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ADAPTIVE DOCUMENT IMAGE BINARIZATION WITH

APPLICATION IN PROCESSING ASTRONOMICAL

LOGBOOKS∗

Lasko Laskov

Abstract. Recently, the digitalization of the astronomical scientific her-
itage has been considered an important task that can facilitate much re-
searches in astronomy. The creation of digital libraries and databases of
astronomical photographic plates brings up the problem of digitalization as-
tronomical logbooks , since the data contained in them is crucial for the
usage of the plates . An optical character recognition (OCR) system for the
handwritten numerical data is needed in order to speed up the process of
database creation and extension.

In this paper document image binarization is considered since it is a
critical stage for the subsequent steps in an OCR software system. A specific
method is proposed which outmatches the state-of-the-art techniques in the
case of the images of interest.
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1. Introduction. During the last few decades the digitalization of
cultural and scientific heritage has become an important and challenging task
with application in many scientific fields. The development of digital databases
and libraries of various content has improved the accessibility, distribution and
usage of data sources, previously accessible only by few specialists. Such digital
libraries are also being developed in the field of astronomy, such as the database
of scanned astronomical photographic plates [9], which are a priceless source of
information for much research.

The digitalization of astronomical photographic plates involves two basic
steps:

• digitalization of the plate itself;

• digitalization of the accompanying meta-data, usually contained in a hand-
written logbook.

It is important to note that the photographic plate itself cannot be used in
a digital database efficiently without the meta-data contained in the astronomical
logbooks. Since the digitalization of a plate to produce a digital image involves
mainly scanning, the step which slows down the process is the digitalization of
astronomical logbooks, which currently is performed manually. This implies that
if a software system for digitalization of automatical logbook content is developed,
the whole process of astronomical plate database development and enrichment is
going to be vastly accelerated.

The meta-data contained in the logbooks includes the number of the plate,
date and time of image acquisition, celestial coordinates of the centre of the plate,
etc., where all these elements are represented by handwritten digits (see Fig. 1).
Hence, the software system that can speed up the process of logbook digitalization
is OCR (optical character recognition) of the handwritten digits contained in the
logbooks.

Document image binarization is an important preprocessing step to docu-
ment image analysis and recognition. Also, it can be considered as a critical stage
in OCR software systems since the result of the subsequent steps is highly de-
pendent on its effectiveness. This is the reason why document image binarization
has been a subject of extensive research during the last decades [8]. Nevertheless
it can be considered as a solved problem in the case of document images with
good quality (uniform illumination, absence of noise due to both data source
degradation and image acquisition, etc.), it is still an open question in the case
of images of degraded, old, or even historical documents.
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Fig. 1. A fragment of an astronomical logbook containing photographic plate meta-data.
The image is a part of the Harvard University collection, published on their web-page

http://tdc-www.cfa.harvard.edu/plates/a/logs/

Given a grey-scale image with pixel values usually in the integer range
[0, 255] and assuming that the image contains two types of pixels (background
and object), binarization can be viewed as the process of assigning of each pixel
one of the two labels, 0 for background and 1 for object pixel. Basically there are
two broad types of binarization algorithms: global [6], [4] and locally adaptive
[1], [2], [3]. Global methods are usually based on the global characteristics of the
entire input image and they apply a global threshold which divides the pixels in
to object and background pixels according to their value. These algorithms are
relatively fast and can produce satisfactory results, provided that the input image
is of good quality. On the other hand, if this condition is not satisfied, usually
the global approaches fail to separate the object from the background pixels (see
Fig. 4(b) and Fig. 5(c)). In this case locally adaptive methods tend to produce
better results and to overcome the difficulties which follow from the low quality
of the input images.

The locally adaptive methods for image binarization are based on the
local characteristics of the neighborhood of each pixel or image parts. The size
of the filter structuring element can be predefined according to some criterion
as in the case of [7], where the filter size depends on the width of the objects
of interest. Another approach is to determine the size of the sub-images being
processed dynamically during the execution of the algorithm, for example as in
the case of the variable thresholding using locally Otsu’s method, as described in
[3], Chapter 10, Section: Image partitioning. The locally adaptive methods have
proved to be more efficient than the global ones if the input images are of bad
quality, as is in the case of the examined astronomical logbooks.
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In this paper a specific locally adaptive method for document image bina-
rization is proposed, which outmatches the state-of-the-art techniques in the case
of processing astronomical logbooks. The method is based on horizontal and ver-
tical one-dimensional filters which are combined to extract the two-dimensional
characteristics of the local neighborhood of each pixel. This paper is organized
as follows: in Section 2 two locally adaptive methods which are the basis of the
proposed algorithm are described; Section 3 contains a detailed description of
the proposed algorithm; Section 4 is dedicated to the experimental results; and
finally, in Section 6 the conclusions and some directions for future work are given.

2. Related work. In this section two methods are discussed which
are used as the basis of the algorithm described in Section 3. The first one is
proposed by Gonzalez in [3], Chapter 10, Section: Using moving averages. The
method is based on one-dimensional mean filter which is moving along the scan
lines of the image in a zigzag pattern (see Fig. 2: (a) initial state of the filtering
process, where the values outside the image boundaries are considered zeroes; (b)
the filter moves rightwards along the image scan line; (c) when the right boundary
of the image is reached, the filter turns on the next scan line starting from its
last pixel; (d) the filter continues to move leftwards; (e) when the filter reaches
the left boundary, it turns on the next scan line starting from its first pixel.

Since the image is scanned only once this method is fast and it is partic-
ularly efficient for document image processing.

On each step of the filtering process, the method calculates the local mean
µ of the intensity values within the range of the filter and calculates a threshold
t for the pixel which lies under the first element of the filter. Let us denote the
input image with I and the intensity level at step k of the image scan with I(k).
The local mean at step (k + 1) is given by:

(1)
µ(k + 1) =

1

n

k+1
∑

i=k+2−n

I(i)

= µ(k) +
1

n
(I(k + 1) − I(k − n))

where n is the filter window size which depends on the average stroke width. The
values outside the image boundaries are considered zeroes. Then for each pixel a
local threshold is calculated using:

(2) t(k) = sµ(k),
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(a) (b) (c)

(d) (e)

Fig. 2. The pixels of the image as squares and the structuring element of the one-
dimensional filter as circles, where the blackened circle is the element of the filter, which

lies on the pixel currently processed

where s is a scaling coefficient, s ∈ (0, 1].

The second method discussed in this section is the one proposed by
Sauvola and Pietikäinen in [7]. In this approach not only the local mean µ is
considered, but also the standard deviation σ and its dynamic range R:

(3) t(x, y) = µ(x, y)

[

1 + s

(

σ(x, y)

R
− 1

)]

.

In (3) the local mean µ(x, y) and local standard deviation σ(x, y) are accumulated
in a two-dimensional neighborhood of the pixel with coordinates (x, y). The size
of the neighborhood depends on the average stroke width. The dynamic range of
the standard deviation is fixed to the constant R = 128 and s ∈ (0, 1] is a scaling
coefficient. This method has proved to be efficient in locally adaptive binarization
of textual image areas which have close grey-scale values of the background and
object pixels.

3. The proposed algorithm. The proposed approach combines the
effectiveness of the implementation of (1) and robustness of (3) in the case of close
grey-scale values of background and object pixels. The algorithm is composed by
two binarization scans of the image: horizontal and vertical scan. It incorporates
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a filtering step which removes the line-wise noise caused by the fact that the
structuring element is one-dimensional. Finally the results of the horizontal and
vertical scans are combined using a logical disjunction operation to produce the
final binary image.

The horizontal scan is performed as shown in Fig. 2. On each step of
the image scan the local mean is calculated using (1). Also, the dispersion is
calculated by:
(4)

σ2(k + 1) =
1

n

k+1
∑

i=k+−n

(I(i) − µ(i))2

= σ2(k) +
1

n

[

(I(k + 1) − µ(k + 1))2 − (I(k − n) − µ(k − n))2
]

and the standard deviation σ is calculated from it. For each pixel, the local
threshold is calculated using (3), but in this case the local statistics µ and σ are
accumulated in one dimension of the image, depending on the filter window size
n. The result of this stage is a binary image Bh.

The vertical scan is actually the horizontal scan of the rotated input image
by 90◦. After the horizontal scan of the rotated image is performed the output
is rotated back to its initial position and the result is a binary image Bv.

(a) (b)

Fig. 3. The same fragment of a logbook image (a) without line-wise nose removal;
(b) with line-wise noise filter applied to both Bh and Bv

After performing the horizontal and vertical scans, a simple procedure is
applied to both binary images which removes the line-wise noise. This procedure
simply checks each black pixel in an image, and if both its upper and lower neigh-
bors are white, the pixel is transformed to white. On Fig. 3 an example is given
with the same fragment of a logbook image, where Fig. 3(a) is produced with-
out filtering and Fig. 3(b) is the result of the algorithm with line-noise filtering
incorporated.

The last step of the proposed method is the combination of the two binary
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images using the logical disjunction operation for each pixel:

(5) B(x, y) = Bh(x, y) ∨ Bv(x, y), x = 0, 1, . . . ,M − 1, y = 0, 1, . . . , N − 1,

where M is the number of rows and N is the number of columns of the input
image I.

(a) (b) (c)

(d) (e) (f)

Fig. 4. A fragment of a logbook (a) processed with: (b) Otsu’s global method; (c) Otsu’s
local method based on image partitioning; (d) moving averages, n = 20, s = 0.95;
(e) Sauvola’s method, 9 × 9 structuring element, R = 128, s = 0.05; (f) the proposed

algorithm, n = 20, R = 128, s = 0.05

4. Experimental results. Two types of experiments were conducted
in order to evaluate the effectiveness of the proposed method: (i) on a broad
set of astronomical logbooks and (ii) on synthetic data which allows to calcu-
late the recall, precision and F1 performance evaluation measures defined in [5].
Also, a comparison with the following state-of-the-art binarization techniques was
made: Otsu’s global method [6], Otsu’s locally adaptive method based on image
partitioning, moving averages [3] and Sauvola’s method [7].

On Fig. 4, a fragment of a logbook is given, processed by the four state-
of-the art methods and by the proposed algorithm. The evaluation of the results
in this case can be strictly subjective since no ground true data is available. It is
obvious that the global Otsu’s method in Fig. 4(b) and its locally adaptive version
in Fig. 4(c) does not produce good results with the images of interest. Much
better results are produced with the moving averages’ Fig. 4(d), even though
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line-wise noise is present. Sauvola’s method given in Fig. 4(e) produces better
results than all the standard algorithms but it produces slightly more noise pixels
than the proposed method in Fig. 4(f), which also gives better character stroke
connectivity. It is important to note that the computational complexity of the
proposed algorithm is much less than the implementation of the Sauvola’s method
since it is based on a combination of one-dimensional filters on the input image.

(a) (b) (c)

(d) (e) (f)

(g)

Fig. 5. A synthetic image (a) degraded with gradient and Gaussian noise image
(b) processed with: (c) Otsu’s global method; (d) Otsu’s local method based on im-
age partitioning; (e) moving averages, n = 20, s = 0.6; (f) Sauvola’s method, 9 × 9
structuring element, R = 128, s = 0.5; (g) the proposed algorithm, n = 20, R = 128,

s = 0.5

In Fig. 5 the experiment with synthetic data is given. The ground true
image Fig. 5(a) is artificially degraded, Fig. 5(b), with gradient noise to simulate
non uniform illumination and also Gaussian noise is added in order to simulate
the low quality of the astronomical logbooks images.

Fig. 5(c) shows the result of Otsu’s global method, which produces pre-
cision 0.181, recall 0.989 and F1 measure 0.307. The performance evaluation
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measures show that many of the background pixels are recognized as object pix-
els by this method.

In Fig. 5(d) the result of the locally adaptive application of Otsu’s method
is given, which produces precision 0.998, recall 0.537 and F1 measure 0.699. The
result is much better then the global Otsu’s method, but much of the object
pixels are recognized as background pixels.

Fig. 5(e) contains the result of the moving averages algorithm. It produces
precision 0.985, recall 0.610 and F1 measure 0.754. In this experiment this is the
standard method which produces results, even better then Sauvola’s algorithm
in Fig. 5(f) which has precision 0.818, recall 0.587 and F1 measure 0.683.

In Fig. 5(g) the result produced by the proposed method is given. In this
case the performance evaluation measures are: precision 0.998, recall 0.735 and
F1 measure 0.847. They prove that the proposed algorithm gives the best results,
compared with the sate-of-the-art techniques above.

6. Conclusion In this paper a new method for adaptive document im-
age binarization is proposed. The method is based on the incorporation of the
effectiveness of the floating mean algorithm and robustness of Sauvola’s method.
The method is compared with four state-of-the art techniques and outmatches
them in both the experiments with astronomical logbooks images and the exper-
iment with synthetic data. The experiment with synthetic data allows formal
performance evaluation using recall, precision and F1 measures, and the results
prove the superiority of the proposed method. Since the approach is based on a
combination of one-dimensional filters, it is also computationally effective, which
is an important feature in document image processing.

Currently the described approach is part of an image processing and recog-
nition system and is constantly in use in the experiments with astronomical log-
books and other non-standard documents. As future work, the method will be
involved as a preprocessing step in an OCR software especially designed for hand-
written digit recognition in astronomical logbooks images which is expected to
increase the performance of the process of digitalization of astronomical plates .
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