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Abstract: Bitonal conversion is a basic preprocessing step in Automatic Content Analysis, a very active
research area in the past years. The information retrieval process is performed usually on black and white
documents in order to increase efficiency and use simplified investigation techniques. This paper presents a
number of new modern conversion algorithms which are aimed at becoming an alternative to current
approaches used in the industry. The proposed methods are suitable for both scanned images and documents in
electronic format. Firstly, an algorithm consisting of a contrast enhancement step, followed by a conversion
based on adaptive levelling of the document is presented. Then a new multi-threshold technique is suggested as
a solution for noise interferences, a common feature of scanned books and newspapers. Finally, three more
approaches adapted to the particular properties of electronic documents are introduced. Experimental results are
given in order to verify the effectiveness of the proposed algorithms.
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1 Introduction intensity of a pixel with its original value.
The attention paid to automatic content analysis has ~ The scanning process, as well as the degradation
been increasing lately due to the need of both in time of old papers, generates a large quantity of
converting old documents to digital media and noise elemejnFs Whl(.:h hinders most of Qata gnalysis.
acquiring useful and on-time information in Hence, avoiding noise as much as possible is one of
electronic and searchable format. the most important tasks during black and white
The goal is to develop faster and better methods conversion. The goal is to manage to differentiate
for information retrieval and classification. between relevant and irrelevant data as safely as
Extraction of graphical and textual data has proven possible, enhgncin.g analysis and. avoiding loss of
to be a difficult task because of variations in layout, any information in the mean time. The second

algorithm proposed in this paper is a conversion
method which is aimed at reducing noise. The
results from several masks, obtained by using safe
thresholds, are combined in order to detect noise

orientation, size, input form (binary, grayscale and
color) and quality of scanned documents. In order to
cope with all this problems, most of the current
techniques require image binarization before the

actual features extraction. This methodology elements and remove them from the bitonal output.
reduces the computational load and enables the use We cal'l a safe thr eshold any color thresholdlpg
of simplified methods of analysis. The general conversion method which outputs the lowest noise
context of a document. as well as the local one ratio possible, even if some document information is
contains relevant information that can lead to lost in the process.

The most popular types of binarization methods

correct classification of pixels as belonging to the ) : AatlOn
currently is use are: error dispersion in 1D/2D

foreground or to the background. In this view, we

propose an algorithm which solves the global issues d.omai.n (Floyd Steinberg), threshold [5] and .cell-
of a document by contrast preprocessing before the dithering based (Order/Half Tone) [6] conversions.
actual binarization. This method allows the The main drawback of using these approaches is the
algorithm to focus on the local details in the later fact that they are aimed at general-use applications
stages. Gaussian blur is used to detect the and cannot be mapped to the specific characteristics
foreground pixels by comparing the blurred of documents used for Automatic Content Analysis.
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For example, threshold-based conversions
usually fail to reach accurate result because of the
fact that a single global threshold for an entire
document cannot be computed. The variable
illumination as well as the depreciation in time of
some parts of an image demand for an adaptive
approach (which in the following proposed
algorithms is solved using either Gaussian blur
effect or resampling).

Cell-dithering-based conversions tent to generate
irregular contours. This kind of undesired quality
attributes cause errors during the measurements of
geometric characteristics of text entities. Apart from
that, OCR algorithms usually fail dramatically in
these cases, as conversion results do not follow
exactly letters’ contours.

Taking into consideration the error-dispersion
algorithms, the main problem that baffles document
analysis is the presence of dithering fields. Entire
areas inside the image are filled with singular pixels
of small groups of interconnected pixels, which are
constantly distributed in space in order to mimic
shades of grey. This fact, although very interesting
in the case of artistic pictures for example, is
undesired for automatic analysis because the goal is
to detect a correct number of entities, each with a
firm contour.

Apart from having their individual limitations,
all this techniques are not addressing critical issues
specific to electronic documents (e.g. detecting text
inside images or uneven background, converting
areas where both the text and background is multi-
coloured, etc.). Hence, these approaches are not a
viable solution for such conversions. In this view,
we propose three new methods which are aimed at
solving some of the problems areas on which the
actual methods fail.

All of the proposed algorithms work for both
grayscale to black and white and color to black and
white conversions and are meant to be an alternative
to the methods currently used in the field of content
analysis and document digitization. In the following,
all the color intensities for each color channel are
considered normalized in the range [0, 1].

2 Document Binarization Using

Contrast Preprocessing

Because it means reshaping the tonal foundation of
an image, black and white conversion is considered
a radical transformation. A variety of solutions have
been developed and experts in the domain still
debate which one is the best. The bottom idea is that
every conversion method works reasonably well on
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some set of input documents, but finding the method
that generates the best results depends on the desired
output and the set of images to be converted.

Having all of the above in mind, the first
proposed  conversion algorithm takes into
consideration the particular characteristics of old
scanned documents and tries to yield the best
possible output. The main problems encountered
during the conversion of such documents are:
brightness  variations (caused by document
degradation or poor scanner quality) and low
contrast ratios. Most of the scanned images are
obtained using automatic scanning devices and
because of poor calibration there might be large
fluctuations of light between parts of a document.
As a result, finding conversion threshold levels is a
very difficult task. An adaptive local approach is
needed in such cases, as any global algorithms will
most probable fail for some areas of the input
picture.

As its name states, document binarization using
contrast preprocessing is a two-step process which
tries to solve the problem of conversion by first
emphasizing the discrimination between foreground
and background and then applying a local
conversion algorithm.

2.1 Auto-stretch Contrast Preprocessing
The contrast is the measure of the difference in
brightness between light and dark areas of a
document. In the field of content analysis, the main
issues that must be taken into consideration
regarding this property of a document are: spatial
variation (as a result of both subject matter and
lighting) and the histogram shape. The goal is to
have broad-shaped histograms which reflect a large
gap between the background texture of the
document and the actual content.

The auto-stretch contrast method that we propose
is an 1image processing technique used for
preparation of input documents before further black
and white conversion. The algorithm works both for
grayscale (8 bits per pixel) and color (24 bits per
pixel) documents and the output is a similar image
with the original, but with another contrast ratio.
This initial stage of the conversion increases the
contrast between the text and the background of a
picture, ensuring a more relevant input for the actual
conversion step.

The proposed algorithm is performed using two
successive iterations through the input document:
the first one for computing the stretch bounds and
the second one for performing the actual contrast
stretch.
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For computing the stretch bounds, the
histogram(s) of the input image are produced. In the
case of color images, three individual histograms
(one for each color channel) are considered whereas
for gray scale images only one. A horizontal
threshold level is applied to the previously
computed histograms in order to separate the scarce
intensity tones to the common ones. The longest
horizontal segment cutting the histogram at this
threshold level is appreciated and its bounds are
used as references for the actual contrast stretch.

)
TN ||t|”|H‘| |

Fig. 1 Automatic contrast stretch histogram (a) input
histogram (b) output histogram

If any color index is missing from the histogram,
a triangular filter is applied repeatedly (before the
longest segment estimation) until all the color
values have a corresponding representation in the
histogram.

1(x,y)—1End

I =

o= nd—1End o
where: I’(x,y) is the new intensity level for the
individual channel; I’(x,y) is the original intensity
level, [End and rEnd are the histogram-based
contrast stretch bounds.

For grayscale images the values of the stretch
bounds are the endpoints of the longest segment at
the threshold level in the histogram. For color
documents:

rEnd = min(rREnd ,rGEnd ,rBEnd)
lEnd = max(IREnd,IGEnd,IBEnd) 3)

where rXEnd, [XEnd are the corresponding
histogram-based endpoints for the X color channel
(X — R(ed)/G(reen)/B(lue)).

2
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2.1.1 Experimental Results

For testing purposes, we have used over 1000
scanned documents of old books and newspapers
from the “British Library” and a histogram
threshold level of 5%. Based on these experiments,
a set of advantages and disadvantages of this
contrast processing method have been noticed.
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Fig. 2 Effect of contrast preprocessing apphed ona
scanned document

Firstly, the main advantage of this algorithm is
that is can be applied with success on any document,
regardless of the color depth. Secondly, the method
does not generate a contrast equalization of the input
document, but just increases the contrast ratio
between the background and the foreground. This
means that if an effective black and white
conversion is desired, this stage must be followed
by a local conversion approach and not a global one.
Finally, taking into consideration the effectiveness
of the algorithm compared to the cost of it in time,
we can conclude that for pictures that have
acceptable contrast ratio this step might not be
needed, as the increase in precision of the
conversion might not compensate for the time
consumed by the preprocessing stage.

The size of the documents is also an important
issue to be considered when using this conversion
technique, as the algorithm’s time performance is
directly proportional with the dimensions of the
input.
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2.2 Black and White Conversion Using
Gaussian Blur Effect

The second step of the proposed document
binarization process consists of a black and white
conversion based on the Gaussian blur effect [8]. A
threshold will be applied to the difference between
the image obtained after the auto-stretch contrast
preprocessing and a Gaussian blur version of this
intermediary document:

B(x,y) = ((I(x,y) =1 ;5(x,y))/24+0.5) > th (4)

where B(x, y) is the binary output value for the pixel
having the coordinates (X, y), I'(x, y) is the pixel
value obtained during preprocessing (1), Igp is the
Gaussian blur pixel value and th is the decision
threshold used to ensure a “safe-distance” from the
Gaussian value to switch “safely” between black
and white colors.

The visual effect of the blurring technique is a
smoothness of the document, resembling that of
viewing the image through a translucent screen.
Hence, the basic idea behind using this approach is
that areas in the image which belong to the
background will have intensity values below the
blur value, whereas the pixels belonging to the
foreground will most probably have intensity values
above it. This is the effect of the convolution
between the original image and the Gaussian kernel,
which yields a new image where the intensity in
each pixel depends on the intensity of all pixels in a
neighborhood of his.

The Gaussian Blur’s linearly separable property
is used in order to divide the process into two
passes. In the first pass, a one-dimensional kernel is
used to blur the image in only the horizontal or
vertical direction. In the second pass, another one-
dimensional kernel is used to blur in the remaining
direction. The resulting effect is the same as
convolving with a two-dimensional kernel in a
single pass, but requires fewer calculations. When
converting the Gaussian’s continuous values into the
discrete values needed for a kernel, the sum of the
values will be less than 1. This will cause a
darkening of the image. To remedy this, each
discrete value is divided by the sum of all values.

2.2.1 Experimental Results

For the evaluation part of this algorithm, a set of
600 different scanned documents have been used.
The results of the algorithm have been tested for
precision and level of noise against standard
methods used for decreasing color depth. Each
document was rated 1-10 for the noise level and 1-
10 for the precision of the conversion. The two
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scores were added to obtain the final score for each
test. If one of the two marks were less than 3 the test
was marked as unacceptable and obtained a 0 points
final score.
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me Justice : for, thongh he never Lked me, ke was s
Fush, slow-judgimg man, who would not have heen ron
away with by the hurry of popular prejudive. T had
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Fig. 3 Low-contrast document binarization without
contrast preprocessing

The results of the previously introduced
conversion method have been comparable with
standard algorithms in 38% of the cases. For 15% of
the input documents, at least one standard method
obtained a better score than the proposed technique,
while for the rest of 47% document binarization
using contrast processing was the most precise
conversion method.

Accuracy of results

m Comparable
Better

m Woaorse

Fig. 4 Comparison vs. standard algorithm
During the experiments it was noticed that the

proposed algorithm obtained constant high marks
for all kind of different documents, managing to
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solve both noise, low-contrast and backside image
showing problems. A constant threshold level of
0.43 was used during the experiments and a blur
ratio of 1.5% from the sum between the height and
the width of the document.

Improvements could be made in the future by
finding a method of computing the radius size and
threshold level based on document properties.

2.2.2 Resampling Alternative

In order to increase the speed of the algorithm, a test
aimed at replacing the Gaussian blur with a
resampling [9] transformation has been conducted.
Comparable results have been obtained by using a
downsampling followed by upsampling technique.

a) b)

Fig. 6 Resampling technique (a) initial picture (b)
Downsampled image (c) Upsampled image (d) Final
result

This method is based on image interpolation in
two directions, trying each time to achieve a best
approximation of a pixel's color and intensity based
on the values at surrounding pixels. The image loses
some quality both during downsampling and
upsampling stages and hence the final result will be
a corrupted document which resembles a blur effect.

The size of the input document was decreased
until 4K primary color zones were obtained. It was
noticed that an equalization effect was generated
after the upsampling step, which can be of use both
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as a preprocessing before binarization or a post-
processing aimed at image export. The following
interpolation modes have been used: Lanczos,
Hermite, Triangle, Mitchell, Bell and B-Spline. All
of these algorithms are non-adaptive, which means
they treat all pixels as equally, no matter on what
the interpolation is conducted (sharp edges, smooth
texture etc.). As a result, aliasing (jagged diagonal
edges) cannot be avoided; this is the main drawback
in using the resampling technique. A few anti-
aliasing approaches have been considered as well,
but the computational load was affecting the
efficiency of the algorithm way too much.

{1—|z|, l7l<1
T(t)=

0, otherwise
Triangle Interpolation

_///; \\X
0
0.75-¢t*, 1tl<0.5
B(1)=:0.5*%(t—1.5)%, 0.5<1tk1.5
0, otherwise
Bell Interpolation
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/%3 _ 2,2
A*t T+ 3 [rl<1
Bs(t) = %*(2—& 1<t1<?2

0, otherwise

B-Spline Interpolation

Q*t=3)** +1, Itkl

0, otherwise

H(1) = {
Hermite Interpolation
Fig. 5 Graphical representation of some

interpolation filters

Obviously, the more you know about the
surrounding pixels, the better the interpolation
becomes. Even though, it was noticed that results
quickly deteriorate the more the image was
stretched and hence caution must be taken when
trying to find a compromise between the final
smoothness ratio and execution time.
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Considering all the tested algorithms, B-Spline
has proved to generate the best results (closest to the
blur effect) for single-mode interpolation - both the
upsampling and downsampling is performed using
the same filter.

.-"'{-/.-_-\\-\.
B N
0
T/ %3 _9%42,9
% T =2%t" + 3 [t

M(t) = —%8*t3+%*t2—%t+1%, 1<tk 2

0, otherwise

Mitchell Interpolation

t
sinc(t) *sinc(—), ltlka
L(r) = a
0, otherwise

Lanczos Interpolation
Fig. 7 Recommended upsampling interpolation
filters

If the two stages of the resampling process are

split we can consider a combination of two different
filters in order to increase the accuracy of the
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results. In this case Lanczos and especially Mitchell
(see Fig. 7) are recommended for the downsampling
process. These two filters tend to emphasize the
sharpness of the image due to their shape (similar to
an edge-detection filter). As a result, on large areas
an increase in the precision of the details-
positioning is noticed at the passing between black
and white pixels.

For the upsampling case, the two previously
described filters can also be a viable solution. Even
though, the goal is to obtain more of a “cloud
effect” for the blurred neighborhoods and hence the
sharp edges generated by both Mitchell and Lanczos
can be harmful to the final visual perception.

Being bell-shaped filters B-Spline and Bell (see
Fig. 5) are the recommended solutions in the case
of downsampling, as the smoothness effect that they
generate resembles a blur transformation quite
accurate.

2.3 Partial Conclusions

Document digitization using contrast preprocessing
tries to be a viable solution for black and white
conversion in the field of document content
analysis.

@
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Fig. 8 Comparison between binarization methods
(see Fig. 3 for input document)
(a) Proposed technique
(b) Standard threshold
(c) Halftone-Cell Dithering
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The proposed technique focuses on problems that
are most common in scanned images representing
old books and newspapers, but can be successfully
applied on other documents as well.

Future improvements can be made by adding
other preprocessing steps or replacing the contrast
stretch with a more efficient method. In addition to
this, increasing the speed of the algorithm can be
taken into consideration as the performance of this
procedure is not very high, especially because of the
time-consuming Gaussian blur stage. The smaller
the Gaussian function radius we choose, the faster
the algorithm will be, but a value too small
considered for this parameter will lead to a high-
noise sensitivity of the conversion and increasingly
poor results.

3 Noise-free Binarization Using ‘‘safe

masks”

It is well known that noise is one of the main causes
of failure in OCR algorithms [7]. Since most of the
state-of-the-art page segmentation algorithms
report textual noise regions as text-zones, the
OCR accuracy decreases in the presence of
textual noise (OCR system usually outputs
several extra characters in these regions).
Removing such entities can thus help increasing
the OCR accuracy.

The following proposed algorithm is a multi-
stage binarization technique which is proper for
conversions where the noise aspect is very sensitive.
This includes both documents which have large
background variations and regular images on which
text extraction must be very precise.

There are four different masks which are used
simultaneously in order to obtain the final binary
output. We call a mask a simple threshold-based
conversion method used in this case as an
intermediary black and white transformation. The
parameters of all four masks are considered as
“safe”, which means that their output contains the
least amount of noise possible, no matter the loss of
relevant information from the original document.
The basic idea behind this technique is that each
foreground pixel will be detected eventually by at
least one of the masks. Hence, the final bitonal
image will contain all foreground areas, even though
each individual mask misclassifies a series of points.

The considered masks are the following: a
threshold applied to the grayscale transformation of
the image; a threshold applied to the K component
of the CMYK color model; a threshold applied to
each component of the RGB color model using the
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minimum average intensity of the three color RGB
channels and a variable threshold applied computed
based on the hue of the document.

3.1 Algorithm outline

The algorithm starts by first computing each
individual mask. Then the least accurate of these
intermediary conversions is determined, along with
the superposed conversion containing the sum of all
other masks.

Lasiisl wouiiaie sk

Huperposed converslong
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Fig. 9 Object reconstruction starting from least
accurate mask
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The least accurate conversion is considered the
one with the least black vs. white pixel ratio. During
this o stage, an additional threshold of 50% from the
most effective mask (the one with the greatest ratio)
is considered in order to rule out erroneous
intermediary conversions. By this we mean
conversions that might have detected only a very
small number of black pixels, as a result of
particular features of the input document. Due to the
large number of masks used, this method is robust
and can be applied successfully on a large variety of
documents  without readjusting its internal
parameters.

Finally, starting from the least accurate mask,
undetected foreground pixels are added recursively
to it, provided that they are detected in one of the
other masks (are present in the superposed
conversion) and are neighboring a foreground pixel
in the current intermediary image (see Fig. 9). The
final conversion is obtained when no more pixels
can be added to the intermediary image.

The basic idea behind this technique is
foreground reconstruction. Starting from an initial
conversion which is not very accurate, the algorithm
is able to regenerate all entities. The fact that the
starting point is one of very low accuracy is an
advantage due to the fact that a large amount noise
is undetected and as a result is not taken into
consideration further.

3.2 Experimental Results

Several experimental tests have been conducted
using the proposed noise-free conversion method. A
set of 500 scanned old documents were evaluated
and some safe threshold levels have been
determined.

Comparisons were made with both global and
adaptive-local conversion techniques. It was noticed
that the new method reduces considerably the
amount of noise in the conversion because of two
reasons. Firstly, some level of noise was eliminated
from all masks due to the “safe” characteristic of
them. Apart from that, other noise entities were
excluded from the output because no pixel from
such an entity was detected by the least accurate
mask and hence the entity could not be restored.

A number of causes that lead to the failure of the
proposed binarization algorithm have been detected
as well and are subject of future improvements. This
includes missing characters or parts of characters
(because detection failed in all of the considered
masks) and failure to eliminate large noise elements
(at least one pixel from such entities was signaled in
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the least accurate mask and lead to their entire
reconstruction).

The execution time is an important feature that
must be taken into consideration when choosing this
conversion method; despite the fact that this
approach looks simple, a large number of operations
are necessary before the final result is reached.
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Fig. 10 Conversion results for (a) noise-free technique
(b) standard thresholding technique

4 Binarization of Electronic

Documents

In the case of electronic documents (like PDFs and
online newspapers) the focus of attention during the
binarization process is shifted from aspects like
contrast or noise to translating the colour
combinations of texts, images and backgrounds into
a meaningful black and white version. To this goal
three different approaches for black and white
transformation of electronic documents have been
tried.

The first method is the “outside-in” local
technique. This algorithm starts from the outer white
background and decides to convert everything
which neighbours it black; then everything that
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neighbours the previously detected area is set to
white and so on until the whole document is
processed. This approach works better than the
threshold-based  global ones, avoiding the
disappearance of letters printed with colours that are
scarce in the picture. Apart from that, using this
technique cancels the risk of errors generated by the
same colour playing both the role of background
and foreground in different parts of the document.
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Fig. 11 Conversion Results a) Input b) ”Alternate-colour”
method c) ”Outside-in” method d) “Edge-detection”
method

The “alternate colours” approach is also a local
conversion method which tries to solve the
binarization decision using horizontal scan lines.
This iterative process takes each pixel at a time (on
each individual horizontal line in the input
document) and decides its final value based on the
previous made decisions. Conversion to white or
black is alternated each time a colour shift occurs.
Whenever a white or black pixel is encountered in
the original document, the output colour is
automatically set to that value, no matter the
alternation rule. This algorithm manages to solve
some cases in which the “outside-in” method would
fail, like bi-coloured areas in which the background
and foreground are combinations of two distinct
colours. A threshold is used in order decide when a
colour shift has occurred and output colour must be
changed.

The third and final proposed method is an edge-
detection based technique. This algorithm uses a
threshold in order to decide if a pixel is part of an
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edge between foreground and background or not. In
this way, the problems resulting from background
variations can be reduced by adjusting the threshold.
Research is still carried out in order to find a way to
decide which of the detected contours are belonging
to foreground and how they could be filled up with
black pixels in order to generate a more relevant
conversion.

4 Final Conclusions

Due to the increasing interest in document content
conversion, there is the need of new image
binarization methods that can cope with problem
areas from a large variety of documents. The new
approaches that have been proposed try to solve
problems like: low contrast ratio, noise, backside
image showing and electronic document conversion.

Document binarization using contrast
preprocessing focuses the attention on performing a
preparation of the image before the actual
conversion. By stretching the contrast of the input
document, a larger gap between background and
foreground data is created and, as a result, the
probability of success of a local threshold-based
conversion is increased. The method is robust to
lighting variations and backside image showing
since the Gaussian blur effect removes fine image
details and noise.

This paper also introduces a new method for
noise-free conversions. The algorithm tries to
basically reconstruct the conversion from a series of
puzzle pieces (the so-called “masks” used in the
algorithm).

Finally, three new approaches aimed at
conversion of modern digital documents have been
presented. Test cases have shown that all methods
manage to reach their goals to some extent, are easy
to implement and some of them might also be used
in domains which are outside their designated area
of interest. Further research must be conducted in
order to improve current methods, as well as
develop new techniques that can cope with all the
challenges of document analysis (especially in the
case of electronic documents).
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