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Many applications, such as optical character recognition and documents archiving system, require document
binarization as an initial step toward successful system. The document image to be binarized may contain impairments
effects. This effect must be removed or mitigated in order to achieve good binarization performance. One important

approach is to find a proper global threshold value. With much image quality degradation, this approach may not be
feasible. Local thresholds can lead to better performance. The challenge is to determine the sub-images boundary
where each subimage has it local threshold. This research suggests an automated method based on x and y projections
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to divide the original document image into several sub-images. Each sub-image would have its own impairment effect.
The division is recursively and hierarchically performed until no further dividing take place or be user selection. The
proposed method shows good results compared to methods presented in the literature.

1. Introduction:

Document binarization is an essential step in many applications.
Optical character recognition application starts by pre-processing an
image document that includes image binaraziation. An old document
may not readable until it is binarized.

Document binarization is the process of converting color or
grayscale images to black and white images. Color and gray image
pixels values range between 0 and 255, while binary image pixels
values are between 0 and 1. Converting color and gray images to
binary image requires determining a threshold value such that any
value greater than threshold is set to 1 and any value less than
threshold value is reset to 0. Therefore, the problem becomes how to
determine the threshold value [1-3]. Obviously, it may vary from one
document to another. In addition, one threshold value may not be
enough for one document [4].

There have been many research studies conducted for document
binarization [1-9]. The focus of some researches was to build a system
suitable for mobile devices since images in these devices suffer from
illumination variations [1,6,8]. Removing the background pixels using
means and mean variations was developed [2]. Another study used
image training samples to detect text stroke width and generate the
proper local threshold values [3]. Time consuming method was
proposed where threshold is generated for each pixel based on image
histogram [4]. Many other studies were based on Otsu’s method with
some modifications [5,7]. Each of these and other studies addresses
the topic from different point of view. For example, enhancing the
image quality as a first step is carried by Howe [10]. Another view is
how to align the document to correct the skewness [11]. The main
challenge in all of these studies is how to choose the window size to
generate the local threshold.

Alshehri has developed a method to calculate the threshold values
based on both local and global statistics [12]. The image is scaled to
predefine size. Then, it is divided into four equal sub-images. The
method showed acceptable results where it was ranked at the lower
division of other 16 methods [12]. A problem may arise when deciding
the sub-images sizes. Predefine number and sizes of these sub-images
may not produce the best divisions for better threshold values
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calculation. The generated threshold is global. However it is based on
local threshold for several windows. The choice of window size is not
justifiable [12].

Projections have proven its suitability in document binarization
systems. Histogram-based projection is developed. Usually, either one
or multiple threshold values are calculated. This is done by dividing
the document image into many sub-images [4,7]. However, it may not
be closed to optimum. Therefore, the best way is to divide the
document image into sub-images, each of which has its proper
threshold value.

The focus in this research is to overcome the shortcomings in the
previous research conducted by Alshehri [12]. First, proper procedure
to divide the document image into sub-images is developed in contrast
to fixed size subdivision. In addition, enhanced threshold values
determination is suggested which is mainly based on projections. Even
though the method can be used for handwrite text, the focus is on
printed text images.

2. Threshold determination procedure

Written text in any document forms high pixel values. This is
with assumption that the text is in black with high image pixels code
values. Noise is represented by pixels values greater than background
color “white” and less than the writing pixels values. The problem is
that written text pixels values are not consistent and do not always
have the highest values in all over the document.

Calculation of x and y projections show the x and y locations
where high density of pixels values exist. Normally, valleys in y
projection show the writing baseline locations. On the other hand, x
projection shows the density of the high and low pixels. The
intersection between the two projections lead to locate the areas with
different noise values.

The procedure is developed as follows:
1. Xandy projections are calculated:
- Sum of all values over x axis and over y axis
2. Bothe projections were smoothed using moving average.

. XPi—1+xXpi+xD;
- Three moving average:  Xppojq = Tttt

3. Local minima and local maxima were calculated.
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- Calculate the moving difference on all x-projection and y
projection then locates the locations where the sign change

4. The x and y threshold values are determined by the mean of the
local maxima.

- Xtnreshota = mean(Xprojection) » Ythreshold is calculated in
similar way

5. If the difference between maximum and minimum values of the
local minima is greater than 0.55 (empirically determine), possible
crossings may exist.

6. If local minima fall below or above the main threshold for some
specific number of points, the transition locations are determined
at those locations.

7. The cross between these x and y transitions determined the sub-
images boundary.

The procedure is applied recursively on each sub-image until either
no more sub-image division occurs or the user selects to stop.

3. Method application example

The proposed method is applied on an the image was
photographed with a mobile phone [12]. Figure 1 shows the original
image and its x and y projections. As it can be noticed, y projections
shows two possible locations where the local minima fall below the
mean of the y local maxima of the projections. These locations are
indicated by the red lines in Figure 1. Crosses in x-axis are located in
similar manner. The resulting sub-images divisions are shown in
Figure 1 lower right part. The sub-images are numbered from 1 to 9,
staring from upper left to lower right direction.
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Figure 1. Original image, y-projection, x-projection and the resulting sub-
images

Figure 2, Figure 3 and Figure 4 show second level sub-images
divisions for sub-images 2, 3 and 6, respectively. The boundaries of
each sub-imaging are based on the x and y projections sown in every
figure. It can be noticed that x-projection did not produce any possible
crossings. Therefore, the sub-images were further divided into sub-
images vertically based on y projections. Also, both x and y
projections did not produce any crossings points for sub-image 5 as
shown in Figure 5. Figure 6 shows the original sub-images and its
binarized sub-images. The final binarized document is shown in
Figure 7.
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Figure 2. The sub-image number 2 sub-images. (a) Original image, (b) y-
projection, (c) x-projection, and (d) resulting sub-images
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Figure 3. The sub-image number 3 sub-images. (a) Original image, (b) y-
projection, (c) x-projection, and (d) resulting sub-images
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Figure 4. The sub-image number 6 sub-images. (a) Original image, (b) y-
projection, (c) x-projection, and (d) resulting sub-images
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Figure 5. Subimage number 5. (a) Original image. (b) y-projection, (c) x-
projection
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Figure 7. Final binarized document.

The proposed method is applied also on various documents. Figure
8 shows the result when applied on a historical document [9]
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Figure 8. The result of applying the proposed method on a document from [9],
(a) original document and (b) is the binarized document.

4. Results and discussion

The proposed method illustrated the possible auto-dividing
selection of document threshold for Binarization application. The
dividing process continued until not further need based on the x and y
projection or by user selection of the subdividing levels. The proposed
method was compared with the methods developed by Alshehri [12].
Alshehri’s method was ranked 13 among 16 different methods. The
presented method in this research could reach the fourth rank among
the other methods. This used metrics were as presented in [9].

2 x Recall x Precision
a. FM = 2XRecallxPrecision 1)

Recall + Precision '

where Recall = TPTPFN TP, FP and FN demote the True positive,

False position and False negative values respectively.
b. p— FM = 2 x p—Recall x Pr(-'j’c'ision’ (2)
p—REcall+Precision

xX=M,y=N
Ty=1y=1 SG(x.y).B(x,y)

where p— Recall = 2x=MJ'=NSG(x.y)

x=1,y=1
_ (0, background . .
SG(x,y) = {1’ toxt and B is the MxN binary
image
c. PSNR = 1010g (M_SE) . (3)
where MSE = 2= l(l(xy) I'Cey) , ¢ is the maximum pixel

value, | and I'are the pixel mtensr[y of both the original and processed
images.

NRpny+NRpp

e, @)

N N,
where NRpy = —2%— 2 Nrtp denotes true
Npn+Nrp Npp+Nrn

positives, Nrp denotes false positive, Ntn denotes true negative and
Nen denotes false negative.
e. MPM = YEentMPrp

e, 5)
NN ZNFP 4 . .
where MPgy = w MPgp = == =, diy and d7, denote
the distance of the it false negative and the j™ false positive pixel from
the contour of the test in the ground truth image.
The five metric measures were obtained to be as the 4™ entry in
Table 1.

Table 1. Evaluation results including the proposed method [9]

d. NRM =

,NRpp =

Rank]| Method | FM | pFM | PSNR | NRM | MPM
) 1 9150 | 9358 | 1978 | 598 | 049
2 8070 | 9515 | 1915 | 818 | 029

2 3 9178 | 9443 | 1967 | 477 | 133
3 | Proposed | o557 | 9507 | 1550 | 007 | 040

method

4 14 8973 | 9011 | 1890 | 577 | 04l
5 10 87.08 | 9083 | 1826 | 767 | 037
6 13 86.85 | 9243 | 1819 | 998 | 023
7 8 8613 | 8880 | 1762 | 868 | 037
8 17 8571 | 9168 | 17.63 | 1042 | 118
9 16 8322 | 9124 | 1719 | 1315 | 050
10 12 8506 | 89.63 | 1756 | 1048 | 3.80
M 9 8351 | 8688 | 17.24 | 1302 | 0094
11 8209 | 8755 | 17.02 | 1283 | 0.69

12 15 8139 | 8191 | 1560 | 553 | 166
13 6 8495 | 8689 | 1682 | 1147 | 4863

Alshehri’s

14 | periny | 7711 | 7814 | 1501 | 020 | 322
15 7 8229 | 8956 | 1661 | 1319 | 284
16 5 7351 | 7896 | 1595 | 19.95 | 1.04
16 4 5773 | 6642 | 1429 | 2841 | 110

The proposed method divides the document into segments based on
x and y projections. The projections generate mountains and valleys
as shown in Figure 1. When there is abrupt change in these mountains
and valleys trend besides the number of local minima and maxima, a
new document subdivision is assumed. The local threshold is then
generated based on the mean of the projections values.

The F-measure is an important measure. It is a compromise
between recall and precision. When both recall and precision are high,
FM is high. It is clear from Table 1 that the proposed method produces
the highest FM value among all other methods. For skeleton based
measure, p-FM is the suggested measure. The proposed method shows
the second height among other methods. For both NRM and MPM
measure, the lower the better. The proposed method has the lowest
NRM among all other methods. However, it did not overcome other
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methods in terms of MPM and PSNR yet it was ranked 12 positions
better than Alshehri’s method. The various measures for Figure 8 are
(FM =86.51, p-FM = 93.05, PSNR = 12.91, NRM = 0.12 and MPM
= 1.37). This result shows good general performance of the proposed
method.

It is worth mentioning that Sauvola's method is based on average
histogram of local window [4]. Even though it showed good results, it
suffers from two problems. First, it is very time consuming method
since the threshold is calculated for each pixel. Second, choosing the
window size is not justifiable. The method developed by Geraud and
Lazzara is based on Sauvola’s method [9]. However it was ranked the
sixteenth while the proposed method was ranked the third as shown in
Table 1.

5. Conclusions

Image hierarchical subdividing based on x and y projection was
presented to obtain candidates of image division’s boundary. The local
minima and maxima were necessary to be calculated. The local
minima were compared with local maxima mean. A series of
consecutive local minima above the mean of the local maxima show
possible locations of noise. The boundary points of x-axis and y-axis
form the sub-images. In each subimage, the threshold is calculated
locally, and binarization is done of that subimage. The process is
repeated until no more sub-images can be obtained or by the used
selection. The result was very promising compared to the published
results. The proposed method is undergoing investigation by the
author to become a generalized method in order to be applied for
handwritten.
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