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Abstract— In this paper a user friendly tool appropriate to get
user feedback for the application of binarization algorithms is
presented. The human feedback is very useful in order to apply
next the algorithm to similar images. The tool supports Image
Selection and Display, Selection of Binarization Algorithm and
Parameter Configuration, Feedback gathering and Creation of
log file for further processing.
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L INTRODUCTION

In the last years, since many systems have reached the
best possible performance that a computer system can have
the interaction with the user intend to improve them further.
In the past, the goal was the system automation. Today, the
scientific community has realized that the combination of
human and computer can produce systems that combine
advantages of both: the human accuracy and the
computational speed. Thus user’s feedback or/and other
intelligent techniques are used in order to improve the results
of a system. This procedure has been used in the fields of
OCR, Document Processing, Information Extraction and
Retrieval, Computer Vision, Natural Language processing,
etc.

In the field of image processing, the CAVIAR model has
been presented [1]. The distinctive aspect of the CAVIAR
technology is a visible, parameterized geometrical model that
serves as the human-computer communication channel.
Automated algorithms segment each unknown picture,
construct a visible model, and extract from the picture of the
unknown object a set of features. The candidates are then
automatically ranked according to the similarity of their
features to those of the unknown picture. These models are
constructed automatically, corrected interactively only when
necessary. If one of the displayed candidates matches the
unknown picture, the user simply clicks on it, thereby
classifying the unknown. If not, the user can adjust the
visible model. The visible model guides the system in feature
extraction. Therefore whenever the visible model is adjusted,
new features are extracted, and all the candidates are
automatically reordered. CAVIAR flower and face
recognition systems show that their accuracy is much higher
than that of the machine alone, while their recognition time
is much lower than that of the human alone.
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As far as it concerns the user’s feedback in the fields of
document and OCR, a description of most of the existing
systems can be found in [2].

Moreover, in [3] a method for accessing the content of
Greek historical documents printed during the 17th and 18th
centuries by searching words directly in digitized documents
based on word spotting, without the use of an optical
character recognition engine. User feedback is used in order
to refine the search procedure. A word retrieval phase aims
to rank the segmented words according to their similarity to
the query word. From the initial ranking the words of the
document that are similar to the synthetic keyword are
obtained. The user selects as input query one or more correct
results from the list produced after the initial word matching
process. Then, a new matching process is initiated. The
segmented words are ranked according to their similarity to
the selected word(s) which, in this case, are not synthetic but
real words of the document’s corpus. The critical impact of
the user feedback in the word spotting process lies upon this
transition from synthetic to real data.

In [4], a framework to design an adaptive OCR system is
proposed. The adaptability lies in the automatic training
sample extraction and clustering with limited user
interaction. The training part consists of three steps: (i)
Template initialization; (ii) Iterative template refinement;
and (iii)) Template combination and labeling. The post-
processed templates are saved into images; the user is
required to prune the templates by browsing these images
and then assigning a Unicode value to each template. This
approach does not require the support of the ground truth text
and a corpus, which is useful for the processing of noisy
document images where most of the characters touch each
other.

In [5], a software framework, BinarizationShop,
combines a series of binarization approaches that have been
tailored to exploit user assistance.

In this paper, a tool appropriate to train binarization
techniques by gathering user feedback is presented. The
system is appropriate to check in detail the performance of a
binarization technique on a specific image. The tool tracks
the user’s reaction and saves the feedback in each repetition
of binarization procedure. The user can afterwards study the
algorithm dependence on the parameters and adapt the most
appropriate for the document image.
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In Section II, the motivation for the tool is explained,
while the tool is fully presented in Section III. In Section IV,

our conclusions are given.

II.  MOTIVATION FOR THE TOOL

preprocessing step in document image analysis
systems.

As concems the parameters of the proposed
algorithm, a medium size window (7=50) provides the
‘mast appropriate salution for detecting the areas with
remaining noise. In addition, the best resulis were
abtained by using £=2. However, in the framework af
cost-sensitive application where the cost of worsening
at least one document image s too high, £ should be

higher to ensure thet only the most. importent areas
would b», selected. Note that in the presented
experiments, for 750 and k3 no document image is
e n:grmv:\y hy the proposed approach.

The evaluation of the praposed approach was based
on 4 humn expert Although subjective, this
‘methodology provides diréct evidence on the quality
improvement of the input dacument images. The
human expert was asked to range the produced images
using o minimal quality seale (better/samefiorse).
Therefore, the provided results can only be viewed us a,
rough estimation of the quality of dacument images. A
more detailed decision scale would provide a better
view on the amount of remaiing backgrownd noise
For example, a multipoint scaleor a Likert scale Gould
e used towards this direction. In addition. opinians
from multiple human experts would strengthen the
evaluation procedure.

*On the other hand, an objective evaluation spproach
would involve off-the-shelf OCR tools for testing the
readability of the noise-free images. This methadology
enables the quamtiative comparison with other

binarization approaches. Towever this evaluation
methad could only be applied to printed documents.
“We plar 1o perform such aemative evalution
procedures in the near future.
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Figure 1. The application of the algorithm [7] to an image of the database

used in [8].

The recent digitization of large collections of documents
has created a necessity for massive binarization of these
documents. Although many algorithms have been proposed
for the document binarization task, the selection of the most
appropriate one or the tuning of the parameters of these
algorithms is not a simple procedure [6].

In fig.1 the application of the algorithm [7], appropriate
for historical documents, is shown applied to an image of the
database used in the contest [8]. Three parameters of the
algorithm can be tuned in order to adapt the algorithm
performance to each document case. By using the database
of the contest [8], those parameters were tuned in order to
give the best result for the specific database. This database
includes entire documents combined with noise of historical
documents.

On the other hand, applying the algorithm with the same
parameters on another database with line images from
Spanish historical documents, the results are not satisfactory
(fig.2a,b). In fig.2c the best result after the parameter tuning
is shown.
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Figure 2.  (a) historical documtn image, (b) binarized image by the
parameters of fig.1, (c) binarized image by retuning theparameters.

$alos pasmeros

On the synthetic database mentioned before, the
parameters can be tuned automatically and objectively by
comparing with the ground truth results, i.e. the original
documents: Two sets of images have been combined by
using image mosaicing techniques. The first set consists of
ten document images in pdf format, including tables,
graphics, columns, and many of the typical elements that can
be found in a document. The second set consists of fifteen
old blank noisy images, taken from a digitized document
archive of the 18th century. These documents include most
kinds of problems that can be met in old documents:
presence of stains, background of big variations and uneven
illumination, etc.

Thus, due to the philosophy of the database, the correct
final color (black or white) of each pixel is known in
advance (pdf files), the performance can be easily evaluated
and the parameters can be tuned.
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Figure 3. A screenshot of the proposed tool.

On the other hand, this is not possible in the case of real

historical collections where the correct color is not known. In
these cases only the human user can give an evaluation of the
result by choosing the best looking result. Although such
feedback is possibly more subjective, it can be very useful
e.g. in the case of massive binarization of large document
collections.

Such collections very often present a homogeneity,
which allows the successful application of any algorithm to
the entire collection, after the tuning of its parameters on just
few documents. This could be easily done using the
proposed tool to gather human feedback.

III. THE PROPOSED TOOL

The proposed tool (fig.3) has been implemented in
Matlab because of the ease of implementation and inclusion

of very complicated, mathematically, algorithms. The tool
supports the functions:

1. Image Selection and Display, including zoom in,
zoom out and panning,

2. Selection of binarization algorithm and parameter
configuration, with dynamic adjustment of each
parameter according to the feedback,

3. Feedback gathering,

4. Creation of a log file for further processing.

These functions are described below in more detail.

A. Image Selection and Dispay

The user can select the image that he wishes to process.
The selected image is displayed all the times on the left side
and the user can zoom in, zoom out and pan in order to
examine the details and provide exact feedback. This can be
very useful when the user wants to examine a binarization
algorithm, because he is not obligated to open and examine



the binarized image with another tool, leading to a waste of
time and effort.

B.  Selection of binarization algorithm and parameter
configuration

The user can select the binarization algorithm he wishes
to use by a pop-up menu (see detail in fig.4). The menu
includes all the algorithms that have been included in the
tool. Moreover the user can change the parameters. This can
be done, either right from the start, if he does not agree with
the default values that appear in the parameter section or at
any time during the successive procedure.

The parameter determination can be done either by
moving the slider, when it is available depending on the
algorithm, or by typing the value. When feedback is
provided by the user, the tool changes the parameters
depending on the feedback, according to the instructions
determined in the tool. However, the user can still change
them as described above.

It is of great importance, the fact that the proposed tool,
offers a dynamic and automatic parameter readjustment,
which can help even an amateur user. Also, the user is able
to notice the changes made, in order to follow the procedure
and change the values accordingly. Moreover, it would be
interesting the integration of a dynamic procedure in order to
readjust the parameter values, providing more intelligent and
dynamically adjustable algorithms for the binarization task.
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Figure 4. Selection of binarization algorithm and parameter configuration.

C. Feedback gathering
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Figure 5.

Feedback gathering.

After the first application of the selected algorithm to the
image, the user can give his feedback as far as it concerns the
results. The user is able to examine the binarized image,
using the features provided by the tool and decide about the
quality of the binarization according to his needs. The
feedback is provided in a user friendly way by a pop-up
menu (fig.5). The user can choose between Yes/Ok,
OverBinarized or Stains/Noise Remain.

OverBinarized selection shows that the selected
binarization algorithm, with the specific parameters, leads to
an image where useful information (i.e. text, words) was lost.
Stains/Noise Remain choice means that, stains or noise
remain in the binarized image and the binarization procedure
should me tougher.

In the last two cases the tool will suggest new values for
the parameters according to the instructions that have been
given during the inclusion of the algorithm in the tool. The
new values proposed from the tool according to the
feedback, are calculated in relation to the previous ones
rather than by reducing or increasing them by a constant
value. The user can either accept them or determine other
parameter values. In any case the re-application of the
algorithm will be done on the original image.

It should be noted that there is no limit in the number of
times that this procedure can be repeated.

D. Creation of log file

Every time that the user pushes the Binarize button
(fig.3), the selected binarization algorithm is applied to the
original image with the last determined parameter values and
a new entry is added in the log file (fig.6). It includes the
name of the image, the selected algorithm, the rank of the
trial, the values of the current parameters and the feedback
that was provided by the user for the specific parameters.

The log file is formatted as Comma Separated Value
(CSV) in order to make easier further processing of the data.
Assuming that the user can use a CSV parser, or a similar
tool, he can make conclusions about the appropriate values
for the parameters of the algorithm and the changes needed
to be done.

IV. CONCLUSION

In this paper a novel tool appropriate for getting user
feedback for the application of binarization algorithms is
presented. The binarization procedure, is necessary in many
tasks of image processing e.g. medical images, document
image processing, OCR, etc.

Many binarization algorithms of general or specific
purpose have been proposed. However, the selection of the
appropriate algorithm has been proved a difficult task.
Moreover, many of the existing algorithms need their
parameters to be determined in order to succeed the best
result on a specific image or set of images. As in many cases
the best result is not predetermined, the human feedback is
very useful in order to apply next the algorithm to similar
images.
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Figure 6.

The proposed tool provides a user friendly interface for
applying a selected algorithm, and setting its parameters.
Furthermore, the user can employ the features provided by
the tool, in order to closely examine the resulting image. The
tool also gets the user feedback and makes readjustments to
the parameters accordingly, while keeping a log file for later
examination and statistical study.

As future work, an easier procedure for the inclusion of
new algorithms is planned, as well as the introduction of
more tools that will secure more exact feedback and the
automatic binarization of a document image set after the
parameter tuning of a specific algorithm. As soon it is ready,
the tool with example images, will be available online to the
research community.
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