WO 2007/012986 PCT/IB2006/052271 5 Hinarization of an image FIELD
OF THE INVENTION The invention relates to a method for binarizing an
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supporting a binarization of an image, and to a software program product,
in which a software code for binarizing an image is stored. 15
BACKGROUND OF THE INVENTION Information is frequently presented
as a color image or a grayscale image, even though its content could be
presented as a binary image. Examples for such 20 information are
printed documents, hand written notes, barcodes, some of the information
displayed on TV screens both on tele-text and on the normal screen,
some greseq:tations pn_com uter monitors, etc. 25 In some situations, it
maylg’e HeEfteu 0 cOnveRt SUEHSE color or grayscale image by means of
binarization into a binary-valued image, for example in order to facilitate

a. glaeumernt analysigerie reguce the data amount. In most document
imaging systems, a binarization process 30 typically precedes the

document analyzing procedures. Usually, binarization comprises
coRiparibgvanbdiiginal addliie of bach pikallofAnimadeiwith ethreshold

values fe pinayy Maluenforthis-pixekmaythen Hessat teasfitst 3pvalie. IRk -
insf&ance to black, intcase the threshold is exceeded, and to a second

vafte, T inStanca 16 whits, W' 2007517986 BcHis28B6fs 271 2° 2
otherhises Therpixe ol oo dalkie; fomingtahek al bidtkpixelsc oty then
representa fecognized abiects stored.

BACKGROUND OF THE INVENTION

Information is frequently presented as a color image or
grayscale image, even though its content could be
prresented as a binary ilmage. Examples for such
information are printed documents, hand written notes,
barcodes, some of the information displaved 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 intc 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 wvalue for this pixel may then be set to & Ffirst
value, for instance to black, in case the threshecld is

exceeded, and te a second value, for instance to white,
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while the pixels of the other value, for instance all white pixels, may
represent the background. 5 The task of implementing binarization

weltigienty,gan be quite complex. Frequently, the physical d@&%‘?&%?@a%ﬁm
printed text that must be binarized for a document processing application

varies significantly, even on the 10 sam page. Also, if binarization of
hand-written notes is tq be_enabled, the complexity increases. In addition,
mo%’i%%ﬁ@%ﬁﬁdn%?ﬁbj%&f( fecogRition Sy st Swerd GevBdpelEhetifically
fordactimentitdagesracquired: 15by asstainner. tdowguer; ¢he popatdrity
of digital cameras Jisiacreasing. Alse gokjlesphones.and gtherpabile |

devices are equjpped to an increasing extent with embedded camera
componants (y:’)(%ﬁ‘th ERacif§Ror Fohnetlig BAGIEEREER  device with

% camera components, 20 which allow taking pictures and recording

menies.:Rigital camesasI-emhgdded camera components could thus.be .
used .as a newfind o%ingut integacegw, for eg%mgle for a_ character
scgrlilr:{%a ahd Fecoghition fiictionatity - 'hé&rethie SA hedi oP tHe™ °F @
possibiliteaf protessiiy 25 taimdra iagesiaswelf és- gettihoomoea t
impedant: sAdvantageously; the invelved mobile device diself is gquippedn.e
10 Withaima(gjée blnarlﬁltlon fa(%h%%s. An objectin a %a era_lma;glj_e is more ,
difficutt to 3 fi 86N S Scatnerimags The¥aadghes o

¢] ?e’cogm%é than annc?brject in"a scan
thatavithe asamivdred it iSimorecdifficeatitt icontrob ¢hedmaging environment
than with a scanner. Even if the user is assumed to take the image

carefull %h .processing of the ohtained car%era image may.be 35
pro](ta) er%% %.%f—'ﬁrs}ﬂy,nfﬂahbr%ﬁﬁeegg SPA%AnTE éﬁﬁgg]égecog%“mn systems
were developed specifically for document images acquired

1% by a scanner. However, the popularity of digital cameras
is increasing. Also mobile phones and other mobile
devices are equipped to an increasing extent with
embedded camera components or with a facility for
connecting an accessory devige with camera components,

20 which allow taking pictures and recording movies. Digital
cameras or embedded camera c¢omponents could thus be used
as a new kind of input interfaces, for example for a
character scanning and recognition functionality.
Therelore, a need for the possibility of processing

25 camera images as well is getting more important.

Advantageously, the involved mobile device itself is

equipped with image binarization facilities.

An object in a camerz image is more difficult to

30 recognize than an cobject in a scanner image. The reason
is that with a camera, i1t is more difficult to control
the imaging environment than with 2 scanner. E¥ven 1f the
user is assumed to take the image carefully, the
processing of the obtained camera image may be

35 problematic., Firstly, the brightness of a camera image



WO 2007/012986 PCT/IB2006/052271 3 may not be uniform because of
an uneven lighting or because of an aberration of the camera lens.
wasseNsigthe color level surface of a camera image is smo{;gtil NUETARI
color level surface of a scanner image. In other 5 words, the edge of an
object in the image, for example of a cl¥aracter, is not as clear as in a
scanner ima%e, and gherefgre, the diffeirence in intensiiy, between the
fofsgroliid and tHE batkiroiid VafeS in MAnytaidra HARG&ETRTdly, a
cahferausageimay Rbgistartéd by a0 $évrsot Fvisesaddad to Hise capiuyed
image, as el asby1opticat blur a3d yigngiting:that age due tethgaptical
syg?m otf: }tlhe caTe_ra,lnamfly thefcameraflenses. These ,problems are .
especially Sigrificant in Camera images that ard FOtWEI fo8a88d. 15 18 +0e7
orderdsdediwitlreTantéradimane) ahe perforantaafethelbinasization is of
tbhlés g@@am@ﬁtiﬁioweye&stfé@wﬂfoama%e of gealx%@gp%ﬁ%@l and
inarization approache ends on parameters employed in the
SRt e 50 T SRELIRR obb of PREaiets KRURE Hbcipfor one
image sthegershranteterewilmibst ikald ot béssuitablendor otterdmages.
L\)/_Iqrﬁ_@yfg@ ,e@mf;ampptiﬁn@#@@m%@@@ Ccamputed g@ge_élah?égeby
inarization approac ail to preserye important details of t
10 R o RS o e AT P S B HOEmERatE o bB® BY
considered whbarbinadzinga eainerd irmage. YatodsenéthotdRshavetieen
developed tobinauze andmagen akhase matheds.can be-glassifieghiatoe

global b&narization 30 meth and Ioca%binari%ation methods.
probiems are especilally significant in Ccamera images that

(&1

are noi well focused.

15
in order to deal with a camera image, the performance of
the hinarlzation iz thus very important. However, the
performance of conventional local binarization approaches
derends on parameters employed in the binarization. Even

20 1f a particuiar set of parameters works nicely for ons
image, these parameters will most likely not be suitable
for other images. Mereover, even if an optimal parameter
is computed carefully, the binarization approach may fail
to preserve important details of the structure of an

25 object. Conseqguently, 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

30 methods and loczl 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

38 for each pixel c¢f the image. This method is based on the



In a global binarization method, the most important step consists in
determining a global threshold value. This threshold value will then be
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A the WO 2007/012986 PCT/IB2006/052271 4 assump
the input histogram is bi-modal. The advantage of this method is its
simpliq}ig%pand effectiveness for uniform images. But if the background or

thé OB AT ctetisticS e HEMRNnForit ARRE ap frocHds restith
largeeErdgragn afocdlinaszatioh methdd, esdegitateid-threshbld is

determined fareverynixel ofsan image based op.some logal statistics,, 4
ManTy % pular local binarization methods 10 are window-based

apProaches’ i fhicH 318 fo&4* thraSRoGr & pixett: HEtontbdtdd from
graplevetaalvey of tpixeisiinia wgrdew centered at (i, j). Various
formulas have been proposed for computing such a local threshold. 15 A
local binarization method has also been gkresented by P.D. Wellner in:

"AdBpfive it BshOEIRY fot theOPidiDask:, EUTSPARE $echnrtarReports
ERE-93:110,21093: L Thegresentedlmethahis isperificaly e signedfos
images 20containing printediext apdusesmeying-averages 19 decide 1 oas

about the outcome of the binarization. The idea of this method is to run

thidtigh TRE RSB FRite BRRUPRIHY & mbVing suth of thE 18t Fdeen

pixels:adhehdhé valge pfzepixélis significantyfoverdhanenmouing level
average. it 2xiscset to-black, athepwisedhisyleftavhite Jhis method-
re%%ﬁ?%%gwégg%ﬁﬁgéﬂgggghggg#ngggplgggngggIgomputing such a

local threshold.

A local binarization method has also been presented by
P.D. Wellner in: "Adaptive thresholding for the
DigitalbDesk™, 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
a2 moving sum of the last n ssen pixels. When the value of
a pixel is significantly lower than a moving average, it
1s 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 equaticon:

M

i1

M.
mM{"_f""pi-‘-u
7

wnere Mi,: 1s the estimate of the moving sum for pixel

Div1. The one-dimensional stream of pixels is taken from



Wg%&;;}guggﬁestlmated based on 30 the following equation: I\%
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treated as a one-dimensional stream of pixels, and a moving sum that
can be used for determining the moving average can be computed

Hﬁﬁﬂ@g@ﬂhl

/

P.-.~. n where M,+i is the estimate of the moving sum for pixe 1 350p,.1.
The one-dimensional stream of pixels i$ taken from WO 2007/012986
PCT/IB2006/052271 5 the camera image according to a scanning method

caliBd “BORtOpHEIBR" ARERRMY *as TheSox B Y CPeER RngBags
Thatds) pixelsiardtaken frommbne rbaes progressingtfromtheneft tedie

right apdfrem thg next 9 r%amea%@gémﬁh%ggm tonthe lgft, etc. By

u5| this method a bias from one side of the |ma§e over the otheris
VOIS 3 8k Ay MERINgSm 8 thel usad "as atocarthFedHtid 2e*t
vattm«lrmmdaﬁ@elwmm fbh@wmg;équamrtnbo PeOif P&M;,; 189 285ng

, otherwise ruhere B is the resulting binary yalugrfor pixel R qwhetes N ighe
the number of |er nsidered in the mo sum 15 and where a is a
X0 B oAl B ATE T fore MR T8 LBt h e udFmoURTy BooC

average.lithas tdbeamdtedd thedgls, that alsotheéanedng sum Mitself is

freguently srefewgd 16 asa moving average. A simple extension of this
algorithm averages the current threshold with the 20 one from the row

above, in order to take account of

where P is the resulting binary wvalue for pixel p; , where

n 1s the number of pixels considered in the moving sum,

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

represants the actual moving average. It has t{c be noted,
though, that also the moving sum M; itself is frequently
referred te as a moving average. A simple extension of
this algeorithm averages the currxent threshold with the
one from the row above, in order to take account of
1llumination changes and to consider alsc the vertical

axis of the image.

It is a2 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 occocur.



illumination changes and to consider also the vertical axis of the image. It
is a likely problem of this method that the percentage 25 value a 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 diffegent capturing conditions
occur. 6 SUMMARY OF THE INVENTION Embodiments of the invention
seek to provide an alternative to existing binarization solutions. It is
FurHaRrangbjeéct-of tNEIMVENRTTON to enable a fast binarization.
Embodiments of the invention further seek to enable an efficient
binarization of an :gage captured by a, camera. In accordance with a first
[

pect B thelinvétition,“ there is provided'a méfdd comprisifg Spiftfing 2
- grragelcomposed of pixels intoltwossempiiages; sinitidlizingslocal t - is
Rarameters hased anvalugs ofipixels; thatilie:in.an area adigcent to both o
sides of g%bfggd%sgpar%tm said semi-images; calculating an adaptive
YhHEsHoTd foresch OF Said Semitintages ProcBdding Him “sdd ifitiafifad t©
6eal parametérst andrperforniing a2 bimarizafionseparatelycfep sachdfby &
Saigsemi-images using said adaptive threshold, wherein said binarization
of said semi-images results in a binarized image of said image. in
accordance with a second aspect of the invention, there is provided an
Hhagecproeessifg chipsét camprsing: an saitalizing portidre configerediton,
Spite is provided a method comprising: splitting an
image composed of pixels into TWo semi-images;
initializing local parameters based on values of pixels
that lie in an area adjacent to both sides of a boundary
separating said semi-images; calculating an adaptive
threshold for each of said semi-images proceeding from
salid initialized local parameters; and performing a
binarization separately for sach of said semi-images
using sald adaptive threshold, wherein said binarization
of said semi-images results in a binarized image of said

image.

in accordance with a second aspect of the invention,
there is provided an image progessing chipset
comprising: an initializing portion configured to split
an 1lmage compesed of pixels into two semi-images and to
initialize local parameters based on values of pixels
that lie in an area adjacent to both sides of a boundary
separating sald semi-images; and a binarizing portion
configured 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.



an image composed of pixels into two semi-images and to initialize local
parameters based on values of pixels that lie in an area adjacent to both
sides of a boundary separating said semi-images; and a binarizing
portion configured to perform a binarization separately for each of two
semi-images of an image using an adaptivea threshold, wherein said

Adaptivedhieshold is,caloulared. for,each.af sald semi-images progeeding,
from local parameters initialized by said initializing portion. 6a In
ALebidance With BiARE asgectofthé ivettior Stheféis proRdéd aRs :  an
i_etecriticaﬂici dévice cpmpti"s'mg: anoiniﬁiﬂtizz_ipgqbortm co:mﬁigu_ngd_tarspliti&m:;e
dmagsscompesed aof pixels.into iwo semi-images apd o, iniflalize locgl
parameters based on values of pixels that lie in an area adjacent to both
idds'6f'a BOundary ‘separating saifseRfiimaged: antha Birfarizihg Pixels
tportion. iconfigured terpexfornira binarizatiomseparately:foreach obtwolary

§%9§ﬂg1@9§§ of.an imageysing.an adaptive sthreshold, wherein said. .. ;
ada

tive threshold is calculated for each of said seml-lmages proceeding
i totat Parametérs initidliZed by §did HfitidliZing poibh - - dedddarice
aith &¥ourtle aspectrof tissinvenitionthetedsyprovidedraycomputerdaptive
+fgaadable mediym.stored with softyare code for binarizing AN IMAge, ) aceq

£ompose of g%els, wherein said software code when executed by a .
— o 0 N .

ptocesSIG unit'of aielSctr St devited5erforis® Epiitting“said lge 1o®
pwosentidnmges i initializingd Idcal paraineters-basedzom values of pixels
that lie in an area adjacent to both sides of a boundary separating said
semi-images; and per.fot}‘ming a binarization . ‘ o

in accordance  wit & Tourtn aspect of the invention,
there is provided a computer readable medium stored with
software code for bpinarizing an image composed of
pixels, wherein said software code when executed by a
processing unit of an electronic device performs:
splitting said image into two semi-images; initializing
local parameters based on values of pixels that lie in
an area adjacent to both sides of a boundary separating
said semi-images; and performing a binarization
separately for each o©of sald semi-images using an
adaptive threshold, wherein said adaptive threshold is
calculated for each of said semi-images proceeding from

sald initialized local parameters.

A method for binarizing an image is proposed in example
embodiments, which image is composed of pixels. The methed
comprises splitting the iImage into two semi-images and
initializing local parameters bpased on values of pixels
thet lie in an area adjacent to a boundary separating the
semi-images. The method further comprises performing a
binarization 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.



separately for each of said semi-images using an adaptive threshold,
wherein said adaptive threshold is calculated for each of said

semi-images proceeding from said initialized local parameters. A method
for binarizing an image is proposed in example embodiments, which

image is composed of pixels. The method gomprises splitting the image

into two_semi-images and _initializing local parameters based on values of,
%gi)x%?sw%ﬂéf liein a%%aar@g a J%%{é%f?ogg%oﬁﬁéﬁﬁes%epgg‘éﬁnga fheStectronic
CBHiSMagEs. THERWIRBd furtHersammsrisesseHomiing a Birarizatiowrise
separately faceaeh of the semi-imagesusing apdaptive dyeshold. The -

1 reshold i Iculated for each of the semi-images proceeding
Foorthg alzed bEal paraniers, ot GHEbver, 3 AGE Broscseing
thipset’dndcah Sectrohic déviee aré Proposedin examphiembodintetis. on
‘Botheomprise foralkinatization of an image:compesed ofpixels-an o a
injtializing partion ted plit an.image. into two semi-images and to.
a6 Iocal BAramaiars b e Vel LS o sl At ot argar . mo
GfacEt to 2 bouritfary Separatify the §6ii-fRagdésiTthgimagemprise  a
Iprocessing.cchipsettandhtheselectrenic devicesturther-comprisgidiari zation
Rinayizing portjon. adapiec lo perloug a/bingrizalion separgiely for.each of
two semi-images of an image using an adaptive thres bldl,w erein the

HuEptivEhre<Hotd i€ Calcul ¥t ot each6F the Sertiliffages prosedihg 15
frorulbeakpardmeters: iritialized bydthesinitiahizingg portionotcEi@ ng  from

Pseragsed glecironic devicein gxample gmbodiments gan ;5 00425 ng

portion.



be for example, though not exclusively, a mobile phone, a mobile or
stationary computer of any kind, a digital camera, a personal digital
assistant, or any kind of portable device comprising a camera

functionality, etc. Finally, a software program product is proposed in
example embodiments, in which a software code for binarizing an image

is stored, wherein the image is composed of pixels. When being executed
Ty=a piosessing unitefan electranic: device, the seftware gpda 1eakizes can
dhie staps gl g, proppred methed. the seltwars progam proquet gan e
for instance a‘dedicated storage device, a memory ofan electronic !
eRiceCthat tanthé aeeBaded by ABroeassingt unittof thé éléetronic deiésal
crechuffer af agproeessing unis of an elestariegeyjce o which theng  of

Sotware cofle, Iz loadsaten exaation eif, FInbodiments ghthe pvetion
proceed from the consideration that two semi-images of an imagé can be
binarized independently of each other, local parameters employed in the
himariZationszof eathwsemi-imrage-are firstdnitialized based enpixels frognple

bpth semizimages. |t ig,an.advantage of the invention that the separate .

binarization of two semi-images may enable a parallel binarization of the

SEPSmage§ “PRRInay Fefder thé Binafasdon fastePiPRSffthalan L xels .
iddvantagerof thednvertibnithatthe rempteyedadaptive direshold may ronic

- deflectdocalinformation, from a range related fo a tagget pixel.and -y

therefore, it is not sensitive to variation in the properties of the™ original

5

Thage> 8 UL, the pixels B hdigital image 4e aangedin can be for

instance a dedicated storage device, a memory of an
electronic device that can be accessed by a processing
unit of the electronic device, or a buffer of a processing
unit ¢f an electronic device into which the software code

ig loaded for execution, etc.

Embodiments of the invention proceed from the consideraticn
that two semi-images of an image can be binarized
independently of each other, if local parameters employed
in the ©binarizatiocn of each semi-image are first

initialized based on pixels from both semi-images.

It 1is an advantage of the invention that the separate
binarization of two semi-images may enable a parallel
binarization of the semi-images. This may render 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 wvariation 1n the properties of the

criginal image.



columns and rows. The boundary separating the semi-images may then

be for instance a vertical line. The initialized local parameters may
comprise in this case for each row an initial sum of pixel values in this row
in the area adjacent to the vertical line. The adaptive threshold may be
adapted for each pixels in each row of egch semi-image based on a
windowed moving sum proceeding from an initial sum associated to a
{respéctive rone Alteratively; thesbodndary: couldde=forzinstance-anged in

Dorizontal line. The: initialized local parameters may comprise in this case
for each column an initial sum of pixel values in this column in the area

adjacent to the horizontal line. The adaptive threshold may be adapted for
Tach pixelda eachseglamrt oheachrsenmsamagénbgsed ora wildowede for

TRQ¥RgSUm pmfrgghgq initigl %m@%@ﬂaé%d i%éé?%%%té‘fﬁeters
column. The proposed initialization may provide an efficient way to

imifratEthe Vigrietting from hE Snpuit imagE "THe tofVentionat &+ S ©F
rboustrophedorescanningnay beefficient fore eliminatingdhedias betweerhe

‘successive fqws, butthe vignetting aberration,guantity isglifferent @y ro-
Successive rows, Iin fact, Its character Is strongg!{ﬁnonlmear. One Opthﬂ

Shitid bets e &R addpiive EGihpitationdr iengti'tor thedhovitiy Sim > @
vButdhisswouldeommylicateithe rocess dignificahtlyn Theproposedinew  sum
Seapning mayhe much-easier Ja realize. Since the $¢aNRINGHS BOLoyndary
Jerfo med in alternatlpg directions anymore, but starting _for ever row. or d
¢3tnin Anew Tron the-eoimputed ititiallZations, thé Vignetting may e~ 2

Simply elirirated: by the indepamdent computatorrdaToWsIor Tolimns.1gumn
an initial sum of pixel wvaluesgs in this column in the area
adjacent to the horizcontal line. The adaptive threshold may
be adapted for each pixel in each cclumn of each semi-image
based on a windowed moving sum procesding from an initial

sum associated to a respective column.

The proposed initialization may provide an efificient way to
eliminate the wvignetting from the input image. The
conventiconal boustrophedon scanning may be efficient for
gliminating the bias between successive rows, but the
vignetiing aberration gquantity is diiferent on successive
rows. In £fact, its character is strongly nonlinear. One
option weould be to use an adaptive computaticnal length for
the moving sum. But this would complicate the process
significantly. The proposed new scanning may be much eagsier
to realize. Since the scanning 1s not performed in
alternating directions anymore, but starting for every row
or ocolumn anew from the computed initializations, the
vignetting may e simply eliminated by the independsent

computation on rows or columns.



Further, the separate processing in rows or columns enables in addition a
parallel processing within each semi-image. As a consequence of the
smoothing capabilities of the moving sum, there is a risk that the
binarization thins the thick lines in the direction of the moving sum. All the
terms used to binarize a current pixel willoe inside the line, but because
of noisy camera sensors they will be .quite different. Therefore, the
“BibrizAtion Hiay G558  thdt BACRGFOUNE 15 present inbide-the Hick e 15
ifirstdpproach is propased) according togvhich this effett may beimage.
corrected to some degree by applying adaptive local corrections to the
windowed moving sum. To this end, a windowed moving sum which is
Adetetmified 16ra parficuldf pixefcafbealiéraged Wit 2 windoiwed °F  the
BOVINg sim Whighis determined:for a-pixel-adjacenttothepartiewans +ne
pixel, before the averaged windowed moying sum is used for caI(:uIatingC
téﬂ%83'§a|oltijvréet‘ﬁre%ﬂolafiﬁr e articaRr fixel - SucA A adaitiony AL the
taveraginganay: allow increasing theloeal rinfiuence an the theesheold yaluehe
miln one gﬁmbodjmentuof thisgapg;%)rgach, the windowed movingﬁg}lum whic]hlis b
dStBrmined for & pantfculdr pikeris avéralet aledstwith the windowsd - ¢
anoving sumhiwbichtds dateemirfed-for a pixel preeedingibeoparticular pixel de
Jg the,samke row o column, in %vthich the.‘gm%\éingtsum is q§termined. This
Lerﬁ%oaiarﬁe “ensures that the calculations oreeacrﬁlﬁxel”é“élr? 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
Ryith Bf SeastBREFAUoWED rie\iRG S WIEK 75° detérmirted Torepixeinis

éFO%@%@r%%%ﬁiB% row,Qrcalumn, in which the moving supyis determingd. i ve

local corrections te the windowed moving sum. To this end,

a windowed moving sum which 1s determined for a particular
pixel can be averaged with a windowed moving sum which 1is
determined for a pixel adiacent to the particular pixel,
bafore the averaged windowed moving sum 1s used for
calculating an adaptive threshold for the particular pixel.
Such an additional averaging may allow increasing the local
infiuence on the threshold value. In one embodiment of this
approach, the windowed moving sum which is determined for a
particular pixel 1s averaged at least with the windowed
moving sum which is determined for & pixel preceding the
particuiar pixel in the same row or coium, 1in which the
moving sum 1s determined. This embodiment ensures that the
caiculations for each pixel can be limited to a single row
or coiumn. Alternatively or 1in addition, the windowed
moving sum which is determined for a particular pixel may
be averaged with at least one windowed moving sum which 1is
determined for a pixei in the preceding row or column, in

which the moving sum is determined.



Moreover, a second approach is proposed, according to which the effect

of thinned lines may be corrected by using a secondary corrective
binarization in a perpendicular direction, which may totally cancel this
unwanted effect. That is, the binarized image resulting with a vertical or
horizontal split is considered to be only greliminary result. In addition,

the original image is split into two further semi-images in the orthogonal
Milirestionr For shese furtlier sgmirimages furtherdgeal cparameters ateg  to

Jinitializedyin the same manneras described, above.for the first horizontal 1,
and vertical split, respectively. The preliminary result is then corrected

Lepatatelfin each oF tha firther S&mTithages usimgthe fitthernitiatzed @
Hecalgyatrameters. Itimasctie possiblé tohperfarm stch cotrectiomsal thechis

®ntie preliminagebinary wimage; &n order to-accelerate this,processing: « g
Qt%E, however, the corrections may be limited tto the object computations,
"Thi§ means thatShiy thbsé'thag& pottionstare “cohSiderddfor & possitie ~€
@ortection tkatiweradetenaingd: 1o belontptbttherbackyroundiinithe firstpage

fueliminary binasization step-cHus, the.sameracess;is garied,outasdns |
&Qg#{ mary dlr%%tlon, %rélg/em qfthgr direction and_for a Iln%lted t%urynbelr of 1
pixels. Each pixeFthatt Was détermined iy the first biliatizatioh s %‘to oce
Beleng t6 e baekground:masenow be deterffined 1e:befongae aresbjetbed
ascwell, and the:associatedvalugisicarracied aceordingly.+While the firsty |
Ip@rgsgr&gejgi approa heas thr% adveintgge th?éa S|t IS fas&esr, tq: gtrg_condrve red
ap roach }ﬁa“é%he a vantggejtﬁamt itresults in Beﬁer orrectioh solution. 1t
FASHBE hvted that #FtheSecorie: approatira Biaady- butguss alséady the
avadable before the eerectionis parameters. It may be possible to
perform such corrections on the entire preliminary binary
image. In order to accelerate this processing step,
however, the corrections may be limited to the object
computations. This means that only those image portions 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. Fach 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 apprcach has the advantage that
it 1s faster, the second approach has the advantage that

it results in better correction solution.

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

applied, sc this step is supplementary. Due to the



a'pplied, so this step is supplementary. Due to the WO 2007/012986
PCT/IB2006/052271 11 additional time consumption required for the

wﬁ%[&%'ﬁ . it could therefore be carried out in one embodiment on
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ly upon
a request by a user, for example whenever the user is not ’s’Sﬁ"@ﬁé@ﬂW 74
the obtained primary binarization. 5 The optimum threshold value for a
pixel may depend on both local image behavior and global image

betidT OPfids, BIANTLIEOIRF §f5baf parERER rS 2Fe EbfntRBaSF 10N,
additiowtd.the:loeat parametersawhichcasuhe iakesneargned fameamplier v
inpasallel wi ipitializati the: Jac eters, The calculation of
th%a&tive t ,reshotlﬂ%ltor eg%t%)f tﬁg ge%%gg%s%%f t %enring%%dﬁ%%r

tak€ aRRGuARHi e GOYLSEr drisePS B eY aiprBask iPinpanieataon.

suited to adapt the adaptive threshold to various lighting conditions. It has

todag. noted Hhat glabalparamelers,may he aga&%@éﬁd far.the entire o

in%:lé)e or separately for each of the semi-images. To further improve
ro §B?we%%ﬁ%%lldrﬁﬁ%?io‘ﬂ%%’éﬁ&n&rﬂdea%cgmi-ﬁﬁ@@@csﬁfb%eva%-
divided into sub- images, for instance into two or four sub-images, etc.

T%Q@,baé&é‘é@mgb%é&éfﬁhtﬁﬂ&%ﬁ?@&’yéﬁr@e@%‘}§h§98390£9r1?9§§ in

sub-imagr;f accordingly. 25 e initialized local ﬁgrameters comprise

infiAFSihR” of BixelGaltiRSah the 5785 tefatent To e BBIN&SytatEarrare
adzbtiferheeshuid is ¢alcplated Ierleactpixehef Pathisemizmdgmbasedne

on windowgd mpving sumg,ef pixel values progeeding f{l%%%g%%oecﬂve

B e LG A
addition take account of the global parameters. This
approach is in particular suited to adapt the adaptive
threshold to various lighting conditions. It has to be
noted that global parameters may be calculated for the
entire image or separately for each of the semi-images.
Te further imprgve 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



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 35 adjustment
function has a decreasing value in a first 12 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. The ranges are
defineddy afirshandrayseconckones pof theccomputed globakparameterecond

values, 2. Abrﬁuﬁ@@@ﬁ@ow@%&r%@ngutsgrgéﬁg@ Rarameter value ..

that lies between the first and the second computed global parameter
valugs. As an alifliticil Bperatior & dRAsich'By aHftimber of phaiges are
consigereddn the movingrsum eodld be apphed, ivrerderto corverttheuted

mowing,sHM i910-ameving ayerage. If the number is fixed, however, this
operation maé/ﬁbe erformed |mpI|C|tI’I¥Sj[by\select|ng the adjustment

functioh™ akcebraiigly: ft'ts to'he understddu thathe Srdet ot iRe inthcateat=:
opevatiorts mayaie seleeted aritrarily. Allrequifed parameterstand second

functions canbg computed - adaptivelyfiomthe input image such that
there is no necessity for a calibration. Embodiments of the invention can

be used for grayscale images, color images and raw data coming directly
Afomed camdia Sensor. IPtise image is azcotdr imagenit may firstrbeber  of
converedinte agrayscalg image Alternatively, howeverseneefthe.y, in
&9&%@ may b% gg(leergjeqcﬁg amt()]a_\fsg1 for the bln%nzatlon, or the binarization
may.be berf%rmed C ing sum 1nto a MOVing average.

the number 1is fixed, however, this operation may be
performed implicitly by selecting the adjustment function

accordingly.

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.

Embodiments of tThe dinvention can be used for grayscale
images, color images and raw data coming directly from a
camera sensor. If the image 1s a color image, it may first
be converted into a grayscale image. Alternatively,
nowsever, 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 &



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 13 binary median filter applying a binary median

filtering and/or binary morphological filteys applying a binary

morphological filtering. It has already been indicated that embodiments of
theairivemtish.enabfe athigh degréeiofparalleb precessingseach fpecefing

Amplementad, patalleh progessing ncreasinghe overalh pracessing speed.ry
m%li%gﬁpa{lzed, |tis %Pftséselj?le option for a parallel processing that the

f)lnﬁ of 16cal parame%@r%'is carried out in parallel with a computing
of global parameters for the image; that within the initializing of local

Rarameters i@l’ea@j;m%_@@ﬂﬂ whieh dQ@eQ;'lxe@ﬁ!@j a@ﬁ@%@%g@@maﬁ anghe
rows, giseparate 4n|t|%I|24r£(% of (I:Pcajlﬁ ggrarpeters_ls carried out in ﬁnarallel

131 Féspediively At Teast two Colimhs or &t least two rows: that the o' ="

tilitializing of-leaFpaidmeters#i vnéadirectionCiscdried cutdnpatalel  the
it anadgitienakinitializing.<afdocakparametersiin anetherdirectionidbab e
Jinin the. inarizalion & calcylation of ap adaptiye iyeshald is cared;
Jutin pareﬁl%l for Bach of the geml-lmage ; andior that within the g

Iirarization fotitingagel $n which e pix@is arel&rrafigethint€dluniiistand 2
demsaaisepaate gealetlation ef antadaptive threshold:ig garried:olt invithin

Laerali%l fgg gqipzecrglve!yfatllggstl two columns or at least two rows in a

L L garam Ters 8x ail 1$aﬁe 1 which
respective one of the semi-images; etc. As embodiments of the invention
dan belosed fordffefgnfangec in columns and rows, a separate

initializing of local parameters 1s carried out in parallel
for respectively at least two columns or at least two rows;
that the initializing of local parameters in cne direction
is carried cut in parallel with an additional initializing
of local parameters 1in another directicn; 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, 1In which the
pixels are arranged in columns and rows, a ssparate
calculation of an adaptive thresholid is carried out in
parallel for respectively at leastT fTwo columns or at least

two rows in a respective one of the semi-images; etc.

As embodiments of the inventicn can be used for different
kinds of images, for example for Baver matrix images or for
interpolated images, it can be incorporated intc an lmage
procesging chain or it <an be implemented as a separate SIS
{zystem installation suite) package that 1s installed on

demand.



kinds of images, for example for Bayer matrix images or for interpolated
images, _t 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. 14 The presented binarization can be used

for example for a color quantization or toseparate an object from the
background. Embodiments of the invention may be employed for example
TRanmrRyRBREprocessingInacis thafirsbsstepsinca dosunteifivdeestiig &
system, @ﬁmangb@@ilba@kﬁreémd %%@@%eeltd@g syéﬂam@@?@ém %&m@ the

re- processing.is.to obtain.the best possible binary image from the input
b%n%k rt%%?(\f\iiIIggr?a%ié)ﬁmggt%sctio%of%%?ec%sngre%%%oﬁaé%%yre%gneftrlnc?nfoy(%d
Embediraents of thednvertivficcaR farthepbe employdd for al fargevarfety st
ofapplications: Anexemplaty usg€aseds mprocessingmretrieyal angdn,  an
Si9ting pbadocument inform ol a fextipsiead of acolor jmage: Afyrtngr
exemplary use case is a scanning andsgtorlng of notes Tor a fater
Fefrs At IAGurtfiel exémplary UseTddess £seahning anrd storing siinapson
dhtheibipatizatienyis goed, the useedaes =not havedoconsider thejects or
asc&qgglg &@J_Bq_r i@ggg %8 JH{;)Q&[f'stalnd what is represented. A further
a

exemplary use case oard presentation, scanning and storing. A
further exemplary use case is a scanning of text information presented
mriVisetsandanoniier displays, like mebile (phone-nwmbersopyeh sfles. a
A further exgraplary.use ¢ase is. a pre-pragessing, step for barcode...
ap%%{icatiqns, et?:J. If/is ffpt?é ur?(irstood that the pro%oségimaSel se ise
HrocéssingJehipSétand the propoied elediranic defiee gy tompriser™ of

a text instead of a color Image. A further exemplary use
case 1s a scanning and storing of notes for a later
retrieval. A further exemplary use case is a scanning and
storing of maps. If the binarization is good, the user does
not have to consider the scanned color image to understand
what 1s represented. A further exemplary use case 1is a
board presentation, canning and storing. A  further
exemplary use case 1s a scanning of text information
presented on TV sets and monitor displiays, 1iike mobile
phone numbers or web sites. A further exemplary use case is

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,
Egually, 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 detalled description

considered in conjunction with the accompanying drawings.
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means adapted to realize any of the presented embodiments. Equally,
the software code stored in the proposed software program product may

nted to realize any of the presented embodiments. Other
features of the present invention will become appHfEAtH a2

the following detailed description consigered in conjunction with the
accompanying drawings. WO 2007/012986 PCT/182006/052271 15 Itis

to bk Uriderd

{0, SRR O tReURHRngs e tdEsignddaeisiptorze

pudecsemetiillasiration fmd motass edefition ohteimits of et not as a
Invenion: fanihich Lefergnga stould by madeJo e appepded gains. I
W

5 should be further understood that the

rawings are not o'scale

antthaf S ar Rtk ARthRARI (o° cbhtemarmpfiRdralairsstrddtures
anghprotédueeswestabedhisen: dOB R DEGSCRIBION O JHE o+

FIGHRES g Lds @ %q@r%%%bl@&éﬁ%@gmm%%@l (f' g%&%f%%e%e%!%e

according to an_ embodiment of the Invention;

s a flow chart

il PR A BirafiZatibRS A L fhefe lERE o i RS o BF FRftfe Rr FRR Bikes
disgrany Rlustratingsd tocal parameter initialization employed in the scope
of the binarization of Figure 2; 20 Fig. 4a is a diagram illustrating the
movingfum comgutation emﬁged in the scope of the binarization of

Figare

T fifst

Serfrintdge- Hig A iR Eliagram illustrating the moving

sum computation employed in the scope of the

Fig.

Fig.

Fig,

Fig.

Fig.

Fig,

Fig.

Fig.

Fig.

1

4z

4b

Ta

b

is a schematic block diagram of an electronic
device according to an embodiment of the
invention;

is a flow chart illustrating a binarization in
the electronic device of Figure 1;

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

is & diagram illustrating the moving sum
computation employed in the scope of the
binarization of Figure 2 for a Ffirst semi-image;
is a diagram illustrating the moving sum
computation employed in the scope of the
binarization of Figure 2 for a second semi-
image;

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

is & flow chart illustrating a variation of the
binarization of Figure 2;

is an example of an original image that is to be
binarized;

is the binarized image of Figure 7a resulting

with an approach of the state of the art; and



25 binarization of Figure 2 for a second semi- image; Fig. 5 is a diagram
representing an adaptive parameter function employed in the scope of

whSoddipaszation of Figure 2; 30 Fig. 6 is a flow chart iIIustraE'uajqﬁE @J&%Q%}_

of the binarization of Figure 2; Fig. 7a is an example of an original image
that is to be binarized; Fig. 7b is the bit@rized image of Figure 7a
resulting _35 with an approach of the, state of the art; and WO )
20%37%1279%6 PET/IB20087052571 183G, 7¢id the BinariZed 77ag6 619
Figure 7a resuithyd: with zipcapsproach eceorting téthe:invebtivantion.
DETAILED DESCRIPTION OF THE INVENTION 5 Figure 1 is a
schematic block gi%glram f an electronic_device, which enables an

eff%igﬁ%ﬁgriggtlo inP%% Ig)rc?gnc Hv%itﬁ[%\ﬁlagr%ggiment of the invention.

5 10 By way of example, the electronic device is a camera phone 10, that
is, B epebile phone coppdsing;embedded camera-funetigns <t is-to-be i -
understood, tklé)urgg, thatit could be %/,p.theg ki}gg of electranic device
that” bafefits from ar efticienit ifiage binarization. 15 Thé taméta phone
10dnclodesaerintdde: sensert2 dondanstapte Bh€ CD W ehergercoupled
device) sensor. The camera phone 10 further includes a processing unit

12_20 that is gda}g)ted {o execute \ﬁ['arious sqftw g Jggf%fg Egl;odes. The

19 softwalé €odés TRditEE ah ci):r]}telaon% ?rﬁgégnlc camera

phone 10, that is, a mobile phone comprising embeddad
camera functions. It is to be understood, though, that it
could be any other kind of electronic device that
penefits from an efficient image binarization. |

15
The camera pheone 10 includes an image sensor 11, for

instance a CCD {charge coupled device) sansor.

The camera phone 10 further includes a processing unit 12

20 that ig adapted to execute various software program
codes. The software codes include an optional image
processing cede 13 and binarization-related software
program codes. The image processing code 13 can realirze
for example an imaging chain or a JPG image gensrator.

25 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 initislization code 16, an

30  adaptive binarization code 17, and a binary correction
ceode 18,

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

35 runs software codes for wvarious applications, or it could



processing code 13 and binarization-related software program codes.
The image processing code 13 can realize for example an imaging chain

wilhAdRSdpage generator. 25 Together with the image sengeh A, dbiREns,
a conventional image capturing portion. The binarization- related software

program codes comprise an optional gfdy- level computation code 14, a
global parameter extraction code 15, a local parameter initialization.code
16> an 3¢ 8HARAVE Bindtivatidntcode I 7 "A% % %%n‘eiry}\é%—r?erc B eodd 18-1e
Théuproicessingamit 2 cotidbedoreramplesa gederdls digidl pfocdssing
unif;ofdhe £ameraphane 40, which,35 suns-seftware-cedes farvatiodsuia
ap, Iicatiorf,, or it c%ul WO 2007/0129§6 PCT%LMGZOO%OSEZSZS?% 17 be a
dedfcated %%eé?geprocggsi%}éaﬁ“rﬁ& %\Itlerngﬁ]vejry,afﬁe finctioRs of the
5 imabégretessing code 13 and of the binarization-related software
program codes 14-18 could be implemented for example in an image
processing 5 chipset. The camera phone 10 further includes a memory
19" s 16 B6 thafeiod that the Aamera phBAE 16 camphags 10 i
addition various other components, including components which enable a
mahile;communication eie opdinarizationthat may:-bepeHermed dydbe: ses
10 camneraggope I%O‘%c F.igure %tv}vlillrbecdescg]irkl)eg ig more (‘jL%t%HI_\lNith 15
reférerice o“lj—'%ures ﬁjtoUFq’lgure 5%s aFiGw ahart |I[usjtra(f|ng. ﬁegsteps of
thecdivarigation. WOilpha firstistep samiriage isceaprardd by the image -
capturing portion 11, 13 (step 201). The captured image
A binarization that may be performed by the camera phone
10 of Figure 1 will be described in more detail with

15 reference to Figures 2 to 5.

Figure 2 is a flow chart illustrating the steps of the

binarization.

200 In a first step, an image is captured by the image
capturing portion 11, 13 {step 201). The captured image
can be Baver matrix image data obtained directly from a
CCD senscr 1l1. Alternatively, it could be a coler image
output by the image processing code 13, for instance the

25 color image output by an imaging chain or a color JPG
image cbtained after a compression of Bayer matrix image
data. The captured lmage can have for example a size of

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

30 When Bayer matrix data is used, the image cbtained 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 ls used for the

35  Dbinarization. Using only selected components in the



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

W@Oﬂgﬁﬁﬁgﬁr instance the 25 color image output by an imagipglgﬁﬁ'% o - T
co
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or JPG Image obtained after a compression of Bayer matrix image
data. The captured image can have fort@xample a size of 640*480 pixels,
but equally any other size, 30 When Bayer matrix data is used, the image

obbaifEd froh e Sefsor1 BONERIHSur thpoRhts RSt Bchpirel,

nantelponerkededmpondritetvem@Green conmpon ety andnonte: Bludata by
compongninone gmbadiment, qnlyoneofihe Green,, components and

the Red component is used for the 35 binarization, Using only selected
cofifpBhenis i tfe W O oD 776 £5088 P ATT 25550618825 PE S48t the
birariratibnaizisothe ddvantage thafheadh neglectachbceniparentireduces

the, amount of the Bayer, matdx data by, 0ng duager,swhich:algo feduces
the computational comglexn and increases the processing speed of the

5 Giftarizatih. MBresve Sth%%f&%“éﬁ?ﬁﬁ&ﬁ@m id th&FoisidsPeomporint,
sotitscalggencerfacilitates ia addiionanprosess of demnadising: shastto be

noted, 5 though, that such a componany selection is,only;of; adyaptage,df: .-
the object that is to be binarized ai) ears 10 black in the input, for instance

if tRe Bbjectls A" BardBds: Oni§ in 1HiS THiEGhe absERc8 ot $e Bie 2
colrporedt doés ot havehmackof anthpaeh & coreconpenditus

selegtion coud Recarried oyt for Aagxamplg y;thedmage processing

code 13 or by the optional gray level computation code 14. The image
data output by the image capturing portion 11,
B color component selection could be carried out for

example by the image processing code 13 or by the

optional gray level computation code 14.

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 @ gravyscale image {step 202). This can be
achieved for instance by an appropriate averaging of the
selected color compcnents Red, Green and Blue.
Alternatively, simply one component of the color image,
for example the Green compeonent, could be used instead of
the grayscale image. This i1s enough to binarize captured
documents written in black and white. If the captured
image contains also colored characters, better results
are cbtained if, for example, the Red and Green
components are averaged for each pixel. If the object to
be binarized appears in light cclors, the Blue component
should be used as well. The gray level that is associlated
to each pixel may be for example one of 256 possible gray

levels lying in the range of 0O to 255.



13 is passed on to the gray level computation code 14. 20 The gray level
computation code 14 transforms the color image into a grayscale image

wSBR-2R%9sT his can be achieved for instance by an appropyj
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averaging of the selected color components Red, Green andeﬁjﬁé%ﬁé%nn
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
caftiged rimvageventairmsaisoadolored charagters, bidtterapseaits @0 ates
obtained if; far:examplenthe Red ang Gresn cRMpeneats arg averageds . .
for each pixe!:1 If, thet%b'ect %) be binarized aggears in light colors, the

BIGe Q6mponent shotld bA-FSeH 58 Wil TRe i) Jeveithitis associated
to each pixel may be for example one of 256 possible gray 35 levels lying
in therange-afQ i 355, WQ 20074012986 PCTLIB2006(062271, 19,The
grag/llet\)/e!tcomgutaq:on ing:r%ahsesiﬁthe speed of t,?e inarizatiop, since only
ond COMpPOREAT has 10 b& FUHRST prEcESERT in the slbseqTrt Frocassing”
stebsl 5iRHd abtained graydcalainaye daia is-providedorthes glowalcode
patameter extraction code 15, the local parameter initializion code 16 and
the adaptive binarization code 17. 10 In a next step, several global
parameters are extracted from the entire image by the global parameter
extractioncodestBstepR203)a Theselyichdl pararpieters carcbexsedcted

from the entire image by the global parameter extraction
code 15 (step 203). These global parameters can be used
as weights for local parameters, as will be explained

further beliow, or for deciding about corrections applied

during an adaptive binarization.

In one peossible implementation of the glcbal parameter

extraction, the maximum value {(Max) and the minimum value

(Min) of the whole image are determined to this end.
Global parameters D, DI and D2 can then be derived as
follows:

D = (Max+Min)/2

Dl= (Min+D} /2
DZ2=(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. Dl is set to correspond to



as weights for local parameters, as will be explained 15 further below, or
for deciding about corrections applied during an adaptive binarization. In

woBPHRssible implementation of the global parameter extraghiondNGsosaa71
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maximum value (Max) and the minimum value 20 (Min) of the whole
image are determined to this end. GlolB8l parameters D, DI and D2 can
té];g be derived as foIIO\ys: D.= éhf/la&r(?{Méﬁ)/Zc 2@5 EI:S M|n+|:r)rP/2

h(%+l?\?fg>}<5ﬁ7ftlng§:na&here‘68%si e implémen ation & t%%rglobgfepmsems

pafaetérettrddions hitogmands ard esedng defveétheBDaglebakhiich is
parapetersy Figt, nhe histogra of the whaleJaage is gemputed, That iss
for each possible gray level e number of pixels is determined.to whic
e bobBctet B ERG) Ea BN Thed Bl LT conetbond ove
thé gy VR IT BREMFGIIE DITRE Do BS! zédpat o inehstdgrapn D s to

set ta:coespeRth i WQr2Q007/012986 PLEHIB2006/9522 4L 20 the,
highest gray level at which the histogram represents mare then 1ng8 of

pixels belonging to an object, Whichi is tepresenited by the ﬁfg%%r Fay -

levele ) Siffilaky, D2oidlSetto CoIReSIGHE 0 thedewest §iay lebelatwhichet
thesb hjstogramaepeesents morerhen tQ%10f pixels belonging terdbens by
background, which is represented by lower.gray levels. For example, the

e e i s s e ettt S b
256969815 of VG ray. RorCdetB riitinG thé gfobal pardmeterS Bithd D2 by
10gneans of histegramsiirst 3, histegram is:computedidfordam maximum M1

is computed. A maximum may be considered to have bsen
obtained 1f the current value is greater than two
previous values as well as the next two future values. A
second maximum M2 is computed in a similar manner
starting from 255 and proceeding towards 0. An
obiect/background separation value 1s approximated with
Sep = {MI+M2)/2. A sum S1 of histogram values is computed
from 0 to Sep, and a sum 3532 from Sep to 235. Then the
global parameter values are obtained by DI = S1*10/100
and D2 = S2*10/100.

Both ilmplemeniatlions result in a good performance. The
first implementation performs better for a2 more regular

and not so colorful captured image, though.

In parallel or subsequently, the lcocal parameter
initialization code 16 initialized a plurality of local
parameters (step 204}. It has fc be neted that for a
subsequent initiaslization, 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
14,



respective grayscale image. Starting from 0 and proceeding towards 255,
then a first histogram maximum M| is computed. A maximum may be

Wﬁ%ﬁiﬁ{ﬁg@%to have been obtained if the current value is greatert
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15 previous values as well as the next two future values. A secon
maximum M2 is computed in a similar gtanner starting from 255 and
proceeding towards. 0. An object/background separation value is
approximated with Sep = (MI+M2)/2. A sum Sl of histogram values is
cofiputed 0L fromi6 10 Sepi and demiB2dmn Seprtbi2b5 Ian the
glebal pasametervaldesare optaingd by, BL3 $110400; apd D25 e%usaz,

S2*10/100. Both imglementa,tions,re ult in a good performance. The

firstifpl MR Attion PRGNS Better for ZHibTe rédularandf8tso colorful
captureddtaige, flaoudinih parallel orsibsequenty; 2he doca parametdry

initializadiopecode. 1 nitiakizeda pluralits obacal, 30parameters(steR 1 ves
204). It has to be,nated that for a subsequent initialization, the captured
imSée%%‘ig cotit “bjé‘ﬁr%%?deao%aﬁ]%‘ﬁbc%f’pah%%é%%?ﬁﬁf’f‘éi&%ﬂo ‘e 16

as well via the global parameter extraction code 15, instead of directly by

the.g SE@ELEOEWHEEKHEQQQGé@f&héﬁ;&%%%legg§§ial_values is
PCP lm2006/05 271 21 chi_the initialization, the ngage is split alon a
4 <

. at + . + i . ks
hotiZOMtar bF 5 erﬁgaltseepa afior ﬁﬁﬁe?ntogt:\?v%ue(fu %8 ﬁa‘é%g. *
Corapondhitialh vahues -of the local 5 parameters for both semi-images are
then determined by means of a computation that is performed on pixel
values of bgth semi-images adjacent tq the separation line, :

Fféure 9 presentsgan ghage 566 tﬁé% Eg sp gt intc a first
semi-~image I 301 and & second semi-~image II 302 along a
vertical initializaticn separaticon line 303. Each row k

of the image 300 comprises the same number of pixels 304.

For each row k of the image 200, an initial value My is
calcoculated. In the given example, the initial value My 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 IY 302 lccated next to the wvertical line in row k.
The initial values M, are the common initizl values for

the senmi-images 301, 302,

Alternatively, in ¢ase of a2 horizontal separation line,
in each column of the image four pixel values from each
semi-image, which are adlaceni to the separation line in

a particular column, are summed.

After this step 204, the further proecessing can be

performed independently in each semi-image.



A possible computation of such common initial values is 10 illustrated in
the diagram of Figure 3 for a vertical separation line. Figure 3 presents an

W%gﬁﬂlfggﬁthat is split into a first semi-image |1 301 and a S@@%ﬁgmoﬁmsmn
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semi-image Il 302 along a 15 vertical initialization separation line 303.
Each row k of the image 300 comprise8the same number of pixels 304.
For each row x of the image 300, an initial value MQ is ¢ Iculaéed. In the

giveiF eR&mplE 1RB infiafvatie MO forZtra Pedpective rowk ~&dm ofthe
fobripixelvalugsrof thdefirst seimi-imaged 303 dogatezihnéxtio thé vertical

ling.in-row kand abthe four pixel values, ofthe segopd semidmaggth 302
located next to the vertical line in row k.. The initial values M3 are the

h
conftioh infial vatesTor Y e 38MHiiages 361302, AltaftatiRly in T7°
caseaf schorzdmapsegarationtlintdaeddhccalinamn dfakie Image falt

pixel yalues from,gach semmi-imags whish areadiacent ta ihe sepattion: -
line in 30 a particular column, %Le sug{nmed. After thi§_ste@ 204, the further_
prEEEssing TaR e éFfoned MdepeRtenth inedch séi-imags “Wo
20071012986 PCT/$52066/05227Z1e22 T heriad Stépstepd05) §s and/ox

periormed by thexadaptive- binarization.cede,17 thatseceives s an input
the _extrac;;[ed 59 ob%l ;arametﬁrs D1DI and th’ the comcpiyte(jl 4Iocal initial
vaflies Ko and the" §raytaie inTage dSt The™s GPAYScals image data

includes the gray levels of all pixels. It has to be noted that the grayscale

image dataequid he: provided totheadaptive binatzatien eade ddAs ve

well via the global parameter extraction code 15 and/or
binarQZégioane%arateﬁy*%%m'eaé% semgLé%age 301, 302.

First, an adaptive threshold wvalue is determined for e=ach
pixel of a semi-image based on the provided glcbal

parameter value and on the provided initial values.

The initial values My are used for determining a local
parameter value for each pixel p:n 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 coculd

alsoc be calculated directly.

Agsuming that the original image is splift 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 4da illustrates the determination of a moving sum
Miy; for a pixel pia in a respective line k of semi-image

I 301 according to the following eguation:

M =M+ P~ Piw



the local parameter initialization code 16, instead of 10 directly by the gray
level computation code 7.4. The adaptive binarization code 17 performs

W%rh@rg %a binarization separately for.each semi-image 301, 3824d 052271
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First, an adaptive threshold value is determined for each pixel of a
semi-image based on the provided glol3&8l parameter value and on the
initial values. The initial values Mo are used for determinin

provid
loc a{’txfg pRtaftetdr YSRRor Bhch HiXel’h: 15n 18fm® 1‘}é@r$10vmgS ] Jinage
M,%3 BPhedmstofia cedtrakrecursive impleprartationof rhovmg303, and

averages; as1willhe explainedindhedgliawing. dhis tode undgestaed that
the movin averages could also be calc%ljated dlrectI%: 25 Assumthg that

the Brifhal image s spiit B 16 sdi-Images ST 302 dlong A Vertitar
line 303y tieet pedcessing “df s respettive semimagenwilldbe careiedaoutadnies

rO\élsal %Fltgtgeée H@sget[e%mea%eteﬂﬂmatienﬁtf%g@yirtgheuele%etetqve
aplxe 4 1IN ares ctive line or semj-image accordl

AL AT S BBV BSS00T0 aeed BLAbotBARB I 23
Pixel po of a respective row Kk is the plxel of semi-image 1l 302 that is

adi@&@ﬂt‘a@o the.sepawationdineg303,and, ﬂﬂ@t@i@é&@%@ﬁ@a%*%ds
the left. The i |t|ah value Mo, valld forlglxel RO, o e_ictlve row Kk, was
g c,%mpt}ted a)?t step 20T ?he given exé'mple the vairla &§"a ahd b are
setitblas=3 antids:=5-in Viewotthérespactivel eigiatgsixevatgds sonidined

in thegpitial value-Mp. sMoving sums are determineddn the saae menper s
fortgjacent to the separation line 303, the index of the

pixels increasing towards the right.

The local influence on the desired threshold value can be
increased by further averaging the current moving sum Mg
for pixel pia with the moving sum M:; computed in a
preceding step for pixel p:, which keeps the processing
row~internal. The resulting local parameter value isg
denoted with B. Alternatively or in addition, the
parameter wvalue H could also be cbtained by averaging the
value My for pixel pia of the current line k with the

value My, for pixel piy of the preceding line k-1.

The adaptive thresheold T; feor pixel pia in a particular
row of one semi-lmage can then be determined in

accordance with the following equation:

:l(H-AP(££j+GPl
n

Pl

In the glven example, n=8 1is 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



10 pixels of the second semi-image Il 302, which is illustrated in Figure
4b. In this case, pixel po of a respective row is the pixel of semi-image |

wabhdhahimeadjacent to the separation line 303, the index ofgReRisiss2271
increasing towards the right. 15 The local influence on the desired

threshold value can be increased by fither averaging the current moving

sum M.+, for P%’ée'@%ii with the maying sum.Mi computed in a, preceding
stép for pixel pi, Which keeps the processin row-mternal- The resaing
lod&t pagametersvtlu@ds denoted with H. Alternatively or in addition, the

parameter value H could also be obtained by averaging the value Mi+i for

pixgl p,; of the current ling k with the . value M;+ for pixel p +i.of the :
redeH S TE ICT. 25 The ndbtve thrashold T 1o pincl b 4 i 472 L
5 pafifdiiaic téwofohe-§emiiifiage canthBRA Prrdetemiisl ¥ atordance

withithefellewing eguationi30 3,=I-HABrN}RGRedd khthe givenvalue of
SxampRle )8 Is heindon size sed. G =Dig,sa glosal parameter co.
factor depending on proVigg gcio.alpara%eter vale' D on , an XPZX) iS
anfadéptive WO PDO?AIZYBEPEFEBI0GEII5 2790 Rparkifdter the
fungiion-depending caprovidecd-global parameletr aluesdlendR2cFhe
10 Sh%bB?fé’é%%%@%Ct'@sépfgo%‘% S Way Ats Spf‘ﬂ%’a‘?ﬁg? copuolled by the
global parameters DI'and D2 is illustrated in Figure S! It can be seén that
thelgsgessfes further for a value of threshold x rising from
D2 te 255, It can be seen that this function will welght
the adaptive threshold with a constant value only when
the pixel value pj.: lies between the global parameter
15  wvalues DI and D2. The shape of the function is adjusted
automatically for a respective image based on the

determined values of global parameters D1 and DZ.

Once the threshold T, has been determined for a particular
23 pixel p;, the adaptive binarization code 17 determinss
whether the gray level of the pixel p; lles above the
threshold T;. In case 1t lies above the threshold, the
pixel p; is set to "black™, otherwise, the pixel »; is set
to "white".
25
It has to be noted that 1n case of a horizontal
separation line, the processing is performed in an

equivalent manner in cclumns instead of in rows.

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

3% morphological filtering {step 208) performed by



AP decreases from approximately 2 to approximately 1 for a value of
threshold x rising from 0 to DI. Then, the value of AP stays basically

Lgs, the value of 10 threshold x rise from DI to D2. Fj f)
vaﬁ}%ﬁé} AP mr%gr%gh %%5%%71

decreases further for a value of threshold x rising
255. I. can be seen that this function wilsweight the adaptive threshold
with a constant value only when the pixel value p;,,; lies between the

oI BAPAREIST L5 ARSI afd B2 Thershdpe ofthe FahEfon i
adjusted reutbhmtiCally fer-avésgectivelimdyeshdsed pnithe sdetermined
values.of global parameters BiandD2. Once thethreshold T has heen

determined for a particular, 20 pixel p,, the adaptive binarization code 17
defetiitines wihEthelthe Graf feVet bt e pikeFpfisbovehE threstida ™
5 Tla4dn casenblies abevé the tdneshold dié apixel piis setrtoeblackls . They

otherwise, the pixel p; s set do-white". 3o It basie hesnoted.that incase,
of a horizontal separation line, the processing is performed in an
eqURAIGH RARTEPR CAlUTHS HARAEr of  rOws. 58 Findfi7 thé Bndig==
coméctorrubdé d8tapplieshinary Wperatiedsstocthe obtairred:bmarygimage

witﬂa&_?e %&993_@ qfthwﬁctmfgl the @Jezet@@inzag%@c(%%a 29@31%'\1105% i

Specifcally, a pinar edian 1l erlng Ste er orme% Yy a median

10 G R AEH B8 RoTh OB Rar MY (I 208) porfor by
WOR00M0E2986 PLTIB2666/052270 r25 micrphokolical fiterss Bvel then
bingky. median filter is- Lesponsible for de-noising. It has the purpose to

A de-ncising step with similar tasks could be provided

16 instead just after the capture of the image. In this
case, the image to be binarized is already cleaned by
some unwanted artifacts. It is a disadvantage of this
approcach, however, that guite sophisticated de-ncising
algorithms are needed for achieving a good performance,

20 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 obtalined results are better when the

25 image 1s corrected only after the binarization. Moreover,
some additional binary correction is nseded even if a de-
nolsing is performed on the captured image, which
provides a further reascon Zor implementing the whole de-
nolsing in the binary domain.

30
The binarized and corrected image can then be stored for
example Iin the memory 19 for further use. Alternatively
or in addition, the binarized and corrected image could
alsoc be presented to a user on a display of the camera

35 phone 10 or be processed by some further application,



eliminate all small impulses like artefacts that may result after the
binarization. The morphological filters 5 are responsible for

W%r%j%{%;%tation corrections. They have the ability to Corre}%fﬂﬁzﬁlﬂﬁﬁ’fﬁzn

of characters, as far as present in the image, into shapes that are more
pleasant to the eye, as they make the @aracters appear more fluid. It has
to be noted that the order of 10 processing could also be reversed. Thus,
it is 5o apocéé‘?dié‘?8GﬁFsﬁ%%%@%?ﬁhS‘l%&kéFﬁFé@%rﬁﬁt?erP?ﬁé?Ode
mediadditter oA Yecadisimg stepawith similar tasks could be provided 15
instead just after the capture of the image. In this case, the image to be .
binarized is already cleaned by some unwanted artifacts. It is a o
disatiaRtagE B tits “approath thoRevar, tHaE Ui sdprisfithtegeaniring

5 deamgisiFgt algorithmsvarengeéded-for ackgeving.a good pedénwance, 20

forexamplea Sigma filter with,24 adiacentyows as Mtqgggws of
processing speed, it js therefore preferred to let the adaptive process take

cafe P teenoiing: EXperiménis SHom that for Fidfyettidss oFere +3
captured imagesythecobtained idsultsiare befterlwhervthiee25 image is

cogegted; only aftes t%ﬂ&%ﬂ%@%%“@%@“a§_(1@ﬁsa®i ianalbinary
correction is needed even if a de- noising is_performed on the captured

10 imBE8 TR HroVidES B HPthe? TeaSSI fot impismeRfNg thé whdte de-
noisiagpini the biraryr doatainr36 The,binardzethand Torected #nage canc
then, bestored-for example-inthe mamory 19 far fusthesuse. Alterpatively

or in addition, the binarrlized and, C(irrected image could also be presented

T 1 a
to Bkt ofi 4 Hidplay BFthe dariara 22 -100 Step on Lhe presented

binarization provides moreover an efficient way to

15 eliminate a vignetting.

It has to be noted that the presented operation can be

varied in many ways.

20 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 binaerizations are

25 needed for an image of the Bayer matrix cobtained 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

30 operation to all computed binary outputs. If the gray
level image computation is absent, a very fine tuning of
the pinarization for all the colors present in the input
image can be obtained. If a binarizaticon of wvery colorful
images is needed, all color components should be used.

35



35 phone 10 or be processed by some further application, WO
2007/012986 PCT/IB2006/052271 26 like a character recognition

W@gﬁ%@ﬁg&or a barcode reader application, etc. The preseptgtpases/osz27i
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binarization is adaptive without requiring 5 any set up or tuning by the
user: As the employed parameters an@functions are detected and

corrected autpmatically based on the captured.image, data, there.is no
R o ARG TSR e Ay Ser T SR e i Con Sigs ¥

allovscapavalfd 1955rotassihy drptokmMs @rfrcﬁvgaéﬂm@%mg@ﬁ thieo~

adaptiye binanizationsstep, and thus asraceeleratianof the presessing.
AlSQ the initialisation step can be parallelized. The initialization step of the
preseraitéﬁ Bimarization provf&ies moreover angé‘mfficien?w%y {6715 eliminate

a vighemtitiee fchas ' e aoted thatihe présentedoperatiorr tandse varied

in mam-wayg120 Forexamplente griaydevel:computation &tep 202:could
be ggippgrd, a}s{é{?ndi atedgiéloFigur% 2 %y dg%heidglinesu. I@Etbi%%ase the
subsequent g‘teps 3-205 aré performed separa?&yafér'éll Selected color
cofigorrares o} thes ‘spiurdinaye SFhat 8, f6aF Separafd Birfaizatibnges -
are s neededforan mage etthesBayar matrixobtained directly framithe
CQR sensor.while. (e separale binarzalions gre needed for agolor .
image%%sféine% at the ou?put of an imaging chain and for a c&orﬁrﬂ ¢
imagy Shraihtlidet EompressiolSATIAPSSIES obfaimedsytapplying
anfaR=30 eperation n-alkcempalted binay Hutplisathéhe gray-devels in
Imggr%eci?cgnwp ust_zli}z{ggslzsragg%r%té?m\éez{ge!gn? %Jgrlr?eq %fifferences appear

only for strongly different semi-images.

Figure 6 is a flow chart illustrating a possible further
variation of the binarization desgcribed with reference to

Fligure Z.

In this binarization, the steps o©f capturing the image
601, of computing the gravsczle image 602 and cof
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 tc step 204 of Figure 2 for a
grayscale image that is gpllit along a vertical line. The
initialized local parameters may then be used for
computing & binary image by rows in both semi-images
(step 605), as described above with reference te step 205

of Figure 2.

In addition, however, the same grayscale image 1s split
along a horizontal line for initializing local parameters

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

wEOMPRReRLs should be used. 35 WO 2007/012986 PCT/1152008/088 84371

27 Further, the global parameters D, DI and D2 could equally be
computed separately for each of a plurddity of sub- images, instead of for
th%fntlre émﬁge..As the blfrﬂgnzatlon moves mtgda ggg;}rga‘geﬁﬁhe bal 5

parameters and ﬁﬁzeOﬁB%]() Unction are then changsd accordingly” The - -

orighnd isageldarrbe Thated t@ tRig8 andFreEmpleviatd-2, 418, or 16

equadly 0f 1 differently sized subnimaggs. 1n case of two subdmages: ithe.
sub-images may correspond for example to the semi 10 images, and for
more than two sub-images, each semi-image may be divided further.
USThg dnecsetbfefichbaPpatanetais of more s&is of giobal paramessgted
][eauits;ingf%@;f@lovwﬁmi@mprpwm éomﬂhﬁfﬁrenqes %P@a%m
or_stron ifferent, semi-images. 15 Figure 6 is a flow chart illustrating a
PO TH e Sarieat ST db bt zatgs destriba At raie et 1o
Fig@re Uz 120 P s BiferZatibn I HESteps -of capturing the image 601, of
computing the grayscale image 602 and of extracting global parameters

603 may correspond to-steps 201 202Etand 203, respectively, of Figure 2.
S O PR s b T Sed 10b B0 44 HschBed

withoreéehealtosRép R0A%T Figire 296fa fraysealedriatjesthabfs spirect
alafg-a mesticalding-&pe60s independently by columns in both

semi-images obtained by the split along a horizontal line
{step 612). It has to be noted that only the oblect
computation ls updated. This means that for this step,
the primary cbject detections are not taken into account.
If the current pixel has already been determined to
belong to an object in the primary computaticns of step
605, step 612 is simply skipped. So, a correction is
needed conly when the background was detected in ths
primary computations of step 605. In other wcerds, only
the pixels that had been set to "white™ in step 605 are
possibly corrected. If the binarization on the orthogeonal
direction decides that the current pixel belongs to an
obhject as well, then the current pixel is corrected from
background value to object value. Apart from the fact
that a decision isg only tazken for a limited number of
pixels in step 612, the secondary binarization
corresponds exactly te the binarization described with
reference to step 205 for the mentioned cass of a

horizontal separation line.

It is to be understood that the basic binarization {(steps

604, 605) could alsc be performed based on & column-wise



initialized local parameters may then be used for computing a binary
image by rows in both semi-images 30 (step 605), as described above

Wiﬁﬂ(}%?f@%@ce to step 205 of Figure 2. In addition, however (%?B?ﬁ%ﬁ}%zm

grayscale image is split along a horizontal line for initializing

parameters 35 by columns (step 611).28n initialization based on a split
WO 2007/012986 PCT/1B2006/052271 28 along a horizontal line is
méEftiores aBdve With'reférefics Sﬁﬁ&%&z&%ﬁ‘é@ﬁé’ B aS&%ftefridtive
to ahZinitidizatiohdsased i assplivalongawerticat lineosdhesnonly one
split is used for the solution presented in Figure 2, while both possible

ﬂ?% in horizontal and vertical djrection - are used |r%gfrallel for the

NpredEhtatPin Eighrs 6° 10 i hitdliz50 T8cdl Patmetsrst© Pinary
5 remum@m&pm hetizonta$ 8plit &&7thehlised=for dorectibgthebbjertwith

obtaired dn, step. 603 indepengentlydy salumasgn otk semisimages
obtained by the split along a horizontal line (step 612). It has to be noted
that only the object 15 computation is updated. This means that for this
stéPhetherprimaky dbject detections are rivtiiakert fito @eccoungck thigiance
cugrent, pixel hag-alreadybeen-determined to; &?Ji‘ln%@\r% objectinihe <y
10 prlmarg § Léatlons of ste 05 ste 612 is s&r}npv\% 8Péped So, a
fectol TeetedSHiy WherPthe béf@kgﬁ‘oﬁn %Cf‘érba% the
pripfery cordputatiohs pf stép A5 nmsthier words oy sthegpixélsrthat hadt

begn-petdo pwhierin stepHQ5 A possibly cauected, lffhe hinatization

on the orthogona dlrectlon decides that the current pixel belongs to an
£ S
irecti ng.

15 Figures 7a, 7b and 7c illustrate the effect of the
proposed binarization. Figure 7a is a captured image that
is colored in the original. Figure 7b is a binarized
image resulting with the binarization approach presented
in the above cited document by Wellner. Figure 7c is a

20 binarized image resulting with the binarization apprcach

according to the invention.

While there have been shown and described and pointed out
fundamental novel features of the inventicn as applied to

26 preferred embodiments therecf, it will be understcod that
various omissions and substitutions and changes in the
form and details ¢f the devices and methods described may
be made by those skilled in the art without departing
from the spirit of the invention. For example, 1t is

30 expressly intended that all combinations of those
elements and/or method steps which perform substantially
the same function in substantially the same way fo
achieve the same results are within the scope of the
invention. Moreover, 1t should be recognized that

35 structures and/or elements and/or method steps shown



25 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
wh %@i,tﬁgz%mber of pixels in step 612, the secondary binarizalion, ..« vs2271
corresponds exactly to the binarization described with 30 reference to

step 205 for the mentioned case of a Hdrizontal separation line. It is to be
undeﬁ% ood that the basu; binarization, (steps, 604 605) coulii also b](_g
pePTRY BESST SR Fcalinfiiss WO 2007 g1 296 It eclosed Torm or
PGTIBZ006/05227 1t 29 provessingrwhie atstbbeqoenteertectiom(steps
611 :812)ds performedhased.en ayow-wise;preessing. Aheresulting

corrected image is then sub eCﬁGd to blnary corrections_(steps 6Q6, 607

608 B UeLePb et abo e BrncE 0 StepS 208 267 Ahd 208 of *°
Flgure Znnﬁ@elpnesentéﬁ%ﬂénm of achinariZativr-mdacoottance iwiti thg-ed
inyentiophas-the-additional advantage thatthes18secend split is suited
to correct the binary image obtained in step 305 with regard to undesired
lines that may be present in the obtained binary image in the direction of
moving. 15 Figures 7a, 7b and 7c illustrate the effect of the proposed
binarization. Figure 7a is a captured image that is colored in the original.
Figure 7b is a binarized image resulting with the binarization approach
presented in the above cited document by Wellner. Figure 7c is a 20
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



25 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 inyention. For example, it is 30
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 MEreovetr it ’shiould be recognized that 35 structures and/or

elements ang/of methpd:stepsagrownnWe 2003012986 s into two semi-
PCT/lJI?r.g_Of?gQSZZ?Z 30 and/or described in connection with any

disclosed form or embodiment of the invention may be incorporated in

any other discibséd oridéscrett oPStgHBSRESIOTATEF SbbaimeERt 85 1xels
generalnnatte: of gdesign sheicexdt isca the tritentian, thereforef ta beoundary
limited only as indicated, by.the seope of the ¢laims.appended hereto, 31

1. A method comgrising: spﬁttlng an image composeé of pixels migo two

semi- iHiEGESdRttializing to¢al ParaficteFSPaséBBIF TaRERGRpikERE Thar sad
lie in ap-areasadjasent e both sides et adoundary separating said

semi-images; c%lculatin an adaapti.ve threshold for %a_cth o; said .
iy Eer orman ? binay za%l?n §i§aﬁa = %1 or_ea%? of said
semi-images proceeding from said initialized local parameters; an

perforrafia Binarzation sepurately 16PEAER of saff serfi-images tisirg 1d
said agapfive thresheld, wherein said -binagization of said senyi-iniages zeq
results MALINAZEA | i nage.
2. The method according to claim 1, wherein said pixels are
arranged in columns and rows, wherein said boundary 1s a
vertical line, wherein said initialized local parameters
comprise for each row an initial sum of pixel wvalues in said
row in sald 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 £rom an initial sum assoclated to a respective

IOW.

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

images using said further initialirzed local parameters.



image of said image. 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 zrow 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 associated to a respective row. 3. The

rMethod Sc 8Tl G ERiRT2 Plrtifer comPrisingSphiftiny aidindaye aldivg :no

a horizontal-tine intostwie: tfarther senfisimages; tniializing further logabveraged
parameters, .sajd furthes initialized logal parameters,comprising for, each, .,
column an initial sum of pixel values in an area adjacent to said horizonta

line, afd cOFFEELNE SRl BirariZed ima§ersepatately iy Bachiefsaignaowed
furthersemidmages bsing=saicfurther initiatized lecalparametersn324-14 for
The methocg acc%rding to claim f wherein a windowed moving sum which

. Sl reicuxal lxael. . . . .

is determined for a partlcu%r pixel is averaged with a windowed moving

sum which is determined for a pixel adjacent to said particular pixel,

beforergaid windewed: mexing;sum isiused for calewlatingsan adaptives are
threshold for s%id.%articijlar pixel.c?. The metgod accordin }go claém 1, .

arra = COLUMNS & rOowWws whereln sSal auingary 135 4a
wherein salagplxe S are arrange |In coi’ﬂrﬁns ana rows, wnerein Salé
bound&rrisz@iorzanitag lineh aekeinssaid initinlized local parsmetarsaneters

comprisenfer each-column-andpitial.sum of pixel ¥alues in, said.colummifes in
said area,%djac nt to said horizontal Iing% aand wherein saio!jadagtive
J &

sad.d ¢ il sald area a cent to said horizental line
thresh&Td'is caicliated o’ @ach - !
and wherelin said adaptive threshold i1s 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

regpective column.

6. The method according teo claim %, further comprising
splitting sald image along a vertical line into two further
semimimages, initializing further local paraneters, saild
further initialized lcocal parameters comprising for each row
an initial sum of pixel wvalues in an area adjacent to saild
vertical 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 5, wherein a windowed moving
sum which iz determined for a particular pixel is averaged
with a windowed moving sum which is determined for a pixel
adjacent tc sald particular pixel, before sald windowed

moving sum ls used for



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 sentiamages, 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 vertical line,
and correcting said binarized image separately in each of said further

semi-iffages asingCsain ftther ifftidiizetf lotat pafdmaters. 72 The-atar pixel.

method according to claim 5, wherein a windowed moving sum which is

determiped,fof a-particllarpixel 1s aygtaged, with, a.windowed maving

sum which is determined for a'pixel adjacentto said particular pixel, .
before S&H8 WindOwWe P ThOVITF SBATRIIséd Fors33 CcalRakiting'aR Zfdptive: ¢
threshalghforisaid parteularpixel. 8z Thelmethod accordingto claim Jsemi-
further.comprising, computing gl 9 é}par meters fqr. said.image, wherein

said adaplve thréshalca CalIated for Sach of Said Semi- MmaBes taking” ™

in addition account said global parameters. 9. The method according to

ctaim &Mh@é&jnﬁgid@i@aaliwram&t@ﬁﬁr&adem{é&ie@d %F_!@f&ﬁ&@kf@n _

each of said semi- images, 10. The method acgg&dln%o claléF SG%NQ%rfclp cemi—

... DAra rs crmined separa EE]
said mﬁlaﬁlzed ?ocal parameters comprlsg initia SL}]ms o];f pixel values'in

said areaag@jacent to said boundary, wherein adaptive thresholds are

calculated for pixels of each semi-image based on windowed moving

ss ofpixelyalues proseeino f1oma respecti NGl SUTh AN, <121 sz
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 1s determined by applying
the following operations to a moving sum for the particular
pixel:

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

a multiplication with a value of an adjustment function
for said moving average, wherelin 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, said ranges being defined by a first and a second

one of said computed global parameter valuss; and



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 avetagesPsaittrarjeybeing-defite ¢ By fifst &ldacdedsigreter
one ofwgdid«computed glohal parametet yafues; angnd4 sa muliplicationomputed

wit_h thérpO%%@pgg%gl 19!3%%%' parameter value that lies between said first and
said second computed global parameter values. 11. The method

according to claim 1, wherein said image is a color image, said method
precedinglyreamptisescanvertingo saick€alor imagervia agraysealeye is a

image. 12. The method accordi 91 claim 1, further comprising applying,. .
pinary S ct T st B aroad g T3 e e 2o Eans

claim E2WhefeinTsditidiRaiy Corfe Gichs €6mprisBaatdeast one of a
binary media filtering and a binary morphological filtering. 14. The method

aggording tg claim 1, In which a parallel grocessing s canisd outin, . ooy

accordance wi éc& |east one of the %Ifowmg.’ - 3ait |n|t|aI|Z|n8 ofiocal “FP-YHhe

parametersig carried utins paralie With arcom pating of ¢iebal

parameters for said image; - within said initializing of local parameters for

a?B. The method according to claim 12, wherein said binary
corrections comprise at least cne of & binary media

filtering and a binary morphological filtering.

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

- said initiazlizing of local parameters 1s 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 lsg
carried out in parallel for respecitively at least two
columns or at least two rows;

- sald initieslizing 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



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; - said initializing of local
parameters in one direction is carried ot in parallel with an additional
initializing of local parameters in another direction; - within said

binarization a calculation of an adaptiye, thrgshald is carded out jn:paraliel 4

for each of said semi-images; and 35 within said binarization for an
image, in which$8id® Pixé18 Ere%afangedin SBiimAR i tows 2a EepHrate”
calculation of andadaptive tresholdlisscarriedtoutishpadallel forrried cut in

respectively at least two colymns, or af least twq faws in.a respective gne .

of said semi-images. 15. An image processing chipset comprising: an
initializing pEtsh coffighiréd to split ARSiRtage Grmp6séed ofpixelsshite 1 mages -
two semi-images and to initialize local parameters based on values of

gi)éels Zggati l:.jm% i% an_area é‘?ﬁgcec’i'ltit&%%thc ides os[ &Boundary separating
said seml-lmggeg; ang a binarizing portion ¢ nﬁgured to performa
binarizationaepdrately ¥oF eaghrsfe seRfifirhagiésssf & iffage udthg afnde
adaptivertBeeshold swheseinssaigradapiive dhresholdds calaulated foreach ze
of said semj-images, proceeding from local paramelers nitialized by saig,
initializing porﬁqn. 18, The image processing chlps& according to claim
15, furti¥er comprising 4 globdl parafréte? extraetiBRdiottiopceorfigured t¢1d
compuigrglobakparameters for said image, wherein said
a binarizing portion configured 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 porticn.

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

said global parameters also.

17. An electronic device comprising:
an initializing portion configured to split an image
composed of pixels into two semi-images and to initialize

local parameters based on values of pixels that lie in an



binarizing portion is configured to calculate said adaptive threshold for
each of said semi-images taking account of said global parameters also.
17. An electronic device comprising: an initializing portion configured to
split an image composed of pixels into Bgo semi-images and to initialize
local parameters based on values of pixels that lie in an 36 area adjacent
to both sides of a boundary separating said semi-images; and a
binarizing portion configured to perform a_binarization separately for each

of two semi-itaGe$df aRcThabe fSing an 8apfive thidanotd Wharen© 419

said adaptive=threshelgkis;calgdlated for each of said semi-images

proceeding from local, parameters pitialized hy.said. inifializingpartion. 18.

The electronic device according to claim 17, further comprising a global
parametérextraction pothén Tonfigured 65 Eonhte Globarpardhigtets for -
said imageswherein saidabinarizingpartiends €¢onfigured to calculatezgaitve
adaptiye, fueshold [or.gach,ol said semiimages Jaking.acegunt gf, s
global parameters also. 19. The electronic device according to claim 17,
wherekir 84tk eléctrérie te\iee is BhedFa Tiobild phonel acomputet: &
digital camerta, - persanat €¢igital assistant, and a portable device
comprising a camera functionality. 20. A computer readable medium

stored with software code for binarizing an image composed of pixels,
wihereithsaiel softiare cothe Wherp6%8EGtetby @ protessihl uhit o

electropig gevice, perfosmse splifingsaickimage: e dwensemHMagesintigurad
to compute global parameters for said image, wherein said
binarizing portion is configured to calculate said adaptive
threshold for each of said semi-images taking account of

said global parameters also.

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

device comprising a camera funciionality.

20. A computer readable medium stored with scftware code for
binarizing an image composed of pixels, wherein said
software code when executed by a processing unit of an
electronic device performs:

splitting said image into two semi-images;

initializing local parameters based on values of pixels
that lie in an area adjacent to both sides of a beundary
separating salid semi-images; and

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

adaptive threshold is calculated for each of



initializing local parameters based on values of pixels that lie in an area
adjacent to both sides of 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 37 said semi-images proceeding from said initialized local

parameters. 21. The computer readable medium according to claim 20,

wherein when being executed by a processing unit of an electronic. ., ,
device said SéftWare RodeaRRRr PEAFES COMPULIAG §iobal ‘Paranietefs +ocal
for saickimage ssaid adaptive threshold being calculated for each of said
semi-images taking account of said global parameters also.

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

said global parameters also.



