
WO 2007/012986 PCT/IB2006/052271  5 Hinarization of an image FIELD
OF THE INVENTION The invention relates to a method for binarizing an
10 image, to an image processing chipset and an electronic  device
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  presentations on computer monitors, etc. 25 In some situations, it
may be desired to convert such a  color or grayscale image by means of
binarization into a  binary-valued image, for example in order to facilitate
a.  document analysis or to reduce the data amount. In most  document
imaging systems, a binarization process 30 typically precedes the
document analyzing procedures.  Usually, binarization comprises
comparing an original  value of each pixel of an image with a threshold
value. A  binary value for this pixel may then be set to a first 35 value, for
instance to black, in case the threshold is  exceeded, and to a second
value, for instance to white, WO 2007/012986 PCT/IB2006/052271  2
otherwise. The pixels of one value, for instance all  black pixels, may then
represent a recognized object,  



while the pixels of the other value, for instance all  white pixels, may
represent the background. 5 The task of implementing binarization
efficiently can be  quite complex. Frequently, the physical dimension of a
printed text that must be binarized for a document  processing application
varies significantly, even on the 10 same page. Also, if binarization of
hand-written notes is  to be enabled, the complexity increases. In addition,
most conventional object recognition systems  were developed specifically
for document images acquired  15 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 device with
camera components, 20 which allow taking pictures and recording
movies. Digital  cameras or embedded camera components could thus be
used  as a new kind of input interfaces, for example for a  character
scanning and recognition functionality.  Therefore, a need for the
possibility of processing 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 camera image is more
difficult to 30 recognize than an object in a scanner image. The reason  is
that with a camera, it is more difficult to control  the imaging environment
than with a scanner. Even if the  user 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.
Secondly,  the color level surface of a camera image is smoother  than the
color level surface of a scanner image. In other 5 words, the edge of an
object in the image, for example of  a character, is not as clear as in a
scanner image, and  therefore, the difference in intensity between the
foreground and the background varies in many camera  images. Thirdly, a
camera image may be distorted by 10 sensor noise added to the captured
image, as well as by  optical blur and vignetting that are due to the optical
system of the camera, namely the camera lenses. These  problems are
especially significant in camera images that  are not well focused. 15 In
order to deal with a camera image, the performance of  the binarization is
thus very important. However, the  performance of conventional local
binarization approaches  depends on parameters employed in the
binarization. Even 20 if a particular set of parameters works nicely for one
image, these parameters will most likely not be suitable  for other images.
Moreover, even if an optimal parameter  is computed carefully, the
binarization approach may fail  to preserve important details of the
structure of an 25 object. Consequently, several problems have to be
considered when binarizing a camera image. Various methods have been
developed to binarize an image.  These methods can be classified into
global binarization  30 methods and local binarization methods. 



In a global binarization method, the most important step  consists in
determining a global threshold value. This  threshold value will then be
used as a. deciding factor 35 for each pixel of the image. This method is
based on the WO 2007/012986 PCT/IB2006/052271  4 assumption that
the input histogram is bi-modal. The  advantage of this method is its
simplicity and  effectiveness for uniform images. But if the background  or
the noise characteristics are non-uniform, this 5 approach may result in
large errors. In a local binarization method, a dedicated threshold is
determined for every pixel of an image based on some  local statistics.
Many popular local binarization methods 10 are window-based
approaches, in which, the local  threshold for a pixel (i, j) is computed from
gray level  values of the pixels in a window centered at (i, j).  Various
formulas have been proposed for computing such a  local threshold. 15 A
local binarization method has also been presented by  P.D. Wellner in:
"Adaptive thresholding for the  DigitalDesk", EuroPARC Technical Report
EPC-93-110, 1993.  The presented method is specifically designed for
images 20 containing printed text and uses moving averages to  decide
about the outcome of the binarization. The idea of  this method is to run
through the image while calculating  a moving sum of the last n seen
pixels. When the value of  a pixel is significantly lower than a moving
average, it 25 is set to black, otherwise it is left white. This method
requires only one pass through the image. The image is  



treated as a one-dimensional stream of pixels, and a  moving sum that
can be used for determining the moving  average can be computed
directly, or estimated based on  30 the following equation: M+~ - M, - M T
P.-.~.  n where M,+i is the estimate of the moving sum for pixel  35 p,.i.
The one-dimensional stream of pixels is taken from WO 2007/012986
PCT/IB2006/052271  5 the camera image according to a scanning method
called  "boustrophedon", meaning "as the ox plows" in Greek  language.
That is, pixels are taken from one row  progressing from the left to the
right and from the next 5 row progressing from the right to the left, etc. By
using  this method, a bias from one side of the image over the  other is
avoided. The estimated moving sum is then used  as a local threshold
value in accordance with the following equation:  10 P Ojf Pa`M,, 100  255
, otherwise, where P is the resulting binary value for pixel p , where  n is
the number of pixels considered in the moving sum, 15 and where a is a
fixed percentage value. The term N:  n represents the actual moving
average. It has to be noted,  though, that also the moving sum M itself is
frequently  referred to as a moving average. A simple extension of  this
algorithm averages the current threshold with the 20 one from the row
above, in order to take account of  



illumination changes and to consider also the vertical  axis of the image. It
is a likely problem of this method that the percentage  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 different capturing  conditions
occur. 6  SUMMARY OF THE INVENTION Embodiments of the invention
seek to provide an  alternative to existing binarization solutions. It is
further an object of the invention to enable a fast  binarization.
Embodiments of the invention further seek to  enable an efficient
binarization of an image captured by a  camera. In accordance with a first
aspect of the invention,  there 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  said initialized
local parameters; and performing a  binarization separately for each of
said semi-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
image processing chipset  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 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 adaptive  threshold, wherein said
adaptive threshold is calculated  for each of said semi-images proceeding
from local  parameters initialized by said initializing portion. 6a  In
accordance with a third aspect of the invention,  there is provided 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 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 adaptive  threshold, wherein said
adaptive threshold is calculated  for each of said semi-images proceeding
from local  parameters initialized by said initializing portion. In accordance
with a fourth aspect of the invention,  there is provided a computer
readable medium stored with  software 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 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 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  comprises splitting the image
into two semi-images and  initializing local parameters based on values of
pixels  that 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. 6b  Moreover, an image processing
chipset and an electronic  device are proposed in example embodiments.
Both comprise  for a binarization of an image composed of pixels an
initializing portion adapted to split an image into two  semi-images and to
initialize local parameters based on  values of pixels that lie in an area
adjacent to a  boundary separating the semi-images. The image
processing  chipset and the electronic device further comprise a
binarizing portion adapted to perform a binarization  separately for each of
two semi-images of an image using an  adaptive threshold, wherein the
adaptive threshold is  calculated for each of the semi-images proceeding
from  local parameters initialized by the initializing  portion. 7  The
proposed electronic device in example embodiments can  



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
by a processing unit of an electronic  device, the software code realizes
the steps of the  proposed method. The software program product 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 of an electronic device into which the
software code  is loaded for execution, etc. Embodiments of the invention
proceed from the consideration  that two semi-images of an image can be
binarized  independently of each other, local parameters employed  in the
binarization of each semi-image are first  initialized based on pixels from
both semi-images. It is an advantage of the invention that the separate
binarization of two semi-images 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 variation in the properties of the  original
image. 8  Usually, the pixels of a digital image are arranged in  



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 each semi-image based on a
windowed moving sum proceeding from an initial sum  associated to a
respective row. Alternatively, the boundary  could be for instance a
horizontal 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
each pixel in each column of each semi-image  based on a windowed
moving sum proceeding from an initial  sum associated to a respective
column. The proposed initialization may provide an efficient way to
eliminate the vignetting from the input image. The  conventional
boustrophedon scanning may be efficient for  eliminating the bias between
successive rows, but the  vignetting aberration quantity is different on
successive  rows. in fact, its character is strongly nonlinear. One  option
would be to use an adaptive computational length for  the moving sum.
But this would complicate the process  significantly. The proposed new
scanning may be much easier  to realize. Since the scanning is not
performed in  alternating directions anymore, but starting for every row  or
column anew from the computed initializations, the  vignetting may be
simply eliminated by the independent  computation on rows or columns. 9



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 will be inside the  line, but because
of noisy camera sensors they will be  quite different. Therefore, the
binarization may decide  that background is present inside the thick line. A
first approach is proposed, according to which this  effect may be
corrected to some degree by applying adaptive  local corrections to the
windowed moving sum. To this end,  a windowed moving sum which is
determined for a particular  pixel can be averaged with a windowed
moving sum which is  determined for a pixel adjacent to the particular
pixel,  before the averaged windowed moving sum is used for  calculating
an adaptive threshold for the particular pixel.  Such an additional
averaging may allow increasing the local  influence on the threshold value.
In one embodiment of this  approach, the windowed moving sum which is
determined for a  particular pixel is averaged aleast with the windowed
moving sum which is determined for a pixel preceding the  particular pixel
in the same row or column, in which the  moving sum is determined. This
embodiment ensures that the  calculations for each pixel can be ' limited
to a single row  or column. Alternatively or in addition, the windowed
moving sum which is determined -for a particular pixel may  be averaged
with at '-east one windowed moving sum which is  determined for a pixel
in the preceding row or column, in  which the moving sum is determined.
10  



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 a preliminary result. In addition,
the original image  is split into two further semi-images in the orthogonal
direction. For these further semi-images, further local  parameters are
initialized in the same manner as described  above for the first horizontal
and vertical split,  respectively. The preliminary result is then corrected
separately in each of the further semi-images using the  further initialized
local 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. Each pixel that was  determined in the first binarization step to
belong to the  background may now be determined to belong to an object
as  well, and the associated value is corrected accordingly.  While the first
presented approach has the advantage that  it is faster, the second
approach has the advantage that  it results in better correction solution. It
has to be noted that in the second approach, a binary  output is already
available before the correction is  



applied, so this step is supplementary. Due to the WO 2007/012986
PCT/IB2006/052271  11 additional time consumption required for the
correction,  it could therefore be carried out in one embodiment only  upon
a request by a user, for example whenever the user  is not satisfied with
the obtained primary binarization.  5 The optimum threshold value for a
pixel may depend on  both local image behavior and global image
behavior.  Thus, advantageously global parameters are computed in 10
addition to the local parameters, which can be taken care  of for example
in parallel with the initialization of the  local parameters. The calculation of
the adaptive  threshold for each of the semi-images may then in  addition
take account of the global parameters. This 15 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.  To further improve the
robustness to illumination 20 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. 25 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 30 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 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
defined by a first and a second one of the computed  global parameter
values. 2. A multiplication with a third computed global parameter  value
that lies between the first and the second  computed global parameter
values. As an additional operation, a division by a number of  pixels
considered in the moving sum could be applied, in  order to convert the
moving sum into a moving average. If  the number is 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 the invention can
be used for grayscale  images, color images and raw data coming directly
from a  camera sensor. If the image is a color image, it may first  be
converted into a grayscale image. Alternatively,  however, one of the
colors may be selected as a basis for  the binarization, or the binarization
may be performed  



separately for two or more colors. In this case the  resulting plurality of
binary images may be combined to a  single binary image. The obtained
binary image can further be corrected by  applying binary corrections, for
example by means of a 13  binary median filter applying a binary median
filtering  and/or binary morphological filters applying a binary
morphological filtering. It has already been indicated that embodiments of
the  invention enable a high degree of parallel processing, each  type of
implemented parallel processing increasing the  overall processing speed.
Summarized, it is a possible  option for a parallel processing that the
initializing of  local parameters is carried out in parallel with a  computing
of global parameters for the image; that within  the initializing of local
parameters for an image, in which  the 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;  that the
initializing of local parameters in one direction  is carried out in parallel
with an additional initializing  of local parameters in another direction; that
within the  binarization a calculation of an adaptive threshold is  carried
out in parallel for each of the semi-images; and/or  that within the
binarization for an image, in which the  pixels are arranged in columns and
rows, a separate  calculation of an adaptive threshold is carried out in
parallel for respectively at least two columns or at least  two rows in a
respective one of the semi-images; etc. As embodiments of the invention
can be used for different  



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 to separate an object from the
background. Embodiments of the invention may be employed  for example
in an image pre-processing that is the first  step in a document processing
system, or in an  object/background separation system. The aim of the
pre- processing is to obtain the best possible binary image from  the input
image that will enable a detection of objects or  a character recognition.
Embodiments of the invention can further be employed for a  large variety
of applications. An exemplary use case is a  processing, retrieval and
storing of a document in form of  a text instead of a color image. A further
exemplary use  case is 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 is represented. A further
exemplary use case is a  board presentation, scanning and storing. A
further  exemplary use case is a scanning of text information  presented
on TV sets and monitor displays, like 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.  Equally,
the software code stored in the proposed software  program product may
be implemented to realize any of the  presented embodiments. Other
objects and features of the present invention will  become apparent from
the following detailed description  considered in conjunction with the
accompanying drawings. WO 2007/012986 PCT/182006/052271  15 It is
to be understood, however, that the drawings are  designed solely for
purposes of illustration and not as a  definition of the limits of the
invention, for which  reference should be made to the appended claims. It
5 should be further understood that the drawings are not  drawn to scale
and that they are merely intended to  conceptually illustrate the structures
and procedures  described herein. 10 BRIEF DESCRIPTION OF THE
FIGURES Fig. 1 is a schematic block diagram of an electronic  device
according to an embodiment of the  invention; 15 Fig. 2 is a flow chart
illustrating a binarization in  the electronic device of Figure 1; Fig. 3 is a
diagram illustrating a local parameter  initialization employed in the scope
of the  binarization of Figure 2; 20 Fig. 4a is a diagram illustrating the
moving sum  computation employed in the scope of the  binarization of
Figure 2 for a first semi-image; Fig. 4b is a diagram illustrating the moving
sum  computation employed in the scope of the 



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
the  binarization of Figure 2; 30 Fig. 6 is a flow chart illustrating a variation
of the  binarization of Figure 2; Fig. 7a is an example of an original image
that is to be  binarized; Fig. 7b is the binarized image of Figure 7a
resulting  35 with an approach of the state of the art; and WO
2007/012986 PCT/1B2006/052271  16 Fig. 7c is the binarized image of
Figure 7a resulting  with an approach according to the invention.
DETAILED DESCRIPTION OF THE INVENTION 5 Figure 1 is a
schematic block diagram of an electronic  device, which enables an
efficient binarization in  accordance with an embodiment of the invention.
10 By way of example, the electronic device is a camera  phone 10, that
is, a mobile phone comprising embedded  camera functions. It is to be
understood, though, that it  could be any other kind of electronic device
that  benefits from an efficient image binarization. 15 The camera phone
10 includes an image sensor 12, for  instance a CCD (charge coupled
device) sensor. The camera phone 10 further includes a processing unit
12  20 that is adapted to execute various software program  codes. The
software codes include an optional image  



processing code 13 and binarization-related software  program codes.
The image processing code 13 can realize  for example an imaging chain
or a JPG image generator. 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 initialization code
16, an 30 adaptive binarization code 17, and a binary correction  code 18.
The processing unit 12 could be for example a general  digital processing
unit of the camera phone 10, which 35 runs software codes for various
applications, or it could WO 2007/012986 PCT/1112006/052271  17 be a
dedicated camera processing unit. Alternatively, the  functions of the
image processing 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. It is to be understood that the camera phone 10 comprises  10 in
addition various other components, including  components which enable a
mobile communication, etc. 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 Figure 2 is a flow chart illustrating the steps of
the  binarization. 20 In a first step, an image is captured by the image
capturing portion 11, 13 (step 201). The captured image  



can be Bayer matrix image data obtained directly from a  CCD sensor 11.
Alternatively, it could be a color image  output by the image processing
code 13, for instance the 25 color image output by an imaging chain or a
color JPG  image obtained after a compression of Bayer matrix image
data. The captured image can have for example a size of  640*480 pixels,
but equally any other size. 30 When Bayer matrix data is used, the image
obtained from  the sensor 11 contains four components for each pixel,
namely one Red component, two Green components and one  Blue
component. In one embodiment, only one of the Green  components and
the Red component is used for the 35 binarization. Using only selected
components in the WO 2007/012986 PCT/152006/052271.  18
binarization has the advantage that each neglected  component reduces
the amount of the Bayer matrix data by  one quarter, which also reduces
the computational  complexity and increases the processing speed of the
5 binarization. Moreover, the Blue component is the  noisiest component,
so its absence facilitates in  addition a process of de-noising. It has to be
noted,  though, that such a component selection is only of  advantage, if
the object that is to be binarized appears 10 black in the input, for instance
if the object is a  barcode. Only in this case the absence of the Blue
component does not have much of an impact. A color component
selection could be carried out for  15 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.  20 The gray level
computation code 14 transforms the color  image into a grayscale image
(step 202). This can be  achieved for instance by an appropriate
averaging of the  selected color components Red, Green and Blue. 25
Alternatively, simply one component of the color image,  for example the
Green component, could be used instead of  the grayscale image. This is
enough to binarize captured  documents written in black and white. If the
captured  image contains also colored characters, better results 30 are
obtained if, for example, the Red and Green  components are averaged
for each pixel. If the object to  be binarized appears in light colors, the
Blue component  should be used as well. The gray level that is associated
to each pixel may be for example one of 256 possible gray  35 levels lying
in the range of 0 to 255. WO 2007/012986 PCT11B2006/052271  19 The
gray level computation increases the speed of the  binarization, since only
one component has to be further  processed in the subsequent processing
steps. 5 The obtained grayscale image data is provided to the  global
parameter 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
extraction  code 15 (step 203). These global parameters can be used  



as weights for local parameters, as will be explained 15 further below, or
for deciding about corrections applied  during an adaptive binarization. In
one possible implementation of the global parameter  extraction, the
maximum value (Max) and the minimum value  20 (Min) of the whole
image are determined to this end. Global parameters D, Dl and D2 can
then be derived as  follows: D = (Max+Min)/2  25 Dl= (Min+D)/2
D2=(D+Max)/2  In another possible implementation of the global
parameter extraction, histograms are used to derive the 30 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 35 zero part of the histogram. D1 is
set to correspond to WO 2007/012986 PCT/IB2006/052271  20 the
highest gray level at which the histogram represents  more then 10% of
pixels belonging to an object, which is  represented by the higher gray
levels. Similarly, D2 is  set to correspond to the lowest gray level at which
the 5 histogram represents more then 10% of pixels belonging to  the
background, which is represented by lower gray  levels. For example, the
gray level computation (step  202) could result in grayscale images with
256 levels of  Gray. For determining the global parameters DI and D2 by
10 means of histograms, first, a histogram is computed for a  



respective grayscale image. Starting from 0 and  proceeding towards 255,
then a first histogram maximum Ml  is computed. A maximum may be
considered to have been  obtained if the current value is greater than two
15 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  object/background separation value is
approximated with  Sep = (Ml+M2)/2. A sum Sl of histogram values is
computed 20 from 0 to Sep, and a sum S2 from Sep to 255. Then the
global parameter values are obtained by Dl = S1*10/100  and D2 =
S2*10/100. Both implementations result in a good performance. The  25
first implementation performs better for a more regular  and not so colorful
captured image, though. In parallel or subsequently, the local parameter
initialization code 16 initialized a plurality of local  30 parameters (step
204). It has to be noted that for a subsequent initialization, the captured
image data could  be provided to the local parameter initialization code 16
as well via the global parameter extraction code 15,  instead of directly by
the gray level computation code 35 14. WO 2007/012986
PCP/Im2006/052271  21 For the initialization, the image is split along a
horizontal or a vertical separation line into two equal  size images.
Common initial values of the local 5 parameters for both semi-images are
then determined by  means of a computation that is performed on pixel
values  of both semi-images adjacent to the separation line. 



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
image 300 that is split into a first  semi-image I 301 and a second
semi-image II 302 along a  15 vertical initialization separation line 303.
Each row k of the image 300 comprises the same number of pixels 304.
For each row x of the image 300, an initial value MO is  calculated. In the
given example, the initial value MO for 20 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 II 302
located next to the vertical line in row k.  The initial values M3 are the
common initial values for  25 the semi-images 301, 302. Alternatively, in
case of a horizontal separation line,  in each column of the image four
pixel values from each  semi-image, which are adjacent to the separation
line in  30 a particular column, are summed. After this step 204, the further
processing can be  performed independently in each semi-image. WO
2007/012986 PCT/152006/052271  22 The next step (step 205) is
performed by the adaptive  binarization code 17 that receives as an input
the  extracted global parameters D, Dl and D2, the computed  local initial
values Mo and the grayscale image data. The 5 grayscale image data
includes the gray levels of all  pixels. It has to be noted that the grayscale
image data  could be provided to the adaptive binarization code 17 as
well via the global parameter extraction code 15 and/or  



the local parameter initialization code 16, instead of 10 directly by the gray
level computation code 7.4. The adaptive binarization code 17 performs
an adaptive  binarization separately for each semi-image 301, 302. 15
First, an adaptive threshold value is determined for each  pixel of a
semi-image based on the provided global  parameter value and on the
provided initial values. The initial values Mo are used for determining a
local  20 parameter value for each pixel p;,1 in form of a moving  sum
M,+3 by means of a central recursive implementation of  moving
averages, as will be explained in the following.  It is to be understood that
the moving averages could  also be calculated directly. 25 Assuming that
the original image is split into two semi- images 301, 302 along a vertical
line 303, the processing  of a respective semi-image will be carried out on
rows. 30 Figure 4a illustrates the determination of a moving sum  M ,1 for
a pixel p;,1 in a respective line k of semi-image  I 301 according to the
following equation: Ma"i = M35 WO 2007/012986 PCT/182006/052271  23
Pixel po of a respective row k is the pixel of semi-image  II 302 that is
adjacent to the separation line 303, and  the pixel index increases towards
the left. The initial  value Mo, valid for pixel. po of a respective row k, was
5 computed at step 204. In the given example, the variables  a and b are
set to a=3 and b=5 in view of the respective  eight pixel values combined
in the initial value Mo.  Moving sums are determined in the same manner
for the 



10 pixels of the second semi-image II 302, which is  illustrated in Figure
4b. In this case, pixel po of a  respective row is the pixel of semi-image I
301 that is  adjacent to the separation line 303, the index of the  pixels
increasing towards the right. 15 The local influence on the desired
threshold value can be  increased by further averaging the current moving
sum M;,+,  for pixel p +i with the moving sum Mi computed in a  preceding
step for pixel pi, which keeps the processing 20 row-internal. The resulting
local parameter value is  denoted with H. Alternatively or in addition, the
parameter value H could also be obtained by averaging the  value Mi+i for
pixel p,; of the current line k with the  value M;+ for pixel p +i of the
preceding line k-1. 25 The adaptive threshold T_ for pixel p,+, in a
particular  row of one semi-image can then be determined in  accordance
with the following equation: 30 T,=1~HAP~n)+GP , 11 In the given
example, n=8 is the window size used, GP = D/8 is a global parameter
factor depending on provided  global parameter value D only, and AP(x) is
an adaptive WO 2007/012986 PCT/FB20061052271  24 parameter
function depending on provided global parameter  values Dl and D2. The
shape of the function AP(x) and the way its shape is  5 controlled by the
global parameters Dl and D2 is  illustrated in Figure S. It can be seen that
the value of  



AP decreases from approximately 2 to approximately 1 for  a value of
threshold x rising from 0 to Dl. Then, the  value of AP stays basically
constant as the value of 10 threshold x rise from Dl to D2. Finally, the
value of AP  decreases further for a value of threshold x rising from  D2 to
255. I. can be seen that this function will weight  the adaptive threshold
with a constant value only when  the pixel value p;,,; lies between the
global parameter 15 values Dl and D2. The shape of the function is
adjusted  automatically for a respective image based on the  determined
values of global parameters D1 and D2. Once the threshold Ti has been
determined for a particular  20 pixel p,, the adaptive binarization code 17
determines  whether the gray level of the pixel p lies above the  threshold
T1,. In case it lies above the threshold, the  pixel pi is set to "black",
otherwise, the pixel p; is set  to "white". 25 It has to be noted that in case
of a horizontal  separation line, the processing is performed in an
equivalent manner in columns instead of in rows. 30 Finally, the binary
correction code 18 applies binary  operations to the obtained binary image
with the purpose  of correcting the binary image (step 206). More
specifically, a binary median filtering (step 207)  performed by a median
filter is followed by a 35 morphological filtering (step 208) performed by
WO 2007/012986 PCT/IB2006/052271  25 morphological filters. The
binary median filter is  responsible for de-noising. It has the purpose to  



eliminate all small impulses like artefacts that may  result after the
binarization. The morphological filters 5 are responsible for
erosion/dilatation corrections. They  have the ability to correct the shape
of characters, as  far as present in the image, into shapes that are more
pleasant to the eye, as they make the characters appear  more fluid. It has
to be noted that the order of 10 processing could also be reversed. Thus,
it is also  possible to first use the morphological filters and then  the
median filter. A de-noising step with 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
disadvantage of this  approach, however, that quite sophisticated
de-noising  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 obtained results are better when the 25 image is
corrected only after the binarization. Moreover,  some additional binary
correction is needed even if a de- noising is performed on the captured
image, which  provides a further reason for implementing the whole de-
noising in the binary domain. 30 The binarized and corrected image can
then be stored for  example in the memory 19 for further use. Alternatively
or in addition, the binarized and corrected image could  also be presented
to a user on a display of the camera 



35 phone 10 or be processed by some further application, WO
2007/012986 PCT/IB2006/052271  26 like a character recognition
application or a barcode  reader application, etc. The presented
binarization is adaptive without requiring  5 any set up or tuning by the
user: As the employed  parameters and functions are detected and
corrected  automatically based on the captured image data, there is  no
necessity for a calibration of the system. In  addition, the initialization step
allows a parallel 10 processing on columns or rows of the image in the
adaptive binarization step, and thus an acceleration of  the processing.
Also the initialisation step can be  parallelized. The initialization step of the
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 binarizations
are 25 needed for an image of the Bayer matrix obtained directly  from the
COD 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 binarization for all the colors present in the input  image can be
obtained. If a binarization of very colorful  images is needed, all color
components should be used. 35 WO 2007/012986 PCT/1112006/052271
27 Further, the global parameters D, Dl and D2 could equally  be
computed separately for each of a plurality of sub- images, instead of for
the entire image. As the  binarization moves into a sub-image, the global 5
parameters and the AP(x) function are then changed  accordingly. The
original image can be divided to this  end for example into 2, 4, 8, or 16
equally or  differently sized sub-images. In case of two sub-images,  the
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.
Using one set of global  parameters or more sets of global parameters
results in  somehow similar performances. Some differences appear  only
for strongly different semi-images. 15 Figure 6 is a flow chart illustrating a
possible further  variation of the binarization described with reference to
Figure 2. 20 In this binarization, the steps of capturing the image  601, of
computing the grayscale image 602 and of  extracting global parameters
603 may correspond to steps  201, 202 and 203, respectively, of Figure 2.
25 Further, local parameters may be initialized (step 604)  as described
with reference to step 204 of Figure 2 for a  grayscale image that is split
along a vertical line. The  



initialized local parameters may then be used for computing a binary
image by rows in both semi-images 30 (step 605), as described above
with reference to step 205  of Figure 2. In addition, however, the same
grayscale image is split  along a horizontal line for initializing local
parameters  35 by columns (step 611). An initialization based on a split
WO 2007/012986 PCT/1B2006/052271  28 along a horizontal line is
mentioned above with reference  to step 204 of Figure 2 as an alternative
to an  initialization based on a split along a vertical line. 5 Thus, only one
split is used for the solution presented  in Figure 2, while both possible
splits - in horizontal  and vertical direction - are used in parallel for the
solution presented in Figure 6. 10 The initialized local parameters
resulting with the  horizontal split are then used for correcting the object
obtained in step 605 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 object 15 computation is updated. This means that for this
step,  the primary object detections are not taken into account.  If the
current pixel has already been determined to  belong to an object in the
primary computations of step  605, step 612 is simply skipped. So, a
correction is 20 needed only when the background was detected in the
primary computations of step 605. In other words, only  the pixels that had
been set to "white" in step 605 are  possibly corrected. If the binarization
on the orthogonal  direction decides that the current pixel belongs to an 



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
a limited number of  pixels in step 612, the secondary binarization
corresponds exactly to the binarization described with  30 reference to
step 205 for the mentioned case of a  horizontal separation line. It is to be
understood that the basic binarization (steps  604, 605) could also be
performed based on a column-wise WO 2007/012986
PCT/IB2006/052271  29 processing, while a subsequent correction (steps
611,  612) is performed based on a row-wise processing. The resulting
corrected image is then subjected to binary  5 corrections (steps 606, 607,
608) as described above with  reference to steps 206, 207 and 208 of
Figure 2. The presented variation of a binarization in accordance  with the
invention has the additional advantage that the  10 second 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 invention. 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. Moreover, it should be recognized that 35 structures and/or
elements and/or method steps shown WO 2007/012986
PCT/1B2006/052272  30 and/or described in connection with any
disclosed form or  embodiment of the invention may be incorporated in
any  other disclosed or described or suggested form or  embodiment as a
general matte- of design choice. It is 5 the intention, therefore, to be
limited only as indicated  by the scope of the claims appended hereto. 31
1. 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 said  initialized local parameters; and
performing a binarization separately for each of said  semi-images using
said adaptive threshold, wherein said  binarization of said semi-images
results in a binarized  



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  row in said area adjacent to said
vertical line, and wherein  said adaptive threshold is adapted for each
pixel in each  row of each semi-image based on a windowed moving sum
proceeding from an initial sum associated to a respective  row. 3. The
method according to claim 2, further comprising  splitting said image along
a horizontal line into two  further semi-images, initializing further local
parameters,  said further initialized local parameters comprising for  each
column an initial sum of pixel values in an area  adjacent to said horizontal
line, and correcting said  binarized image separately in each of said
further semi- images using said further initialized local parameters. 32  4.
The method according to claim 2, wherein a windowed moving sum which
is determined for a particular pixel is averaged  with a windowed moving
sum which is determined for a pixel  adjacent to said particular pixel,
before said windowed  moving sum is used for calculating an adaptive
threshold for  said particular pixel. 5. The method according to claim 1,
wherein said pixels are  arranged in columns and rows, wherein said
boundary is a  horizontal line, wherein said initialized local parameters
comprise for each column an initial sum of pixel values in  said column in
said area adjacent to said horizontal line,  and wherein said adaptive
threshold is calculated for each  



pixel in each column of each semi-image based on a windowed  moving
sum proceeding from an initial sum associated to a  respective column. 6.
The method according to claim 5, further comprising  splitting said image
along a vertical line into two further  semi-images, initializing further local
parameters, said  further initialized local parameters comprising for each
row  an initial sum of pixel values in an area adjacent to said  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 is
determined for a particular pixel is averaged  with a windowed moving
sum which is determined for a pixel  adjacent to said particular pixel,
before said windowed  moving sum is used for 33  calculating an adaptive
threshold for said particular pixel. 8. The method according to claim 1,
further comprising  computing global parameters for said image, wherein
said  adaptive threshold is calculated for each of said semi- images taking
in addition account said global parameters. 9. The method according to
claim 8, wherein said global  parameters are determined separately for
each of said semi- images. 10. The method according to claim 8, wherein
said initialized  local parameters comprise initial sums of pixel values in
said area adjacent to said boundary, wherein adaptive  thresholds are
calculated for pixels of each semi-image  based on windowed moving
sums of pixel values proceeding  from a respective initial sum, and
wherein an adaptive  



threshold for a particular pixel is determined by applying  the following
operations to a moving sum for the particular  pixel: a division by a
number of pixels considered in said  moving sum to obtain a moving
average; a multiplication with a value of an adjustment function  for said
moving average, wherein said adjustment function  has a decreasing
value in a first range of moving averages,  a constant value in a second
range of moving averages and a  further decreasing value in a third range
of moving averages, said ranges being defined by a first and a second
one of said computed global parameter values; and 34  a multiplication
with third computed global 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
precedingly comprises converting  said color image into a grayscale
image. 12. The method according to claim 1, further comprising applying
binary corrections to said binarized image. 13. The method according to
claim 12, wherein said binary  corrections comprise at least one of a
binary media  filtering and a binary morphological filtering. 14. The method
according to claim 1, in which a parallel  processing is carried out in
accordance with at least one of  the following: - said initializing of local
parameters is carried out in  parallel with a computing of global
parameters for said  image; - within said initializing of local parameters for
an  



image, in which said pixels are arranged in columns and  rows, a separate
initializing of local parameters is  carried out in parallel for respectively at
least two  columns or at least two rows; - said initializing of local
parameters in one direction  is carried out in parallel with an additional
initializing of local parameters in another direction; - within said
binarization a calculation of an adaptive  threshold is carried out in parallel
for each of said  semi-images; and 35  within said binarization for an
image, in which said  pixels are arranged in columns and rows, a separate
calculation of an adaptive threshold is carried out in  parallel for
respectively at least two columns or at  least two rows in a respective one
of said semi-images. 15. An image processing chipset 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  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
adaptive threshold, wherein said adaptive  threshold is calculated for each
of said semi-images  proceeding from local parameters initialized by said
initializing portion. 16. The image processing chipset according to claim
15, further  comprising a global parameter extraction portion configured  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 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-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. 18.
The electronic device according to claim 17, further  comprising a global
parameter extraction portion configured  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 functionality. 20. A computer readable medium
stored with software 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 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 software code further realizes computing global  parameters
for said image, said adaptive threshold being  calculated for each of said
semi-images taking account of  said global parameters also. 


