod for binarizing an inage i s proposed,
WeiusMARYaQF TsECaNveNedosf pi xels. The net hod
conprises splitting the inmage into two sem -i mages and
initializing |ocal paraneters based on val ues of

pirxelis thabbheet Bfakhar eavadicaeant ot @ravhaendary
separating the sem -inages. The nethod further
cé&ﬁﬁﬁ§é§lﬁ@rﬁerﬁ%ﬁ&ténﬂuP&P@f&?@6ﬁ°§eﬁﬁﬁéﬁépﬁsfoFt is

eaghtobrt B8 $BHkcitMBGeshUsSingcal iddaRb ¥R ableesh@l@L
The adaptive threshold is_calculated for each of the

s@%PaF%ééééoﬁroéée&ﬁnéufﬁgﬁFtﬁé PROECA Predhrodgrention to

PRLARELELS of¥RE@Ver HbidR riiREe Bl 6Fessl Nthaghi RSl udRd by
an el ectronic device are proposed. Both conprise for a

bn&ff'Z&ci-on of an i mage conposed of pixels an
initializing portion adapted to split an image into

two sem -images and to initialize | ocal paraneters

bés 8¢ thRdy &ofe 18R r3izi80s aphdmagice lisn PARPRSEE r adfa€éntimage

tQsac%%ﬁ%@éﬁyo%eﬁé&%ﬁbngTthm%%ﬁbd'%%&%r%se@h%puﬁ%ggng the
processing chipset and the electronic device further

c éMpies N obitiar isemig ipereisoanddapiiéd atld zpast domad
biaatzak-anL3eRAr dhek%1f.8k 8ac Bl%fe 15We rsem 1'em§9ﬁ $n0brea

an 1 mage using an adaptive threshold, wherein the
adapeiceatt lfoe Shblnide ryalseprae&d ol heaskméf images . The

S G hiP Y8 tREICeBHD9 sbsO P ¢63hi A3’ AL 65% i zation

separately for each of the semi-images using an adaptive
threshold. The adaptive threshold is calculated for each
of the semi-images proceeding from the initialized local

parameters.

Moreover, an image processing chipset and an electronic
device are proposed. Both comprise for a binarization of
an image composed of pixels an initializing portion
adapted to split an image into two semi-images and to
initialize local parameters based on values of pixels
that lie in an area adjacent to a boundary separating the
semi-images. The image processing chipset and the
electronic device further comprise a binarizing portion
adapted to perform a binarization separately for each of
two semi-images of an image using an adaptive threshold,
wherein the adaptive threshold is calculated for each of
the semi-images proceeding from local parameters

initialized by the initializing portion.



initialized by the initializing portion. The proposed
el ectronic device can be for exanple, though not

weerosvsel y, a nobil e phone, a nobile or PCT/IB2006/052271
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stationaryconputer of any kind, a digital canera, a
personal digital assistant, or/ any kind of portable

deyi ce conpri si a camera fynctionality, etc.

FITRI Py OPRo6sk AL TOR6r ARVBFEAGED P hPop6&aaplen though
Wﬂbﬁhg&c%ﬁBﬁWQQQ,ﬁ@d@obﬂﬂebbh@hbzi@gg@bﬁﬂ6§@Q|b$a&ﬁonary
stored, erein the imge is .conposed of pixels. en
b&PW@uéfécﬁﬁe&“Hyk&“ﬁro%e§§ﬁﬁ§a&nFﬁm8FaanaeP&EPP&ﬁ#c
deMigaea 1t he ssefbwar e cgodea v @ahiizes thetsbeps dekithke
proposed net hod. The software program product can be

f 6PTPEICARGe 2a CARG a8 CStoPade tdevrdE: a menory of

an el ectronic device that can be accessed by a

processing unit of the electronic device, or a buffer .
of}&aﬂﬁdCeésﬁﬁétWﬁFﬁ BFoéﬁa@IQépﬁﬁﬁﬁcléePF@QPﬁﬁﬁo in which
Wai gh richa reolbwrr 06088 nias ik-eaded nf ehagxequdt is@Bredt, C.

The i nvention proceeds fromthe consideration that two

sURPIPRAGES SO MaNSi HEgEOTRRSEE Bifn&riKedd -i HaEPeRGeRl y

ot xeaeR Bt BEr & bfrol-eeak ngaranet efs semeheyedond ct Bevice,

bi nari zati on of each sem-inmage are first initialized
b&@@dS@ﬁtMﬁ%él§Oﬁﬁo#ﬁ@éﬂﬁe§e e sirege of. the pgogesed
agvani-age ok %?%;Mﬁ%%nbk%ﬁr%QaerG%c%e%éﬁak% for instance

bi nari zation of two sem -i'nageS enables a parallel
biendeidigeited 6forRges €V cemagemSTOTThioS PenddestrReic
bijRLizalhaR Las! 8k aklels$ehl %&h &r p%c%‘%\éé%agl%i%f olf€ne
invention that the enployeg adaptive threshold may

r eflegttrondcaldeivafcsn metti enbifdmira ofargerogkesseadst gnat of an

t%ﬁ%%%r%%ﬁ%'de@ﬁ@etE%E%f%ﬁgchiEh%ss%%%w%%%sbgbﬁeigoloaded

variation in the properties of the
for execution, etc.

The invention proceeds from the consideration that two
semi-images of an image can be binarized independently of
each other, i1f local parameters employed in the
binarization of each semi-image are first initialized

based on pixels from both semi-images.

It is an advantage of the invention that the separate
binarization of two semi-images enables a parallel
binarization of the semi-images. This renders the

binarization faster.

It is further an advantage of the invention that the
employed adaptive threshold may reflect local information
from a range related to a target pixel, and therefore, it
is not sensitive to variation in the properties of the

original image.



original image.Usually, the pixels of a digital inmage

are arranged in colums and rows . The boundary
wWGepanmsng t he sem -i mages may then be for i NBCEIB200652271

vertical line. The initialized |ocal paraneters nay

conprise in this case for eacH3rom1an initial sum of

pixel -values in.this rowi rea adjacent to the
DUREPAdR | The. PHIE L3gn: Py ErEadnand Shag (e S4adpeed n

f ebleaelk pngelrswisn each row of each sem -i mage based
on a w ndowed noving sum proceeding froman initia
sum associ ated to a respective row. Alternatively, the

bauadabyineauhyd skeafralt ingstarC g cthihamiagenrt abyl ithen Ble for
initialized [ ocal paraneters may conprise in this case
5 f&Pséé@ﬁecélNﬁﬁtéﬁaﬂn#ﬂP§| E&ﬁx&PlﬁﬂﬁéPZ€§1&8§aun this

b&ﬁﬁe&@r@hQa%r%@m@@h@%eﬁh E%l%h%a@@rﬁégnbﬁbh|k6% an
The adaptlve t hr eshol be a a%Aed for each pixe
B

i ANd&LR céP@wﬁfoPléﬁéhvééﬁﬁsl%&gé &s &@VorNa Hhend&®éd

NMaVHRGeSMRr @Geedhend ithamane Nirthikak sawMiges @araked1d may
to a respective colum. The proposed initialization

pP&v@@é@tﬁﬁ &Pt EPeht Py 160 18| PRICRatrevt Ré PRGReSEMigimage

10 T EaEbN®nl BPYE nlidRes: mbRE ngo @Ylﬁlnb'r%Q%ledQ%%Stfﬁf%ﬁlh 8d0Anitial
scanning is efficient for élimnating the bias between

sGEFesSicPEpbRS, thup ?ﬁépﬁpﬁﬁéﬁtﬂﬁy -abditeanpsavely, the

Qb y Sodilll 8eeRh 0N nSYEEeeShY 8orq¥enthl fl%te irhe
character is strongly nonlinear. One option would be

t 8 nd&d adh zedapriced @@#ﬁ@@éﬁﬂ@n@ﬁY|@@@Pﬁlﬁ@rlﬂhéhﬁﬁvpﬁ@e
Sy BUlht RS MAULY GaARLLGaLeN RE REAEESSalues in this

significantly. The proposed new scanning is nmuch_
15 egoilemnt oy ghki 2geaSadoecene §@aﬁhﬁn@0wgZQ@ﬁaéeﬂﬂ@ﬁwe&he

'%d%&%%%%a%hQ%sﬂ'ﬁ%@hb%”%ea%HEBE%d Bt 8L %0k each

column of each semi-image based on a windowed moving sum
proceeding from an initial sum associated to a respective
column.

20
The proposed initialization provides an efficient way to
eliminate the vignetting from the input image. The
conventional boustrophedon scanning is efficient for
eliminating the bias between successive rows, but the

25 vignetting aberration quantity i1s different on successive
rows. In fact, its character is strongly nonlinear. One
option would be to use an adaptive computational length
for the moving sum. But this would complicate the process
significantly. The proposed new scanning is much easier

30 to realize. Since the scanning is not performed in
alternating directions anymore, but starting for every
row or column anew from the computed initializations, the
vignetting is simply eliminated by the independent
computation on rows or columns.

35



row or columm anew fromthe conputed initializations,
the vignetting is sinply elimnated by the i ndependent

W@ owp12286 on on rows or colums . Further, the BEPEB200@52271
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processing in rows or columms enabl es in addition a
paral l el processing within each seni-imge . As a
consegyence of the snnothln%Fca abi.lities of th

MOV G SSumtPEhSFEATELE PIESK % K€ BIPHEr PZatPol™ ™S

t Bnas1the ihhibeliliines ai Patrhe 1dilr pebicer sahgt ke thavi B@ch

sum _Al.l the ternms used to binarize a current pixe
WSPMipeT@R8i*de the |ine, but because of noisy canera

sensors they will be quite different. Therefore, the

bi narizati on may decide that background is present
i ASi @e CORECANRERS Phe FhR FIPSthApHr 62PRYIL 15 6508&d the

a%@@ﬁ@b”@uhQ wﬁe&@ tihki & efik&ctnhs €Okl 86HheeibatSeMe thins
e%& by appl yi ng adaptive local corrections to the

Cﬁoéﬂﬁﬁss&ﬁlt?§ fHirscéden waﬁﬁﬁoWQHlHBVﬁH@ All
symeWhicehisi $isdet ebmoRed ot a Raktew! a6 xR1XQl16aBebenside
averaged with a wi ndowed noving sumwhich is

déhér riiRed PEt RegpXee &d) ACERY CTEHE ﬁ&PﬁPé@léPeY will

Pipselyn kel ane rthendyenaged rwradowad @s&wa&g z%'ﬁmo'ns maged
for cal cul ating an adaptive threshol d f

péﬁpﬂé@l&baﬁl%épkgSQ@ﬁdaﬁSa@@ﬁﬁﬁ@ﬁaﬁ“&@éﬁaébﬁgtﬁﬂpémélne
i ncreasing the I ocal influence on the threshold val ue.
In one enbodi nent of this approach, the w ndowed

mBv ifAg S§uRPRiTcaishi § sdereprisred ﬁ@p05d9a9t¢@uwaﬂ0b|%éus

'%f%%%%ag dc%&r%%%%ﬁAWbtgohged@bgggmﬁg ggﬁﬁﬁgn%ugﬁaptlve
ich is determned for a pixel "precedingt

parciadulcar rgickélonisn toh g heawd ndewesr moyRasn suin W@i@his

| BT NPTt g T oot oo

apgmﬁgp@lﬁgwpgmedopgnnbe averaged with a windowed moving
sum which is determined for a pixel adjacent to the
particular pixel, before the averaged windowed moving sum
is used for calculating an adaptive threshold for the
particular pixel. Such an additional averaging allows
increasing the local influence on the threshold value. In
one embodiment of this approach, the windowed moving sum
which is determined for a particular pixel is averaged at
least with the windowed moving sum which is determined
for a pixel preceding the particular pixel in the same
row or column, in which the moving sum is determined.
This embodiment ensures that the calculations for each
pixel can be limited to a single row or column.
Alternatively or in addition, the windowed moving sum
which is determined for a particular pixel may be
averaged with at least one windowed moving sum which is

determined for a pixel in the preceding row or column, in

which the moving sum is determined.



Alternatively or in addition, the w ndowed novi ng sum
which is determned for a particul ar pixel may be

WQe@ramsss wi th at | east one wi ndowed novi ng suPCTEB2005/052271
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is determined for a pixel in the preceding row or

col um, in which the noving sdfhis

det er m ned. Mor eover, a secog?.ap%roach i S propose
16t

d,
allOGFaVRG 't 8 RAICOR REPELPE CRPRTER | PRESTALNY tO
cehriett eteby fifsichig o $BEOAGA Y igeis a6t icve reicadl B3t ueAng a
in a Eerpendicular_dir ction, which totally canqeli
t FPSOOARENT EQTEFFEATE PHARTILAYIRE Bindr PEERePdgy lar
resullitigny Whiahvebiagaly eankeniszental usRlkinteds effect.
considered to be only a prellnlnar{ result. In )
addetti a5, the GﬂpéFﬁéﬁdi&@&66i§e§ﬁlFﬂnﬁhW6th6‘F&FFH@@l or
SeliiizoR@es ispitike ier thoganakcdi teChieobn1koh Htheseminary
further sen1-|na%es, further | qcal paraneters are .

i FetUalti-zd@ PAYRd CFantfaridf 188 ldedercndd 8Pdvé figto two

t ke rfinest sharizantals and tver birgabgepkilt diresreshl.veby.
The prelimnary result is then corrected _separately in
e&8Rs6f fupébryr SREY ~d8RISSmGEs theirnd OcRd PareReters are

| Ankikalbhzedd qedknRakamR! ahenck! alsS JRQeSiBl@ BBove for the
perform such corrections on the entire prelimnary
bifA&ey heggeonitalopadr vestacad ePdié t FeSPECoédsdivng The

S %%1i%9“%¥%rreEQQtCQ%r%EEEOQ%rQQEtQ% %E@E&%@eﬁ%_ﬁﬂeeach
obj ect conputations. This means that only those”i mage
pert ithas faréhesnsiederedaes aspoegsithbice feaithect itoa tede zed
We e adehariied 0 hel Gag b oliRg hPackgroyRdy 1y,lRe
first, prelimnary binarization step. Thus, the sane
procgsstilonsarni édicogntagel preRdmpnamyr Pldiergctinege. In
only e&”t%”%%%%ﬁe@b%%CEhﬁg g&gc%%%iﬁg'g%b%?dﬁ% e Okne
pi xel's. Each pixel that wa etermned in'the first
bickarezatioos gegpbeo lbalicrd to the baokgtogsdrmiptiows .
b%hqgtﬁ%ghge@h%% %%h%ngh%%eaﬁmggbe%%rtions are considered
for a possible correction that were determined to belong
to the background in the first, preliminary binarization
step. Thus, the same process is carried out as in the
primary direction, only in another direction and for a
limited number of pixels. Each pixel that was determined
in the first binarization step to belong to the
background may now be determined to belong to an object
as well, and the associated value is corrected

accordingly.

While the first presented approach has the advantage that
it is faster, the second approach has the advantage that

it results in better correction solution.

It has to be noted that in the second approach, a binary
output is already available before the correction is

applied, so this step is supplementary. Due to the



as well, and the associated value is corrected
accordingly. Wiile the first presented approach has

W@ b@7athvsnt age that it is faster, the second apEr/RO05/052271
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has the advantage that it results in better correction
solution. It has to be noted flhat in the second

appr.Qach, bi.nar yout i.s alread il abl e before
C RECErPaed; drites Yagstines 5eg rd FePep oFo the Cortection,

Sdﬁpb@ﬁ&@t@hﬁreE@Qet@etb@&&dbﬁl@®@|1h|6ﬁe0@ﬁb@6@hbﬂﬁ only
%U|red for the correction, it coul gfefore b

2PPPed SGAYCRoRY EnBSaTrmetO oRFFMR 8n eP&&ﬁésF%Syuéer

user notoka@xamplkd whenevee bheadsed pyingit-ySatingiiiedtion.
with the obtained primary binarization. The opti nmum

threshol d value for a pixel may depend on both | oca

|T&@eo@%ﬁ%mmo&h&%@h@h@b@blb@a@%rbéh@!k@& mEQuaepend on
advantageously | obal parameters _are _conputed in

a8aitti dR e ﬂﬁégﬁoéﬁpaﬁépéwépgr§l°®ﬁﬁcﬁm€§ﬁ beheyrer -
care of for exanple in parallel with the

initialization of the |ocal paranmeters . The )
c &h&§! aBlFANGRICRE Sddapiliobe 1t RRESASIEG TPoP re€aSRMEM teRe 11

S%@Ulk&%ﬂe%ow%ﬁetﬁ%@a&np%@ghb%%Qstam%l%ﬁc%ﬁﬂtb%ft%m%n care
gl obal paraneters. This approach is in particular

s@ift €07t 6X3ARPE tRe Padadiliede vikheshsl drisipddzgidon of the

I ijghtiing  caRdicki-ans thel Lal2s16@ 16 Bet eft Bakglickal
paraneters may be cal cul ated for the entire image or

sépaeahely for each of the semi-iimages mayothent Aar
'EBBQ%%oBh%a&%b%%E%%%% g% %hbugu%%%uoga%%&b%%&%n TRAGH

sem -1 mage can be also divid into sub I mges, for
|ﬁ@pa@@@huﬁﬁo1@M@a@¢lﬁ@&ﬁrs@@l¢@dgé9 aglept The gdebglive

g%@%@%&%ﬁﬁA%%n gﬁﬁgugelﬁgﬁﬁge Iﬁﬁ%@;%ﬁ%%%edlkoﬁa%a%% be

I mage accor tialize
paciaeset éhetcodpbiade Pmiaegersumay be calculated for the

entire image or separately for each of the semi-images.
To further improve the robustness to illumination
variation, each semi-image can be also divided into sub-
images, for instance into two or four sub-images, etc.
The global parameters can then be computed and changed

for each sub-image accordingly.

If the initialized local parameters comprise initial sums
of pixel values in the area adjacent to the boundary and
an adaptive threshold is calculated for each pixel of
each semi-image based on windowed moving sums of pixel
values proceeding from a respective initial sum, an
adaptive threshold for a particular pixel may be
determined by applying the following operations to a
windowed moving sum for the particular pixel:
1. A multiplication with a value of an adjustment
function for the moving average, wherein the

adjustment function has a decreasing value in a first



of pixel values in the area adjacent to the boundary
and an adaptive threshold is calculated for each pixe
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pi xel val ues proceeding froma respective initial sum

an adaptive threshold for a pd?ticular pixel nmay be

determ ned hy applying the follomﬁn% o%erations.to a

wi nd&Red etV g Veam ASFTEAE Spaft FOUPLA hi Xelie11in & second
mul t irghigeabifomowtinhy aveabge sokndn aaduusheentckureisiog

for the noving average, wherein the adjustnent
functPoiChad & &8¢reasPRgcvaIruBoVANY FIVFPSEPaRge THE ranges

nMoVi Bgecavierrages, by eOmsSt-amt avidl "e se@oadsesendr ange of
novi ng averages and a further decreasing value in a

t hi r §OFPRHGEDoPLRbGing2a¢BEEGEs VAL PRE -r anges are

def.i peduby ip1filcast cangidnsacend raneonbultbe gaapated

gl obal paranmeter values . 2 . Anultiplication with a

t hi r BaE6MELEEd VaLoBaltgar dnectePelrGe that fHres and the

bet waerchhe chinbstcand 1bbe 15 paeafcterpyhedegl oba
paraneter values . A's an additional operation, a

di vision by a nunber of pixels considered in the

M 3G suek¢edhd 1bepapRlitied, hndevdel ohobyORY elinbkhe of
HDVIH% suminto a nQV|ngAaverage. If the nunber is .
fP%é&,?h@W@@éﬁ?r@ﬁi§Po§ ﬁaﬂpﬁﬁéﬂaﬁuﬁeCﬁéﬂﬁobﬁeépplledr in
'@th%!Ebyc%%v%%ke%hbn&obﬁ%ga@b%SEﬁ%@taf%BQHh%navera e. If
accordlggly._lt Is to be understood that the order o

t ke paresred Soperari oRSWREY the toalSeOPed a&r BNt Fawi Py

Al eRGHHEd PR ATRY §F $1aRE 1 EURGHIORS CARRE LhRIRUERH ct1on
adaptively fromthe input inmage such that "there is no
neécessidiyaflar- a calibration. The invention can be used

for grayscal e i mages, color

It is to be understood that the order of the indicated

operations may be selected arbitrarily.

All required parameters and functions can be computed
adaptively from the input image such that there is no

necessity for a calibration.

The invention can be used for grayscale images, color
images and raw data coming directly from a camera sensor.
If the image is a color image, it may first be converted
into a grayscale image. Alternatively, however, one of
the colors may be selected as a basis for the
binarization, or the binarization may be performed
separately for two or more colors. In this case the
resulting plurality of binary images may be combined to a

single binary image.

The obtained binary image can further be corrected by

applying binary corrections, for example by means of a



i mages and raw data conming directly froma canera
sensor. If the image is a color image, it may first be

wW@owet2ed i nto a grayscal e i mage. Alternati veP@I/1B2006/052271
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however, one of the colors may be selected as a basis

for the binarization, or the BBnarization may be
per.formed separately for twq or re colors. In this .

c §8aFHemF9§GPt%ﬁ ChituPRP; 9“8faggﬁﬁﬁﬁyiW&&éénnéﬁqﬁérlng
PQﬁHVBQdbﬁ?a&yﬁh@@%@oﬂb@@bﬁlig&%%erﬁh?p@D&aE@ed IBii Ak Yy

i mge.can further. _be corrected by applying binary
c@P%@@PﬁBH&FaﬂoFlé%ﬁﬁﬁpg'by means of abinary nedian
filter applying a binary nmedian filtering and/or

bi_nary norphol ogical filters applying a binar¥,
nBipReogilcar i PEER AgdicetRes tPleddy BOERNHENC &PER1eS
t Rahighe devert bgnparablies arbicghsdegreeaeh papal be
pr.ocessi ng, each t%pe of inplenmented paralle

pﬂ@@é@Qﬁ eﬂn@@é&éiﬁd Pﬁec8@éﬂ§9!lﬁFé@é@éPﬁgt§6e€HQrall
SereREiszedg isbeledl.a sPagSirklze a9Pticon sf ar pdskarakl @btion for
processing that the initializing of |ocal paraneters

i 8 @éﬁ@ﬂé@lo@FOPﬁSE&PSIW@thFPﬁ &nééﬁﬁ&ﬂﬁﬁggppfgﬂéﬁéﬂ
PaLRAREeLS sf Ak he rikRgentt hat pairbhiia it he thniat ikdhibaitA8y of
of |local paraneters for an inmage, in which the %IXE|S
agéo&ﬁﬁaﬁgéémﬁﬁeééléﬁﬁstﬁﬁdlﬂ§®§j.5h§§pyﬁéﬁén t €

i Rihtiicabiizi;ng g0k £l 962k 1PALRAARLRLS sl $otahh 8Ha@4Yl, R which
parallel for ‘respectively at |east two colums or at

| 646t Piwe leorse ergenorRE iR codlmpisngnef rogeal @ separate

PALANBLENS 1hY 8R€ 1¢I68CTHE0R NS cGRN fised 10Ut olyn JRRr 3l el
with an additional initializing of local parameters in
apetrhdd edi feat irgsperchatvadivt Bitn leasthitwer icrdtimos @r at

Cﬁ%%%ka%%?nr%%sgntﬁ %th%eiBHEgﬁﬁggqpi o ﬁ%b%% ?%Eah%ters

parallel for each of the sem -inmges; "and/ or tha

wiinhiomet é rigicsapinz dtsi garried out in parallel with an
additional initializing of local parameters in another
direction; that within the binarization a calculation of
an adaptive threshold is carried out in parallel for each
of the semi-images; and/or that within the binarization
for an image, in which the pixels are arranged in columns
and rows, a separate calculation of an adaptive threshold
is carried out in parallel for respectively at least two

columns or at least two rows in a respective one of the

semi-images; etc.

As the invention can be used for different kinds of
images, for example for Bayer matrix images or for
interpolated images, it can be incorporated into an image
processing chain or it can be implemented as a separate
SIS (system installation suite) package that is installed

on demand.



for an image, in which the pixels are arranged in
columms and rows, a separate cal cul ation of an
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respectively at |least two colums or at |east two rows

in a respective one of the serf-imges; etc. A s the

i nyention can b%.used for. different ki%?% of 'nagﬁs,

f S CeRAMSEE 16y PRAVE! 2Rt Px CPRagEs UGS GPr example for a
i&b&b@oh@ha@i&q&gaﬁ,p&tt@ageb@rEQEObQObgﬁédtimg@mamhe

i mage processing chain qr it can be inplenented as a _
s@ﬁgigFngﬁs F§%sﬂ§ﬁ?Pﬁ§P&lP&ﬁi8ﬁ stpleyepfadige”eAgte 1n

| ani Agbakl pdeopréesmrdnihenpresentad Wikari zakipoAncan
be used for exanpl.e for a col or quantization or to
sEP5MECE taR TOGFESE NFr SHSLRE bRk dFo@Rd OPTRE LY Re&HOiraHnd
Mk phe a@ARhOYeE thar, examplia bf ahel PREe pRLeRLAGESSisNEo
that iis the first step.in a docunent processing .
spbtedn &S Reah BRiSedPABabRrEYndMe8FatarMoR Sy SDEME
Thaagiemehitt B8 10" enBhbacessidegelcs iba bt abhelhe best
possible binary inmage fromthe input imge that wll
eFABIré C& Cde fE6CT8A taPNobj ect s or a character

recogni tion. The invention can further be enpl oyed for
a large variety of applications. An exenplary use case
i §hg pryeesdioRg capetfiréigr RedegPdryRg éPraaddedgentvariety

i%ff%F6u9Ea%ib%%t ARSEsAhpahrd GQLOLasERIE. 2AplikREling,
exenplary use case is a sCanning and storing of notes
f setyicyedr apet sitevang AT ar deebrernenphafprils € fcas e

aj g%%%bn%fagdc ﬁ%&iE&a%%.”%P%urk%e&h%x%h?ﬁ%&?ah%%” bSe is
good, the user does not "have to consider the scanneg
cel scanpage eodusderdnane fwhateiss fogpredaead refrieval . A

f%ﬁ&@%%reéQERAQEX_ $C L8 saab%%%%PEB SRR ing of

scanni ng an torrng. A further exenpl aryuse
maps. If the binarization is good, the user does not have
to consider the scanned color image to understand what is
represented. A further exemplary use case is a board
presentation, scanning and storing. A further exemplary
use case 1s a scanning of text information presented on
TV sets and monitor displays, like mobile phone numbers

or web sites. A further exemplary use case 1is a pre-

processing step for barcode applications, etc.

It is to be understood that the proposed image processing
chipset and the proposed electronic device may comprise
means adapted to realize any of the presented
embodiments. Equally, the software code stored in the
proposed software program product may be implemented to

realize any of the presented embodiments.

Other objects and features of the present invention will
become apparent from the following detailed description

considered in conjunction with the accompanying drawings.



case is a scanning of text information presented on TV
sets and nonitor displays, |like nobile phone nunbers
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processi ng step for barcode apglications, etc. It is
to be understood that the propesed i mage processing
chlpset and the proposed Iectronl devi

o i iPs & onBEn SrgRESLER r o NOUEVEFe &hG Coft DENS T BILES: ade

emb@dgﬁe@t%oleEqu&bkypukbgs%@fbwaﬁalggaea$h@hednUnnbmeas a

propqgsed sof t war e pr.qgr.am pr.oduc e i npl enente
t GefeaitZerany etﬂé%ﬁFésQﬁtgg e&B&éPﬁéﬁPs éFh&&lCh

OQbﬁé&%n@@dsE©@de©% akdehe opteseapplenvedt ican iwsl.| Tt
becone apparent fromthe fol |l ow detail ed

dE5CFI Bt Pon TG SFdePRASTR LOBR; GHEL SRowdrRviRgS are not

a@&@mﬁaﬁblggad%aWhﬂg%th h&e&OaQ% %@Q@&%tQQQenH@WB%%f
that the draw ngs are desi solely for purposes of
g@fﬁ

i COGSEPAURIR Yard INstraseat HUCEH LGS Pﬁ@ PrRcesuges
t besicavery err-ofigr. which reference should be nade to
t he appended clains . It should be further understood
that the drawi ngs are not drawn to scale and that they

aBR 1FRT SkYCcRAPeRdRd oF0 Té@nGeRrelsl y i1l ustrate the
structures and procedures described herein. BRI EF

DESCRI PTION OF THE FIGJURES Fig. 1 is a schematic bl ock

d@@%faﬁ‘OflénaeE%EEﬁgﬂhE BQ&bﬁedQSQQEQ'BQ LA BRectronic
enbodi nent of the invention; Fi is a flow chart

|||ustratuﬁgva0@|ﬁgppzdﬂn@ntpnaﬂhémbpéémﬁaﬁu@fdéhece
of Figure 1,ycRk9on3 is @ diagramillustrating a |oca

paraneter initialization enpl oyed in the scope of the
biFagri Zati A of fEpgyurkagt; illustrating a binarization in

the electronic device of Figure 1;

Fig. 3 is a diagram illustrating a local parameter
initialization employed in the scope of the
binarization of Figure 2;

Fig. 4a 1is a diagram illustrating the moving sum
computation employed in the scope of the
binarization of Figure 2 for a first semi-image;

Fig. 4b 1is a diagram illustrating the moving sum
computation employed in the scope of the
binarization of Figure 2 for a second semi-
image;

Fig. 5 is a diagram representing an adaptive parameter
function employed in the scope of the
binarization of Figure 2;

Fig. 6 is a flow chart illustrating a variation of the
binarization of Figure 2;

Fig. 7a 1s an example of an original image that is to be
binarized;

Fig. 7b 1is the binarized image of Figure 7a resulting

with an approach of the state of the art; and



Fig. 4ais a diagramillustrating the noving sum
conput ation enployed in the scope of the binarization

W@RooFtpese 2 for a first sem -inmage; Fig. 4b iBCHIB2006/052271
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diagramillustrating the noving sum conput at i on

enmpl oyed in the scope of the B narization of Figure 2
for a second senijnage.; Fi 5is_a_dia am

' 8iesdft NG SHCaBABETIecHarlAgEertt EAGFGN EnbPayeiLng
in the scopethf ahhepbirBachzatkterdehgFitgutBe2invEhgioh.
is a flowchart illustrating a variation of the

bi nari zation of Figure 2 ; Fig. 7a is an exanple of an

ObEgiANAED MEgEeRtTiPat oNs oo Tiae hivwanirzes; Fig. 7b is the
bi nari zed i nmage of Figure 7a resulting with an

approach of the state of the art; andFig. 7c is the

biragiirzed h@aﬁes@heﬁbﬁﬂbebléckeaﬁbhkﬁﬁAWﬁtﬁna%lectronlc
approach according to the invention. DETAILED

DESTRCPTI BRiCE POEPLRVERT eNfficderé Pipgrizaéhematic

blheck rdizageapieh an ehechriarht devicee, iWikahienabl es
an efficient binarization in accordance with an

enbodi ment of the invention. By way of exanple, the

ebgchﬁ9nb? @%&h%Qe'StﬁeC%q%E%rBﬂngd%Qac%hag aS cafhera
hone comprising e dded canera functions. It

§hp@ebé0un@@ﬁ§té§d atW@@gHe Phanei corpuiging smpedded

Obﬁ%br%'%%n%ﬁl%h%Ct&%nh% %%Vb%euEG%EsQ%%%f'E%o%%%”‘%ﬂat it
efficient image binarization. The canera phone

i geddebeannyneglesekdad of, eflectirnstigneeva cecbhat
(%Q%%&%t%O%Qb%da%e%k%gkl%%%sQ&agéh%1%%$§ »atRkane 10

further includes a processing un

The camera phone 10 includes an image sensor 11, for

instance a CCD (charge coupled device) sensor.

The camera phone 10 further includes a processing unit 12
that is adapted to execute various software program
codes. The software codes include an optional image
processing code 13 and binarization-related software
program codes. The image processing code 13 can realize
for example an imaging chain or a JPG image generator.
Together with the image sensor 11, it forms a
conventional image capturing portion. The binarization-
related software program codes comprise an optional gray-
level computation code 14, a global parameter extraction
code 15, a local parameter initialization code 16, an
adaptive binarization code 17, and a binary correction

code 18.

The processing unit 12 could be for example a general
digital processing unit of the camera phone 10, which

runs software codes for various applications, or it could



that is adapted to execute various software program
codes . The software codes include an optional inmage

wWee@ecosw8hg code 13 and binarization-rel ated sPET/IR0E/052271
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program codes. The inage processi ng code 13 can
realize for exanple an imagind’chain or a JPG inage
gener at or.. ether with the inage sensor it

. To 11, forms
a 80&v9ﬁ9ﬁ8ﬁ§%diﬁ&&&réaBFGF?ﬁél r gk fgernatively, the
bE@@bkl?hboﬁﬁﬁhﬁdem&@EtW&b@e@@@@ga@??@das %ampFEseh@n
opt.1 ona rayl ev conmput at1 on code , a opna
p%ﬂ&ﬁéﬂéﬁ%é Fé@ﬁ@&ﬁdgg8étY§FeaPFB@&Pmp&ngétgﬁ‘18 could
| Biet a1 zaktheedcgde t&amplcadapknyemiiglapiraakis@dngode
17, .and a binary correction code 18. The processing
ufiPESteoul d be for exanpl e a general digital

processing unit of the canera phone 10, which runs
software codes for various applications, or it caqul dbe
aThediceneed Egﬁéﬁalﬁr§§é§§ﬁﬁglﬁﬁﬁpdeﬁlPeﬁﬁ@@?&éﬁ?; t he
functions of the imge processing code 13 and of the
bi nari zation-rel ated software Egogran1codes 14-18

céll dsbéCi kel eRERreédorsr toranmplre Camgra phgee 10 comprises
Precesii g othivBSebusTRe hedmebapkhene s10 ihunbehg

includes a nenory 19. It is to be understood that the

C ERBPRNERG /e WI0 CloRPrIPdEs 3 RoRddrt CON™ARLICHS OBy helt-C -
conmponent s, including components which enable a nobile
conmuni cation, etc. A binarization that may be

pér Padnged 2By 1oRe thare g ypReneerdosmerd fur &he wamerge phone
dggChicb@d Gk MBI G148t Bl JWisth 1Hhehenanae o JEitg4nesi2n

to 5. Figure 2 is a flowchart illustrating the steps
ofrefflegebicraitioz tiovwresl @ &of dr-st step, an image is
captured by the inmage

Figure 2 is a flow chart illustrating the steps of the

binarization.

In a first step, an image is captured by the image
capturing portion 11, 13 (step 201). The captured image
can be Bayer matrix image data obtained directly from a
CCD sensor 11. Alternatively, it could be a color image
output by the image processing code 13, for instance the
color image output by an imaging chain or a color JPG
image obtained after a compression of Bayer matrix image
data. The captured image can have for example a size of

640*%480 pixels, but equally any other size.

When Bayer matrix data is used, the image obtained from
the sensor 11 contains four components for each pixel,
namely one Red component, two Green components and one
Blue component. In one embodiment, only one of the Green
components and the Red component is used for the

binarization. Using only selected components in the



capturing portion 11, 13 (step 201) . The captured
i mge can be Bayer matrix i nage data obtained directly

WO e@moR9BCD sensor 11. Alternatively, it coul dP@BEIB006/052271
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col or inmage output by the inage processi ng code 13,
for instance the color inmage 38tput by an inaging

ain qor a.color JP obtai n d afte
Rkt 55 Mgy bronaor PR P aL6 ik £ECr BeglsEFey
| FBgRonanthaveues exanpheuatsioze tok @é@%&SQaﬁk&&|@ata by
I'ly any_qther _size. When Bayer matrix  dat

but e
uSee, %Pﬁét?ﬁag hdghaPde® FREHCERe & §n§8ﬁpffa€&ﬁP§|ns

f@@hp&@&ﬁ@@e@hﬂtﬁ@br@&%@spth@|pr@@@%bﬁn@n%pgéa of the
onponent, .two Green conponents and one Bl ue

c@&ﬁéﬁéﬁ@tlpﬁ -oNeTEREEdir mEfE, BdHey CORECFF N hd SGE8&N

CQ@B%E%@ESc@ﬁ@oh@%tRe@oCQ%@OQ%@bnb% woed 1fieatklein
bi nari zation. Using only selected conponents in

tﬁ@ﬁﬂﬁéppzétpéﬁcﬁ§§ Phe I8aPaRtdge -t Rat Degchonbgl eeted:

cempeRant thadueesht he c_RRpBALNef skhecBayer ikabhiy oata
by one quarter, which also reduces the conputationa

conpPakPop and ither RIESTL kB3l 68es6i RG SpoadiGrc Repears

binakikzati @Re Hgb%QveEortH%S%E%%eCQEpQﬂ%nb j2ckhes a
noi si est Conponent so its absence facilitafes in

aBAIrErek -a Oploc éss thii Sdean6i $hrg2brenkss Ofo the Rdtied,

t honghnchialjosuchor eamvRongRh $¢l aat iapalce only of
advantage, if the object that is to be binarized

appears black in the input, for instance if the object
'§A%o§%r0%@%pogghx '%1%%%%o%a%%uﬁGeb%b%%Q%%egfoh%efor

Bl ue conponent does not have nuch of an 1 npact.
ceFampdenponéhe sekget Porcesshasheodar Aidedroby ﬁ@ﬁ

eé %Hb%a@y EE% h%@%ﬁ ROAGEESIAGnC U813 40T Dy the

i onal | evel conputation code 14. The i mage
data output by the i mage capturing portion 11,

The image data output by the image capturing portion 11,

13 is passed on to the gray level computation code 14.

The gray level computation code 14 transforms the color
image into a grayscale image (step 202). This can be
achieved for instance by an appropriate averaging of the
selected color components Red, Green and Blue.
Alternatively, simply one component of the color image,
for example the Green component, could be used instead of
the grayscale image. This is enough to binarize captured
documents written in black and white. If the captured
image contains also colored characters, better results
are obtained if, for example, the Red and Green
components are averaged for each pixel. If the object to
be binarized appears in light colors, the Blue component
should be used as well. The gray level that is associated
to each pixel may be for example one of 256 possible gray

levels lying in the range of 0 to 255.



13 is passed on to the gray | evel conputation code 14.
The gray | evel conputation code 14 transforns the

W@i0o01298@mge i nto a grayscal e i mage (step 202)PCT/IB2066/052271
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can be achieved for instance by an appropriate

averagi ng of the selected col 87 conponents Red, G een

and Blue. Alternatively, sinply one conponent of the

col or inmage, for exanple the G een conmponent, could be
uged ighsleadvell thepgtayseal @nicregeesThthe ispeedowgh the

bi nari ze captured docunﬁhts witten in black an %

WRIPE L PR LRE ¢ SpTGFe @ g8 Sc GRFRPAS "4 §8Sc 5PoPEq Turther

chabaekees, ikether sueswluendr @ rokiaisned istepkar
exanpl e, the Red and G een conponents are averaged for

each pixel. If the object to be binarized appears in
|m%%to%Qth%dAb&%y@bﬁ&ecﬁﬁﬁ@%e@htéhag|@raelaéadtésthe
The gr | evel that is associated to_each

el
nﬁQOPélfB@réﬁﬁﬁﬁFeeéﬁéa§F1996Cﬁ@@sﬁ@het&ﬁaﬁopééepérameter

| ¥inAg ilan ithenr 2Bge afs Bnlo tZ25 bR tARRY blie¥elization code
conputation increases the speed of the binarization,

sildce only one conponent has to be further processed

in the subsequent processing steps. The obtained
grayscal e image data is provided to the gl obal
padPafenexteRteRet S6NCESde I1OPalhParagagItcpar amet extracted

'%&Bhakhé'%ﬂt%ggel%gg%n@ytQ%eagﬁgkbﬁepgkﬁ%%%éQtb%%ractlon
code 17. In a next stegl several gl obal paraneters are
£e

exedgctléd (Bitelm 2Ré) enflihesei gagbapy peramgitelsgl can be used
Palsanet %%t%x%%écﬁbgﬁlcgg%a%%t%§%ep 0%k 11 EQG%%pQEQR%h

par anet érs can be used” as melghts or | ocal
parabear belaw wiokl fiog eeglidiingd abemther riselcéwonsr applied

dacidi aﬁbgﬂkp%ﬁ%%e%Eh%Qﬁz%EEbhed during an adaptive

bi'nari Zation. I'n one possible inplementation of the
gl obal paraneter

In one possible implementation of the global parameter
extraction, the maximum value {(Max) and the minimum value
(Min) of the whole image are determined to this end.

Global parameters D, D1 and D2 can then be derived as

follows:

D = (Max+Min) /2
Dl1= (Min+D) /2
D2=(D+Max) /2

In another possible implementation of the global
parameter extraction, histograms are used to derive the
global parameters. First, the histogram of the whole
image is computed. That is, for each possible gray level,
the number of pixels is determined to which the
respective gray level is associated. Then, D is set to
correspond to the gray level in the middle of the non-

zero part of the histogram. D1 is set to correspond to



extraction, the maxi num value (Max) and the m ni num

value (M n) of the whole inmage are determned to this
wepw7/0Q@%bal paranmeters D, DI and D2 can t henP@BEIB2006/052271

derived as follows : D-(Mm+Mn)/2 D= (Mn+D) /2

D2 (D+Max) /2 In anot her poss?BIe i npl ement ation of

% Ob I Earanet tract grans are used
PR RS PR BRSNS 16 Ry RIS
ohokaetw@aIQOIwagepu&eagwu@uaﬂglﬁgatolan b@@e@@qhwhlch is

possi bl e gray. | ev nunber xe
é?@FﬁFﬁ@%eﬁob%thﬁ F§s§§€¥|3§vﬁﬁ§y ﬁé@éﬂaréyr D2 is

ageecitat @@rrEB96nthbs t$1@t 1bRes@r GeSRO n@vteq taﬁie wlfia¥ the
level in the mddle of the nonzerq part

of

5 hirdB&QPEAT™ 5PPF§S§@FStHOESrF@§BoH8°tBFthﬁPéﬁe§€lﬁP§9“g to
|Q%%|b&bk@&b@ﬂdth%hﬁb&tQ@fﬁgp&%ﬁéﬁﬁ%ﬂt%yﬂﬂb%e&h%&a%O%J
of pixel s bel onglntho an object, which is represented
b%eﬁﬁéshlgﬁéreﬁﬁgy Fevéls. gS@M ﬁ&ﬁ?& cpPLS agden dstep

coppgspendd eckhe t| ewegtragisanikevalagals Wﬂ%%hZE@elevels of
hi stogram represents nore then_ 10% of pi xels bel on %
t 6reNe BREKk§EoGHE1INAROC Fhies Jlepeds earédeherisoRdr 2§ a by

10 | gvehs. othl%%%Gﬁh%s t&%rgﬁayal%!%EOQQQRUE%tb% RpLEkeP for a
202) coul d result grayscale I mges with 256 Peve l's

offeePgyFtimer SaevEERiIf Agagke §ltapiingatast & 08 and

D%r%%e@%ﬁﬂ%’%Ewgkﬁgog%gnsthghr%tfl%s%'%E%QB ahSmax1mum M1
conputed for a respective grayscal e i mage. artln%
een

f AGMCOMBNE el o deB@RAG IO NAYd 258N siiered ttior drve
hiptagnam TaxicidmM lohg Goanput ed. (A aRxlmim.pay he

considered to have been obtained if the current val ue
15 | prgvéquéer veRaest ws peddi ags thel nextaswaelfutagyet Fg@lues. A

n%é%o%“Dm%%ﬁ%ﬁ%AM@lﬁgscoméuted in a similar manner

starting from 255 and proceeding towards 0. An
object/background separation value is approximated with
Sep = (M1+M2)/2. A sum S1 of histogram values is computed

20 from 0 to Sep, and a sum S2 from Sep to 255. Then the
global parameter values are obtained by D1 = S1*10/100
and D2 = S2*10/100.

Both implementations result in a good performance. The
25 first implementation performs better for a more regular

and not so colorful captured image, though.

In parallel or subsequently, the local parameter
initialization code 16 initialized a plurality of local
30 parameters (step 204). It has to be noted that for a
subsequent initialization, the captured image data could
be provided to the local parameter initialization code 16
as well via the global parameter extraction code 15,
instead of directly by the gray level computation code

35 14.



second maxi mum M2 is conputed in a simlar manner
starting from 255 and proceeding towards 0 . An

w@Rkjoeo1298@ckgr ound separation val ue i s approxi PEE/EBR006/052271
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with Sep = (M +M2)/2. A sum SI of histogramvalues is
conputed fromO to Sep, and a2$um S2 from Sep to 255.
Then the gl obal paraneter values are obtained by D =

Sl *10/ 100 and D2 = S2*10/100. Both inpl enentations

reswl theniaigeed ipetfionyanee. ikhgef ikskpilipl erenyat on
pgrforns bﬁ;ter for a. nore re%glan anﬂ_not_so col or f ul
cAPCAred PraQ&, 3t HEGGH Catln SFRAZAILEP o 18Gh @G Re iRy Squal
t ke zkogalk gear.ateh@bn Antitakilzakiloescede the wickial i zed

a plurality of |local paraneters (step 204) . It has to
b&2kEIEd St Rat OF o POA s R qUERE SSnPERal-Reat IgherHaed by

Caphuied fl ARGSnPAtataow @nhe BLoyeded rhed be ba&dh values
parameter initialization code 16 as well via the_.
gPéb&Ctharamaréfagetr ad0r6REode the sreesadion line.
directly by the gray |evel conputation code 14. For the
initialization, the image is split along a horizontal
o ROPELDILEaICOTPARALICHN Ofi RECHNCOTIRE efdafadi y@lues 1is
| TAgeS L {GRRRDA N Rinki &li a¥dhHes rofrighe el acal rPar 3aeiakal
for both sem -images aré then determ ned by nmeans of a
cérparatiien tAa€-is performed on pixel values of both
sem -i mages adjacent to the separation line. A

possi bl e conputation of such common initial values is

| Figsreate®rescnhé @nagrageoBOPi gheé 3sf eplatvantiocal first

SQRAN AL LAkel N80 1FLGUr & 3RLEHERER1ANMBRIG 13892t BAbng 4
is split i'nto a first sem-inmage | 301 and a second
s#pirtivade inft3eld igksAagna seppriagdlon AilnealBi0zat Fegh row k

S%@aEﬁbiQQaEEn%O%O%omE§§Ee%OWh% same number of pixels 304.

For each row k of the image 300, an initial value My is
calculated. In the given example, the initial wvalue M, for
a respective row k is sum of the four pixel values of the
first semi-image I 301 located next to the vertical line
in row k and of the four pixel values of the second semi-
image ITI 302 located next to the vertical line in row k.
The initial values My are the common initial wvalues for

the semi-images 301, 302.

Alternatively, in case of a horizontal separation line,
in each column of the image four pixel values from each
semi-image, which are adjacent to the separation line in

a particular column, are summed.

After this step 204, the further processing can be

performed independently in each semi-image.



of the image 300 conprises the same nunber of pixels
304. For each row k of the inmage 300, an initial value

WoR00791298¢ cul ated. I n the given exanple, the iPCT/IBEI06/052271
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value M) for a respective row k is sumof the four
pi xel val ues of the first sen¥2image | 301 |ocated

next to the verti cal i.n row kK an ft e four
i O SELEt (ERaPs 0BT Se e g r Do MRopdnpi ive

N@eXhatra zhhe ovelcbideall 7l ithe ti RelceWvks. akhani Anfudl the
val ues M) arg@%h? common initial values for

he
sERCIRfiGEs I 362 rRPLECFalir v By 20n D @asékﬁfCQmPUted

haoiczantiali tsaparativer N%nﬁmdlﬂh@a@BaQQbﬂH@ Qﬁagaedata The
i mage four pixel values fromeach sem -inage, which

aP&YFAdEnt "Eg et HE Lee paFATIGHS FPﬁegFﬁYal&XP@Pcﬁﬁ pll

celikans .ane %ﬁ@”&@ bAf heft ebhithatt @Ppe2Q4ayiha 1burikige data
processi ng can be performed i ndependently in _each

sERPLnRGe PTRY 1FES: tor &P §1dé§t26f§) bigagdrpsined chgle 17 as

t@%lqd@ﬁbl%%ebbﬁ%%bla 20Aneede %&t&ﬁ%klbﬁc%bw%s1@Sa%@/or
ut the _extracted global paranmeters D, and

t e dRpate @RSt erniinilal a)dra&d onn carg ke @F@%@éﬂi ef

I @@%c@@?}ab Thecg Ga%se 3le e Megmptaka 1bAcludes 14he gray
| evel s o pi xéls.” It has to be noted that the

grayscal e i mage data could be provided to the adaptive

biTRRr hgalbiQReC 848 ks 283 1Rl loka 17hecFirobals RAr amRLehive
extraction code 15 and/or the | ocal “paraneter

i Piinpaliizagtoon sepaeatelyi Aoregachf sgmicdimpgepy Olhe 302 .

gray |evel conputation code 14. The adaptive

bi nari zati on code 17 perforns an adaptive binarization
sépasav ey Bdepsave Someshodge vadue 3G2defkiergiinegn for each

a?ﬁ&%ﬁvgftgrgﬁgglqmﬁglu%as%dd%BeEﬂE §QO@QBe%a%ﬁoBB§a
of a sem -imge based on the provided gl obal ranmet er
vakyengherovathe pndviodedhieniprrioyiideal dadtial values.

The initial values My are used for determining a local
parameter value for each pixel pi;«a in form of a moving
sum M;.; by means of a central recursive implementation of
moving averages, as will be explained in the following.
It is to be understood that the moving averages could

also be calculated directly.

Assuming that the original image is split into two semi-
images 301, 302 along a vertical line 303, the processing

of a respective semi-image will be carried out on rows.
Figure 4a illustrates the determination of a moving sum
Mi.1 for a pixel pi+1 in a respective line k of semi-image

I 301 according to the following equation:

M, ,=M,+ P, Pis>



The initial values M) are used for determning a | oca
paraneter value for each pixel pl+i in formof a

worea7aeIsum ML+i by nmeans of a central recur siREI/1B2006/052271
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i npl enent ati on of noving averages, as will be
explalned inthe following. 123 s to be understood

t hat i ng avera coul d al so be cal cul ated
dif i IFO %ﬁsﬁn??lﬁp?ﬁg’c"?hléo%rlfg%ﬁa? T riBgects° épf’?]fll image

| {0 30O tHaf iiRRgES a3@ht 302 takorgpa ré@fibncalinki I3©3, and
303, the praqcessing of a respective m_-i_mage. W

be
c&PFi Ed¥6ut 18R%0 Crepsgar &ONZ TS L@Fr aeds -t foe lnltlal

debena rg} i 081 0d ﬂoﬁoymglslugnd\ﬂlﬁ Aepeetiiveel rpd #, |
a respective line of sem -image | 301 accordlng to
tﬁ@mPEFﬁgw@ﬁgséﬁﬁa?pén I the giyen ﬁxﬁmP &’- Be Vﬁrlables

Bléﬁh B Qr@fs@trQ%p@&Bl&%dr%w5k1h3vh@% @EXQheOEespectlve
sen1-|na e Il 302 that is adjacent tqQ the separation

I?ﬁ@hﬁoﬁlxﬁﬂdvﬁﬁéeﬁl%@Wbﬂﬁﬁ x inn&headed tighardd uendo -
left. The initial value M), valid for pixel p0O of a
respective row k , was conputed at step 204. In the
gN@gﬁDSX§Nﬂﬁear@héeﬁﬁﬁﬂéﬁﬁésl@ &h¢ BaBFeMgenero fgz3the

and I3 ¥ %h%ws%th@es%%apg%g@%eIQI9@@ Pixelenvalsues
conbined in the initial value . "Mbving suns are

déddpsitredern inh&igame Adnndn ﬁaﬂ st §@ SEirx BiL&edf Pohef a

S%%%@@c%%@b R8sl kn3024 001 o isSrnlillinslkatredohnthat is
Figure 4b. In this case, pixel pO of a respective row

i §dﬂﬁ@e|§'ﬂ‘-xélo dhes émpaurﬁﬁg@nl 130e BRay iteadpdesneft she
tB%x%%aﬁ%'r%%sm%e t%%n_»dfsh%h'en%éh%f the pixels

i ncreasing towards the right. The~l ocal influence on
the desired threshold val ue can be increased by

f%%%hq %ﬁe %ﬂ% E%eo%uEﬁgnhegq%bﬁgt%%ggg%i&A@gﬁue can be
pi xel pI+i he movi ng sum ML conputed in a
pﬂ@@@f@la_ﬁ@dstbe’p flugithgirx @vegagingi chek egpgseniemoving sum Mg
p%%%eiikgg pis1 With the moving sum M; computed in a
preceding step for pixel p;, which keeps the processing
row-internal. The resulting local parameter value is
denoted with H. Alternatively or in addition, the
parameter value H could also be obtained by averaging the

value M;.; for pixel pi+.; of the current line k with the

value M;,; for pixel pi+1 of the preceding line k-1.

The adaptive threshold T; for pixel pi+1 in a particular
row of one semi-image can then be determined in

accordance with the following equation:

zgzl[HwAP[Hj+GP}
n n

In the given example, n=8 is the window size used, GP =
D/8 is a global parameter factor depending on provided

global parameter value D only, and AP(x) is an adaptive



row-internal. The resulting | ocal paraneter value is
denoted with H. Alternatively or in addition, the

W@aane9es val ue H coul d al so be obtai ned by aREr/ERMOES2271
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the value ML+i for pixel pl+i of the current |line k

with the value ML+i for pixel 2b1+i of the preceding

line k-1. The adaptive threshold T1 faqr pixel pl+i in
aPRAPIREGart WG 6 8&86§8ﬁP9iﬁ&g@regﬁdﬁﬁeﬂiﬂga& parameter
deterwisned khdaoeqr dance with the foll owi ng equation

In the given exanple, n=8 is the wi ndow size used, GP

= D8 is a global paraneter factor depending on

prew dedpel eFalhparaneiebnyalPus)Dagldl Yheahd yAR teXkhape is
an adapt i veparaneter function dependiﬁg on provided

gIFORAI OfdramEYetNEatdebapy PARATE2CrSTRE $R&p&20f St he

f unatiseRaARA(%h &AQui-Re svway ti kanshapeces €BRLN @hkedalivie of
the gl obal paraneters DI and D2 is illustrated i

: _ n
FRGuPecseasps (ZRTHEPPESFIRALvhe 8 gePsPxApately 1 for

dackeases offf @MaRpoad ekelky ng treoappr @% Mt emheh,f @he
a value of threshold x rising fromO to D. Then, the
vaPd&coP EARPs B4Ry ShRSISe&RILY Ye 6REFAAN tad St héey ARdEcort

t hheehald o i kgl FodDp1t @ DB, Finahhy, the vahue ef ap
AP decreases further for a value of thréshold x risin
f fgRreases E5sther Eaf Be vedeR tRatheris§olghet res wal From

wWebghl b agaplavepkhiseehokd i thia ¢pRskash Vahyeweight
only when the pixel value pl+i |lies between the gl oba

pahamereptyaruédreishadd BAth Fheoskapatotalie Podot Woen
| $1Rdiysbed vaylamat | cakby E@%wéehe%ﬂéc5&8Bau”39%agggég

on the determ ned val ues of global paraneters™ D an
Dralugsc®lt had: RPesAdld shiapkasthéde deretionedsf edliasted

p%ﬁ%h&%&%&a&% eleoPly 1ReA4RRLLYE Biaa Bé%hi%ﬁ ¢ade 17
determ nes ther the gPay [ evel of the pixel p lies
akblerermiaed values of global parameters D1 and D2.

Once the threshold T; has been determined for a particular
pixel p;i, the adaptive binarization code 17 determines
whether the gray level of the pixel p; lies above the
threshold T;. In case it lies above the threshold, the
pixel p; is set to "black", otherwise, the pixel p; is set

to "white".

It has to be noted that in case of a horizontal
separation line, the processing is performed in an

equivalent manner in columns instead of in rows.

Finally, the binary correction code 18 applies binary
operations to the obtained binary image with the purpose
of correcting the binary image (step 206). More
specifically, a binary median filtering (step 207)
performed by a median filter is followed by a

morphological filtering (step 208) performed by



threshold T1. In case it |lies above the threshold, the
pi xel Pl is set to "black", otherwise, the pixel pis

wae2a07neIsevhi te". It has to be noted that in caRET/Tf2086/052271
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hori zontal separation line, the processing is

perforned in an eqU|vaIent naﬁﬁer in columms instead
in t he ary corregtio ode 18

o BerrEe BB AR op et ane TG PrE4aH BPAda niidey T tege

wirtRpblig ipuep@se de-aeohikaali.ng tt hasbichar pyurpage st ep

20 VD figally .abi dian filt
Spiioav FOLT GPAdY BV LRedi da i PESE RS Hol ety

ar@@bﬂhOb@@b@akhélbﬁ@@kﬂga¢abﬂp 208) mpephenaedcal filters
bynor phol ogi cal. filters. The binary nedian filter is
ré§ﬁoﬁ§PBP@SFGAedéoﬁo?§Pﬁé°nfﬁlﬂé§aﬁﬁénp&P66§€tﬂ8ns They

ehifenghe abli 1SHRl ko FERwrees Eh@esﬁbb%f@%t%thabt@&% as
result after the binarization. The norpho

0
f FPEePs §F§Sﬁ€§péﬁs¢ﬁﬁelﬂéﬂeeré@ﬁ@nﬁaﬁpﬁﬁaﬁgéﬁ are more

%ﬂ%@%ﬁh%n%o They chave %h%h%9|hbk% P eCRhEeelktbh® appear
ape of characters, as far as present in the inmage,

|Wpéesﬁ&ﬂé§~tﬁéth§ﬁetﬁopé prégsantato thige c&gler &< t hey

”@%%c%@%l%@aE%ﬁﬁ%r%l@%p%%rr@Q%%s%BU'@hust h%slgoa@%o
noted that the order of OCESSIH% coul d be
€

repedede trRuSirst vsealtde pesehs) gﬂéaﬂlﬁéﬂt@§§ fRe then
mphRhalegicaleifiikters and then the nedian filter. A
de-noising step with simlar tasks could be provided
instead just after the capture of the image. In this

CaS Ge-hid§ sli ggg%t%% Q%tﬂ'%%&hi%@ I s%'r%%%idCE%a?%@vEﬁed

sone unwant artifacts. is a disadvant age o
appsteen, JNeheedtert ivae qap¢@r§09ﬁ| $hiec dmegede Inoitdilvg

perg%ItQ%% a%%g%e%%e%efgﬁn%%ﬁbgﬁﬁﬁ% %lggg@y cleaned by

or manc
some unwanted artifacts. It is a disadvantage of this

approach, however, that quite sophisticated de-noising
algorithms are needed for achieving a good performance,
for example a Sigma filter with 24 adjacent rows as
input. For reasons of processing speed, it is therefore
preferred to let the adaptive process take care of the
de-noising. Experiments show that, for a larger class of
captured images, the obtained results are better when the
image is corrected only after the binarization. Moreover,
some additional binary correction is needed even if a de-
noising is performed on the captured image, which
provides a further reason for implementing the whole de-

noising in the binary domain.

The binarized and corrected image can then be stored for
example in the memory 19 for further use. Alternatively
or in addition, the binarized and corrected image could
also be presented to a user on a display of the camera

phone 10 or be processed by some further application,



for exanple a Sigma filter with 24 adjacent rows as
i nput. For reasons of processing speed, it is
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care of the de-noising. Experinents show that, for a
| arger class of captured |nag@§ the obtained results

are better when the inmage i.s corrected.only after the
DR 2ot o CONEr e GoEP B IS daPL T Gk OB harg barcode

cekhdetl appilscaeedad even if a denoising is perforned
on the captured i mage, which provides a further reason
for inplenenting the whole denoising in the binary

domei preklethidnarinaed zamd ogoRkealeptivegit¢adutthedqhe ring
stored for exanple.in the nmenory 19 for further use.
ARPEr R&L V&l YTo CUPADGA AVt (LR, UERE ‘bPRalPee§TRAGYSD

CRbraaked risTaee ¢auld idhso ke peesertadaha aocdsected a
di splay of the camera phone 10 or be processed by sone

féPFﬁ@@téﬁﬁﬁl&apﬁéﬁdlP%etgecﬁépégFéﬁ FE88Gnidgitam there is

appl iheakis@n tQf rarbar cadepraaden agphkneath@renct @n The
present ed binarization is adaptive w_t hout YGQUIYIH%

aRglddédogp Shet dRiidaBy zefkd oiséteraad IoWE enpravede

Pr-aRLEeH % gabd LYnehinans rakgwdebectad aﬁgg%oahe%h%d
automati cal'ly based on the captured image data, there

| $9B ti¥Ee SINEY IFat 180 SltEBr aBNen thiist A8 gysedmrataon of

a@@btbggcegggnbn'hﬂ%b'%ﬁb'9ﬁl%ﬁgﬁl%EE9W§ R @ahebe
processing on col ums or rows of the image in the

atapeilvelbizegr-i 7hei dnisiag 1zaikdonhgse®n cacs8kepaeisented
Oklhﬁ%lQ g%SFQQVléb%OmBQ%oh%'tbﬂ'b%%tbqgn%t%ﬁyc%% be

parallelize he initialization step of the preéesented
bieAdminatieon pionedédngor eover an efficient way to
elimnate a vignetting. It has to be noted that the

present ed operation can be
It has to be noted that the presented operation can be

varied in many ways.

For example, the gray level computation step 202 could be
skipped, as indicated in Figure 2 by dashed lines. In
this case the subsequent steps 203-205 are performed
separately for all selected color components of the
captured image. That is, four separate binarizations are
needed for an image of the Bayer matrix obtained directly
from the CCD sensor, while three separate binarizations
are needed for a color image obtained at the output of an
imaging chain and for a color JPG image obtained after
compression. A final result is obtained by applying an OR
operation to all computed binary outputs. If the gray
level image computation is absent, a very fine tuning of
the binarization for all the colors present in the input
image can be obtained. If a binarization of very colorful

images is needed, all color components should be used.



varied in many ways . For exanple, the gray |evel
conputation step 202 could be skipped, as indicated in

wor@ane9ds by dashed lines. In this case the sSuPGBIBRON052271
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steps 203-205 are perforned seﬁarately for al
selected col or conmponents of #hke captured i mage. That
ur separate_binarizations are qeeded for
56889

|F&§§ & 7t I EP3a PIRG4S Ed &ir 689192fF8H39h§qually

Cel zenpaited\Bicharbiieey Feparated bifnar paatiadisyabE sub-
needed for, a_color |nage gbtalned at, the outpungf an

i FEGRRG’ cABPACAAd Ofor % EBFoFR¥PES ABGESobE S HE& aft er
CONREES $h@A onAmbiveal ihesult sup-abkgicnednby gapplkyi ng an
OR operation to all conputed bi nary outputs. |f the
gPay AEVEr S| RAGe @8nﬁ€ﬁ§tléﬁnp§lﬁﬁséﬁﬁ tge@eraPﬁﬁ@

t doice@dahgtife bheabirzatingn figkgadl kahh@eCali@isicpr €sefthis
in the input imge can be obtained. |If a binarization

oen@eﬁyrceeeepée imkGed:i 4 /néeded, 14 PWaHdy or

C@HEQ%%%E%l%h%E&@db%u%sﬁ%aﬁe%tthacb@% ok sub-images,
araneters and D2 could equally be conputed

séﬁ&répérﬁmﬁgﬁseﬁéw EPTZCFPOPS) FOY 6KTRBREmigedhe semi-

I nghead, OBDEQEth%o§%t%E%D'%%%esuﬁ—gm%%%sb'%%Ehl%%bﬁnlmage
noves i Nnto a sub-image, the gl obal paranmeters and th
ARayx pef daiidedl dvethren CsdRge@ngcé6itdicdgoyobde

Obbgb&ékek%a%% %%er%e@be%e%lb%aﬁhb%r%&%t%%% %é%ﬁﬁ%% in
into , 4 , or 16 equall'y or differently sized

se@meﬁegeelmndaea@enﬁmmm@ceeb PragedififkEcages pRgesr
”%%190%%%S%%Q@n59& e @R nt0 sEbhe -Sealglarges, and for

nore”t han two sub-i nmages, each sem -i mage may be
d|V|ded further. Using one set of global paraneters or

%u%%t% afs gl gnal, %%VQQEEZE?PE%%%E ? N %%E%%@Q fprther

sim’| ar pertor mnces erences appear onl Yy
swegngtyo@|pﬁeﬁéetbg@ﬁm;zaﬁa@@ glescribed with reference to

Figure 2.

In this binarization, the steps of capturing the image
601, of computing the grayscale image 602 and of
extracting global parameters 603 may correspond to steps

201, 202 and 203, respectively, of Figure 2.

Further, local parameters may be initialized (step 604)
as described with reference to step 204 of Figure 2 for a
grayscale image that is split along a vertical line. The
initialized local parameters may then be used for
computing a binary image by rows in both semi-images
(step 605), as described above with reference to step 205

of Figure 2.

In addition, however, the same grayscale image is split
along a horizontal line for initializing local parameters

by columns (step 611). An initialization based on a split



Figure 6 is a flowchart illustrating a possible
further variation of the binarization described with

WO 2G0g0e98e to Figure 2 . In this binarization, P€EB2006/052271
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steps of capturing the image 601, of conputing the
grayscal e i mage 602 and of ex??actlng gl obal

paraneters 6Q3 may _cqrrespond to.steps 20 and
zé‘éonﬁeépz@ rivery 2lo ;ilrfﬁ g&lsemfntlﬁ&ief’héﬁo"ﬁoé’&lth reference
pabaRRker 20y fhFighirkl al azedn( stiep r6@4) vas tdeser i bed
wi.th reference t% step 204 of Figure 2 for a gra ﬁale
i fgé leRaratd ogpPrtesl 6Rg 2a SPeriti @drrgi e VeTirdcal line.
initialized |ocal paraneters may then be used for

conputlng a binary _image by rows in_both_semni -i mages
PE5605)LY, 088 Feddli Béd uéﬁé’véoxﬁ {ther PdPéAce P66§€é'|§ed

2@5 efi ghirgung %hllbnb@Q®|bb%@abh@mgﬁﬁﬁtsthelﬁaﬂ6rlzontal
grayscal e image .is split along a horizontal line fo

.ﬁmﬁlaﬁwfﬂﬁ§l|éé§ﬁ0539§netéﬁ§ By eColgmre reddes éPf)the

Ao Rictibal ibzakkarcbased rFaguaespl.i t al ong a hori zont al
line is nmentioned above with reference to step 204 of

Figure 2 as an alternative to an initialization based

ORh@ %ﬁﬁ%ﬁa@ﬁ%@@AQo%%ﬁtbﬁﬁhmb%%§s }Qg%atqabVWQQ% %@@
I's used for the solution presented in Figure 2 , whi

bbok igessipll 6Pdilti ege- thenhgsiedokosl cardeesinge he ObJeCt

dichealin@l 1nakecPseds En@%b@hld%htﬁ?r bfyh%oi%n%fs' QR both
presented in Figure 6 . initialized |ocal

p&caietiaegese SBIteing dworh thige sipdiitz @ﬁpatlg gphiorrigpatal line
W%%eaés%‘izf or I%%f &ChiNg et NG Rl ek oRLalNed i BESLER

|ndependent y by colums in both seni-inmages
o@p@ipmlé@tbpnt Ae spdieted.-odis merinsobhalt [Fore thdseptep,

6%%% rlhaQ§soE3 g %&%%tﬁ%%% QQEyDEQe %@b%cgnto account.

conpu atlon his neans that for t ep
If the current plxel has already been determined to

belong to an object in the primary computations of step
605, step 612 is simply skipped. So, a correction is
needed only when the background was detected in the
primary computations of step 605. In other words, only
the pixels that had been set to "white" in step 605 are
possibly corrected. If the binarization on the orthogonal
direction decides that the current pixel belongs to an
object as well, then the current pixel is corrected from
background value to object value. Apart from the fact
that a decision is only taken for a limited number of
pixels in step 612, the secondary binarization
corresponds exactly to the binarization described with
reference to step 205 for the mentioned case of a

horizontal separation line.

It is to be understood that the basic binarization (steps

604, 605) could also be performed based on a column-wise



the primary object detections are not taken into
account. If the current pixel has already been

waleiogomsed to bel ong to an object in the pri ne€yIB2006/052271
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conput ations of step 605, step 612 is sinply skipped.
So, a correction is needed onk§ when the background

was det ect ed | primary conputations of ste
| BTOCRES WG dE g ml ¢ Fﬁgaﬁq%§P§ Fﬁéﬁeﬁédoﬁeéﬁt§gﬁ %31'
"\hi2h e'isi peSifeRrmedd bakedpess ablryweatikecedcekks ihle

bi nari zati on on the orthogonal direction decides that
the current pixel belongs to an object as well, then

t M@ eCueikent ipigXxebrire céedr ealhge filkomnhbackabgwldedalbebinary
to object value. Apart fron1the fact that a decjsion
|§°6ﬁﬁ§tﬂ8%én<ﬁéﬁpé 60kt 88 TmufREP 6F FrRerdbed epgye with

612 retrbaceeeondaky sbibnar,i 2at/i andconrespomdguexactly to
the binarization described with reference to step 205
for the nentioned case of a horizontal separation

| ith@. phrsketithbe Raryndecst 8¢d at BahatheaRaSC in accordance
blnarlzatlon (steps 604, 605) could also be perforned

badéd 6ﬁea168ﬁ@ﬁﬂ9W|@éﬁr6@§s§ﬁﬁ@thﬁﬁﬂe39V§95§§§u§ﬁﬁt the

C%%E%%H'%@lﬁ%tggssﬁi%edﬁ%%)cb%r%%%th@e@1Q%§%dl%ﬁg%
row W se roceSS|n§ The resulting corrected’imageé is
|

t B adabidedredted BORam) thoregeridoke Ledesd reds11isg®, that

0RB) 8% gescknbed nahAKe Wekh nkdl 818hey ihaskens 208,
207 and 208 of Figure 2 . The presentéd variation of a

bﬁﬁéﬁpiapmo@flWoaé@érdance with the invention has the

addi tional advantage that the second split is suited

to correct the binary inmage obtained in step 305 with

r §gandeso 7andedi pad llicneéd lulsgraivey the sﬁé§@ﬁt0ﬁntbﬁe

ont3| %%@ bbﬁ%é%lz Q%n’nFE? r@iﬁ%C%'og % @9 mage that

F?g /b an 7c i'llustrate the ef% ﬁ J
is colored in the original. Figure 7b is a blnarlzed
image resulting with the binarization approach presented
in the above cited document by Wellner. Figure 7c is a
binarized image resulting with the binarization approach

according to the invention.

While there have been shown and described and pointed out
fundamental novel features of the invention as applied to
preferred embodiments thereof, it will be understood that
various omissions and substitutions and changes in the
form and details of the devices and methods described may
be made by those skilled in the art without departing
from the spirit of the invention. For example, it is
expressly intended that all combinations of those
elements and/or method steps which perform substantially
the same function in substantially the same way to
achieve the same results are within the scope of the
invention. Moreover, it should be recognized that

structures and/or elements and/or method steps shown



proposed binarization. Figure 7a is a captured inmage
that is colored in the original. Figure 7b is a
Wherwani12ed i mage resulting with the binarizatiBPeT/1B2006/052271
approach presented in the above cited docunent by
Vel lner. Figure 7c is a binar2ed image resulting with
the binarizati.on approach according.to the.invention.
WAPA O h EFE R &dbég'n CORGRA tand Yeslr PBYd “AidpSeht %8”“ or
o&hﬁb@gﬁ@mnb&:c thev 3|nvf§%@té!d>heﬁ1a§}'f bﬁh Qnic?\t@_ﬁ)tria@@ldlaﬁg any
applied to preferred enbodiments thereof, it w e
uﬁ%@r%t GdEtRICN Qi BGSCOPSSh Os SEAFCSGESt iFCHT Ofs
aegbolangas aRk bhgcheranand tdetailts dekilghe cievicees 1and s
met hods descgri bed nmay be made by those skilled in the
5 attewlPhE0t1@8par-terg Pr6m ttRe Pspilifi ted PRdy as indicated
|%Feﬁhboﬁcoﬁgroﬁxﬁﬁ@|%Ja&hsl&p@éﬁﬁ%@SEﬁrbﬁb@nded t hat
al[ conbi nati ons of those el enents and/or nethod steps
whi ch perform substantially the same function in
substantially the sanme way to achieve the sanme results
are within the scope of the invention. Mreover, it
shoul d be recogni zed that structures and/or el enents
and/ or nethod steps shownand/ or described in
connection with any disclosed formor enbodi nent of
the invention nay be incorporated in anyother
di scl osed or described or suggested form or enbodi nent
as a general matter of design choice. It is the
intention, therefore, to be limted only as indicated
by the scope of the clains appended hereto. Wat is
claimed is: 1 . A nethod for binarizing an inage,
whi ch i mage is conposed of pixels, said nethod
conprising: splitting said imge into two sem -i nmages;
initializing |ocal paraneters based on val ues of
pixels that lie in an area adjacent to a
boundar ysepar at i ng



said sem -images; and perform ng a binarization
separately for each of said sem -inmages using an

W@emph12986 t hr eshol d, wherein said adaptive threGhmB2006/62271
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cal cul ated for each of said sem -inmges proceeding
fromsaid initialized |ocal p&faneters . 2 . The

met hod according to claim1l , wherein said pixels are
arranged in columms and rows, wherein said boundary is

awvart iigak1kiimed whkerein said initialized | oca
paraneters conprise for each row an initial sum of
pi xel values in said rowin said area adjacent to said

verti gahekhba, rardpwhigrezAngabd adagtl,ventibheshabd his
adapted for each pixel in each row of each sem -inage
based CGRPL S 8dwed *fovir n§2dAn it BEEe GPRG *f-ERTaN

initial sypnasseagakaddt mageesnest twe Eewi-3magdhe
nmet hod according to claim2 , further conprising
splittingl8afrdailAgdBIalerglaPREAMEERTEI PRPRE PRt Yadwes of

further<ser thaRyese Al bhakirabngdfdcther thogaboundary
paraneters, said further initialized | ocal paraneters
conpr B§PA§ L JIe s8R dc SRBANLBAIRAI t PRE sum of pi xe

val ues inpaefe&ﬁ@pgdhaggﬂgrﬁeaﬁabq bephzgRkal FbReeach of
and correcting said binarized i mage separate ¥ I n each

of saf@ifuFeRériBapesi vages asi agavaiiyer Ghrrepold, wherein

i ni tiabiigedqbgealcpahareheis 45 cileuiailad raccandihng
toclaim2 , wherein a w ndowed noving sum which is

det er BrAEd SEBA —aMpaesi puPgeegingl fromavaidgeaikiehiged

wi ndowed FoyLRg ¥l whi ch is determned for a pixel
adj acent to said particular pixel, before said

wi ndowed noving sumis used for
2. The method according to claim 1, wherein said pixels

are arranged in columns and rows, wherein said
boundary is a vertical line, wherein said initialized
local parameters comprise for each row an initial sum
of pixel values in said row in said area adjacent to
said vertical line, and wherein said adaptive
threshold is adapted for each pixel in each row of
each semi-image based on a windowed moving sum
proceeding from an initial sum associlated to a

respective row.

3. The method according to claim 2, further comprising
splitting said image along a horizontal line into two
further semi-images, initializing further local
parameters, said further initialized local parameters
comprising for each column an initial sum of pixel
values in an area adjacent to said horizontal 1line,
and correcting said binarized image separately in
each of said further semi-images using said further

initialized local parameters.



cal cul ating an adaptive threshold for said particul ar
pixel . 5 . The nethod according to claim1l , wherein

wa200d/0p9sel s are arranged in colums and rows, P@iTEB20061052271
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said boundary is a horizontal |ine, wherein said
initialized |ocal paraneters é%nprlse for each col um
an initial sumof pixel values in said colum in said
area adjacent to said horizontal |ine, and wherein

sai.d adapheveothaesbeldns teakeuliat ed fvaereaehapiviabdowed
in each ¢ol um of _each sen1-|naﬁe based on a w.nd

wed |
movi nBOYaRPprEe¥li G fPoRFERTT PFﬁa¢°§uﬁ18§§6&F&3Q6 pixel

to a Respeetrbyedcqlivina Gindbhedmebhedgasear dhAaght @s
cIa|n15 , further conprising splitting said inmage
al ong dgtgepired trrné PAr6Lt REIRGPPRe Oséﬁﬂd|R§§§§CUlar

|nltl@hkéﬂﬂgbE@bEBe%ah@C%hnﬁ@%@@ﬁh@&ingsébﬁAE@rbaéﬁ for
initialized |lgcal paraneters conprising for each row

an i nFeilgrlatdrer aa. ﬁé‘ﬁWél"ﬁ‘e@FﬁSQﬁlS‘r égradpacerpridcular
sai d yerkical |ine, and correcting said binarized

i mge separately in each of said further sem -images

using said further initialized |ocal parameters. 7 .

The W@h@ogﬂle@%ar Qb@am@n@ 2bMc4 2 mMIGT GhB 8 @,qgweglxels
novi ng sum wh Is determned for a particul ar pixel

i s avéﬁagéarﬂpeﬁdalw|ﬁ@éw@aSné@ﬁngoyam1whpéﬁlpssald

det er gbigdak9r 18 B %8l 138haaenh 1he, Sahd Baht Isg%ar
pi xel , beforé said w ndowed noving sumis used

forcaneawaﬁ#ﬁgednlgﬁaétp@éamﬁﬁ@§ﬁop9mpéﬁ8§ai9r each column
parti gl af ik églsum of EgﬁeﬁengGegcggrgbﬁa Eglﬁhﬁ|thsald

, further conprising a Step of conputing gl obal
paran@ﬁ@ﬁsaﬂ5ﬁ0§atdtpn§géd horizontal line, and wherein

sald adaptive threshold is calculated for each pixel
in each column of each semi-image based on a windowed
moving sum proceeding from an initial sum associated

to a respective column.

6. The method according to claim 5, further comprising
splitting said image along a vertical line into two
further semi-images, initializing further local
parameters, said further initialized local parameters
comprising for each row an initial sum of pixel
values in an area adjacent to said wvertical line, and
correcting said binarized image separately in each of
said further semi-images using said further

initialized local parameters.

7. The method according to claim 4, wherein a windowed
moving sum which is determined for a particular pixel
is averaged with a windowed moving sum which is
determined for a pixel adjacent to said particular

pixel, before said windowed moving sum is used for



wherei n said adaptive threshold is cal culated for each
of said sem -images taking in addition account of said

wQ@b@balgpar aneters . 9 . The net hod accordi ng POT/tH2061052271
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8 , wherein said global paranmeters are detern ned
separately for each of said séki-image s . 10. The

nmet hod r di to claim.38 said initialized
Iocalcﬁi éP éBnﬁP@?ElVﬁ|Fﬁg EBEQ %Prpﬁﬁéﬁ Vafgesular
i n sapbdxanga adj acent to said boundary, wherein

adaptive thresholds are cal cul ated for pixels of each
sem -i mage based on wi ndowed novi ng suns of pixe

val ueshpr aeedadidng ckbeaiagr espeghiiwe 1i, NitirdhesUdom@Rd sing a
wherei n an adaptive threshold for a particul ar pixe

i's def&RRi Réd csylpaﬁﬁwl AgoPRd P@F@Bﬁtﬁgs()é@ffaﬁ@aﬁﬂs ipgge,

a ”UVMHQr%Eﬁ\%@ﬁdtﬁaapﬁﬁbbc%héésﬁb&@|1sac€u%h§bQ6dbfo§
nunber of pixels considered in said nDV|n%ﬂFun1to

obt ai R2& BV & @lgvéﬁgéelmégﬁﬁlFﬁﬁPPSaﬂPoﬁ thog ¢grqEnt

of an zdjisustimgnbrhunehiraneker-ssai d moving average,
wherein said adjustnent function has a decreasing

value in a first range of noving averages, a constant

val uethl acs8eand L3R nef +BPWI1AgmA%er 39e$3Rds8id global
further decreasing value’in a third range of noving

aver a§égangiied sr ange debeirng neef spearByea Yf ifpst cag &f said
second.qne jpkqeai d conputed gl obal paraneter val ues;

anda nultiplication with third conmputed gl oba

paraneter value that |ies between said first and said

Sg@onghgogggbgg QEQQQBlﬁ%:%%ekﬁﬁlﬁabue%heé%ln Iheq

met hod accor Ing to cla wherei n sai I mge
initialized local parameters comprise initial sums of

pixel values in said area adjacent to said boundary,
wherein adaptive thresholds are calculated for pixels
of each semi-image based on windowed moving sums of
pixel values proceeding from a respective initial
sum, and wherein an adaptive threshold for a
particular pixel is determined by applying the
following operations to a moving sum for the
particular pixel:

a division by a number of pixels considered in
said moving sum to obtain a moving average;

a multiplication with a value of an adjustment
function for said moving average, wherein said
adjustment function has a decreasing value in a first
range of moving averages, a constant value in a
second range of moving averages and a further
decreasing value in a third range of moving averages,
salid ranges being defined by a first and a second one

of said computed global parameter values; and



iIs a color imge, said nethod conprising a preceding
step of converting said color inmage into a grayscal e

WO pwge1298d2. The met hod according to claiml ,PEUIB2e052271
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conpri sing applying binary corrections to said

bi nari zed i mage. 13. The methé#i according to claim 12,
wherein said binatycorrections conprise at | eas n

o 5 bl nafy THLGRA L EREAPTnY kRd LA B aPPOHGF Inal 60 Lal
filtepargmetédr Theueethad aceer Befgebd ebadMfirsti Bnd said
which a parallel processing is carried oyt in

accor G&RCBIWFPRPAEelegsPPERe PEEAMRECFoVPSWERg: - sai d

initializing of local paranmeters is carried out in

parallel with a conputing of global paraneters for .

saild Fﬁﬁg@?tﬁP§h?ﬁC§§ﬂ&n9nF9iSﬂﬁiﬁné'oWhpéééP said image
par angiess cbebraimhBBgesail Whik&BdsSabapRixehs al 8receding
arranged in columms and rows, a_separate initializing

of | 0E&FPpRIareP¥rEtiadc SAAPeGOdGE LR2FSr &Pl af grayscale
respeghibvely at |east two colums or at |east two rows

; said initializing of |ocal paraneters in one

direction is carried out in parallel with an

addi t irpaakhei-Rbll akk-airfgngf thoeak iRanameherseirn -3Rahehing
direction; within said binarization a cal cul ati on of

an adappilvénghPeésRalvd cPEregiired &at SeAdpRraprerefoimage.
each of said sem -imges; andwithin said binarization

for an image, in which said pixels are arranged in _
caBumAgecangtheds acgosdpapgate €arém akiohefreanp said binary

adaptb&%r%@%%%ﬂglgoh@rise at least one of a binary media

filtering and a binary morphological filtering.

14. The method according to claim 1, in which a parallel
processing is carried out in accordance with at least
one of the following:

- saild initializing of local parameters is carried
out in parallel with a computing of global
parameters for said image;

- within said initializing of local parameters for
an image, in which said pixels are arranged in
columns and rows, a separate initializing of
local parameters is carried out in parallel for
respectively at least two columns or at least two
rows;

- sald initializing of local parameters in one
direction is carried out in parallel with an
additional initializing of local parameters in
another direction;

- within said binarization a calculation of an
adaptive threshold is carried out in parallel for

each of said semi-images; and



carried out in parallel for respectively at |east two
columms or at least two rows in a respective one of

W@ 2000/08286 - i mages . 15. An i nage processing chP@BEE2006/052271
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whi ch conprises for a binarization of an inmage

conposed of pixels: an initiaPBPzing portion adapted to
split an inmage into t senm -inages and to initialize.
ocal “par HiEleRs SBadel BR v APhee of OB %8I STERRY e hAch
an area aghageptxkdsaabeundasygsapanatbNgmsadi €nd rows, a
sem i mages; and_a binarizing portion adapted to _
perforn1aSSPﬁéﬁF?aFﬁéﬁuééﬁégatQﬁyaﬁoﬁdéﬁ hVEf thpgshold 1s

seni - i mages refieanoufaga pakaglam_adapkbgﬁebh&eémgldt least
wherein said adaptive threshold is cal culated for each,

of said s&MP- FRAYBESpPEcEEdILRGSFr GHPI 5E4F par amEfEpsctive
initializedebyrsabdal Behiakimayag.portion. 16. The

i mage processing chipset according to claim1l15,

further conprising a global paranmeter extraction

parsti an agagkedrbeccenpyt engdbabal, paRarEtenpricksSabd a
i mage, wherein said binarizing portion is adapted to
calcub&@érééﬁaléaaﬁﬁiﬁé LAPESh6PAPPEEde@EhPKEd &itd

sem -images takind186¢aENpoRt 188l daghbebal tBakBEeES image
also . 17. An el ectroniC device, which conprises for a
biharﬂ?&?!@Wooﬁeﬁﬂ‘Fﬂﬁgéscéﬁﬁo§@dl@ﬂtﬁ?%éF§:lﬁﬁél
i ni tigbi-ziageparbharqadariaduke erl bixafsi MRge hAEOin an
two sem -inmages and to initialize |ocal parameters
basedaggavadiasest sPxel poungderli 6eParatandasadfacent -
to a houpdary s@parating said seminmages; and
a binarizing portion adapted to perform a
binarization separately for each of two semi-images
of an image using an adaptive threshold, wherein said
adaptive threshold is calculated for each of said
semi-images proceeding from local parameters

initialized by said initializing portion.

16. The image processing chipset according to claim 15,
further comprising a global parameter extraction
portion adapted to compute global parameters for said
image, wherein said binarizing portion is adapted to
calculate said adaptive threshold for each of said
semi-images taking account of said global parameters

also.

17. An electronic device, which comprises for a
binarization of an image composed of pixels:

an initializing portion adapted to split an image
into two semi-images and to initialize local

parameters based on values of pixels that 1lie in an



a binarizing portion adapted to performa binarization
separately for each of two sem -i mages of an i nage

waigiong12286 adapti ve threshol d, wherein said adapCi/ug006/052271
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threshold is calculated for each of said sem -images
proceeding fromlocal paranmetéfs initialized by said
initializing.portion. 18, The el ectronic.device

accor @i'fig ngéFﬁPﬁ1f? 3t BPPRERTEoRFPPEPAG S §F&GaFeml‘
paraneh@ge@xtéaatlon portion adapted to conpute gl oba

paraneters for said wherei n said binarizin
portion i§ S&BBFéalPa egrtapatadéaFa dadqpPryéorm

threSBQhGrﬁQét@@ﬁhs@ba&ét@lﬁeﬁbrl6&@@SOE3KWBgséﬁﬁgdﬁbges
of sald gl ohal paraneters a . 19. The_electronic

devi c@TaéorBPAG Péléga@ﬁlf?apﬁﬂgﬁelHr§§P819PeUP?6698 said

devi cadaptane ehrashBbul espBaneuiateanpuietacd difgishal
camera, a personal digital assistant, and a portable

deV|cée@énﬁﬁﬁgﬁﬁgpéoéﬁﬁéﬂﬁgféﬁeﬂléﬁﬁ?ﬂt?araﬁéteAs

sof t wvahe tpregRam Byoddst, ihAtwalghiagsebiwabe . code for
bi narizing an inmage is stored, wherein said inmage is

conposed of pixels, said software code realizing the

f qlgl owhag 3keRS WHEN 4Gl RE @&%@%ﬁ@ngxoacmég&egslngurther
unit of an electronic device: splitfing said inmge

i nt o FRBPEERTNDNAgESOPRAI PRARNELRG PEEARCEAPANBPELEON

based gap¥alhues ebn ?b%%'%lbﬁéﬁ bb%ah@té@saE%é adkaceRbge,
to a boundarysepara ing Said sem -inmges; and

per f oWhEAgia BRAdr PZaBIroA186pRPALEPY fier adaphedf toai d
sem - (HRgeS a3l B 1aN adaRtLKe thheesRekd FoWh8EBHN o F said

semi-images taking account of said global parameters

also.

19. The electronic device according to claim 17, wherein
saild electronic device is one of a mobile phone, a
computer, a digital camera, a personal digital
assistant, and a portable device comprising a camera

functionality.

20. A software program product, in which a software code
for binarizing an image is stored, wherein said image
is composed of pixels, said software code realizing
the following steps when being executed by a
processing unit of an electronic device:

splitting said image into two semi-images;

initializing local parameters based on values of
pixels that lie in an area adjacent to a boundary
separating said semi-images; and

performing a binarization separately for each of
said semi-images using an adaptive threshold, wherein

said adaptive threshold is calculated for each of



sai d adaptive threshold is cal culated for each ofsaid
sem -image s proceeding fromsaid initialized | oca

wW@avoaexoes s . 21. The software program product PCT/IB2006/052271
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according to claim 20, wherein when being executed by
a processing unit of an el ect®énic device said

software code further realizes a step of .conpuyti.ng.
gl obaF3pdr SFBLErBaesS BAPGerAagd, &8 S&&ng'rﬂ%\}élaglzed
t hr eshekd1bgargmetkedl.ated for each of said

sem -i mages taking account of said gl obal paraneters
al so.

21. The software program product according to claim 20,
wherein when being executed by a processing unit of
an electronic device said software code further
realizes a step of computing global parameters for
said image, said adaptive threshold being calculated
for each of said semi-images taking account of said

global parameters also.



