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Abstract
When documents are written on both sides, quite often ink 
bleeds through the paper. This is a common phenomenon 
with old documents and low quality paper. With the presence 
of increased bleed-through, reading and deciphering the text 
becomes tedious. In this paper two methods are proposed for 
ink–bleed through removal. The first method is founded on 
Blind Segmentation Approach which exploits information from 
one side of the document and second method is based on the 
exploitation of information from both sides of the scanned 
document and founded on   a registration process which aims 
at working on both the recto and verso sides simultaneously. 
These two methods  are further compared with Otsu’s method 
which performs enhancement through thresholding. 
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I. Introduction
Digitized documents usually suffer from many degradations. 
These degradations can occur either during scanning or 
because of physical conditions. Ink-bleed through is a physical 
degradation that occurs due to ink’s seeping from one side of a 
page to the other side. As a result some patterns interfere with 
the main text . Thus deteriorates the legibility of the document, 
if the interference acts in a significant way. The severity and 
characteristics of ink-bleed through depends upon the following 
factors: (1) Ink’s chemical makeup, (2) Paper’s physical and 
chemical construction, (3) Amount of ink applied and paper’s 
thickness (both spatially varying), (4) Document’s age Amount 
of humidity in the environment housing the documents. 
The physical restoration approach used by the archives to 
reduce ink-bleed is to place the document in a chemical wash 
that removes ink from it. Limitations of this approach are (1) 
it takes an entire month to correct a single bound volume, 
requiring all pages to be unbound, washed and dried, and then 
rebound. (2) Include risk of damage to the source material due 
to handling. (3) Potential removal of lightly written foreground 
ink. (4) Environmental hazards from harsh solvents. Undoubtly, 
a digital solution that operates on images of the documents is 
desired as an alternative.

II. Previous work
On the basis of a single-side scan, the techniques attempting 
to reduce the interference are based on thresholding or 
segmentation-classification. These techniques fail to remove 
bleed through from low contrast document images. Moreover, 
it is also found to result in loss of data in many cases. More 
complex ink-bleed is not suitable for standard thresholding. This 
type of complex ink-bleed is addressed by Drira et al. [1], which 
separates foreground from ink-bleed. This approach works from 
a single RGB image whose colour space is first reduced to its 
first two PCA components. Ink-bleed is then removed by iterative 
clustering and thresholding based on the PCA features where the 
first iteration decomposes the image into background and non-
background regions, and subsequent iterations decompose the 

non-background region into foreground and ink-bleed. Iterative 
thresholding and source separation approaches produce 
good results when the ink-bleed and foreground have clearly 
distinguishable graylevel intensities or RGB signatures. These 
techniques suffer when the ink-bleed and foreground have 
similar intensities. The iterative-thresholding technique make 
a further assumption that the ink-bleed grayscale intensity on 
one page is always  lighter than the foreground on the same 
page, which is an often invalid assumption. Nishida and Suzuki 
[2] describe a method based on the assumption that high-
frequency components of the verso side are cut off in the 
bleeding process . Their restoration process uses a multiscale 
analysis and edge magnitude thresholding. Wolf [3] used an 
MRF framework with two hidden fields and one observation 
field to separate the foreground and ink-bleed from either RGB 
or grayscale images. This approach used Gaussian functions 
to model the colour distributions of foreground, ink-bleed, 
and background. However, we have found that a Gaussian 
distribution assumption does not work for complex cases. The 
data term of their MRF was defined based on the clustering 
results from grayscale features, resulting in the dark ink-
bleed pixels wrongly classified as background. Work in [1-3] 
attempted to reduce ink-bleed via only a single image which 
provides limited information.
One way to obtain more information is to use images from 
both the front and back side of a document.  Tonazzini et al. 
[4] extended their blind-source separation approach to operate 
on grayscale aligned front and back images and demonstrated 
its effectiveness for ink bleed as well as show through. These 
approaches assumed that the ink-bleed was lighter in intensity 
than the foreground, limiting its range of input. In [5], Tonazzini 
et al. further extended their work by using MRF and ICA. Similar 
to the work in [4], the work in [5] also assumed that the two 
signals are mixed by a linear operation, which is not satisfied 
for the old documents used in our work. In addition, their 
MRF was used to process a single image only.  Wang et al. [6] 
performed ink-bleed reduction in the wavelet domain. These 
techniques first globally align the front and back images from 
which an initial classification of the foreground and ink-bleed 
strokes was made using the magnitude of the image difference. 
Iterative filtering of the wavelet coefficients is then used to 
dampen ink-bleed while sharpening foreground pixels.  The 
assumptions are that the foreground and ink-bleed stokes all 
slant at 45 and 135 respectively, which is not valid for many 
images. Another nonblind method is proposed by Dubois and 
Pathak [7], where the emphasis is set to the image registration 
part, the restoration itself is performed using a thresholding-
like heuristic. In this paper we propose two algorithms that are 
effective for ink-bleed through removal by providing high recall 
and precision rates

III. . Blind Segmentation
It refers to those approaches that attempt to clean the front 
side of a document without referring to the reverse side. Most 
of these methods treat bleed-through interference as a kind 
of background artefacts or noise and remove those using 
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threshold-like techniques. Thresholding is a simple form of image 
segmentation through which a binary image can be obtained 
from a grayscale image. During the process, individual pixels 
in an image are categorized as ”object” pixels or ”background” 
pixels if their value is greater than some threshold value or 
otherwise . The key factor behind the thresholding process to 
choose the threshold value. Several methods for choosing a 
threshold are available. One among these methods is Otsu’s 
method.

A. Otsu’s Algorithm
Otsu’s method is the best-known and most widely used 
thresholding technique. This method mainly assumes that 
images have two normal distributions with similar variances. 
The threshold is selected by partitioning the image pixels into 
two classes at the gray level that maximizes the between-
class scatter measurement. Let the pixels of a given image 
be represented in L gray levels 1, 2, . . . ,L. The number of pixels 
at level i is denoted by ‘ni’, and the total number of pixels by 
N = n1 + n2 + . . . + ni + . . .. Then suppose that the pixels are 
dichotomized into two classes C0 and C1, which denote pixels 
with levels 1, .., k and k + 1, . . . ,L, respectively.
This method searches for the gray level ‘k’, which maximizes 
the between-class variance. The between class variance is 
defined as:
o,2B= ω0 ω1 (μ1 − μ0)

2                                            (1)
Where,

1.  =  is the frequency or the probability of the first 
class occurrence and  P(i) = ni/N is the statistical frequency 
distribution of level i;
2.  = 1 −  is the frequency or the probability of the second 
class occurrence;

μ0=  is the mean of the first class;

μ1=  is the mean of the second class. 
Otsu’s method yields good binary results. However, if the text 
intensities are inseparable from the background intensities, 
method finds an unsuitable threshold value and results in 
illegible image.

B. Ink- Bleed through removal algorithm using 
mathematical morphology(Proposed algorithm 1)
This method is introduced to overcome the limitation of 
thresholding in Blind segmentation approach. This algorithm is 
based on mathematical morphological operations like erosion, 
dilation, opening and closing. The proposed algorithm is as 
follows:
1. Read the input image degraded from ink-bleed through

)(xf

2. Apply the morphological filters on source image. The basic 
morphological filters are the morphological opening  
and closing   using a given structural element. 
Opening and closing equations are  

                       (2)                 
                         (3)

Where,  is erosion operation and  is 
dilation operation performed on the image )(xf  using a 
structure element )(xB . These operations are given by the 

following equations:

                   (4)

                  (5)
where, inf denotes the infimum and where sup denotes 
the supremum.
3. Perform the block analysis on the image to find the blocks 
of different intensity level and that requires the enhancement. 
Each block is the sub image of the original image. The maximum 
and minimum intensity values are denoted as Mi and mi. For 
each analyzed block, maximum (Mi) and minimum (mi) values 
are used to determine the background measures. iT  is used to 
select the background parameters. 
4. Reconstruct the blocks separately and detect background 
parameters.
Background parameters lie between clear )( iTf >  and dark 

 intensity levels. If  is the dark region then 
background parameters takes the maximum intensity levels 
(Mi) then )( iTf >  is the clear region, background parameters 
takes the minimum intensity levels (mi).
5. Perform Image Enhancement. The lighter part will be dissolve 
and the darker is left.     

and )256log(
255 i

T
T

k
i

−
=               (6)

6. Increase the contrast of remaining image.Enhance the 
contrast in images with poor lighting means applying the below 
equation.

and                (7)

IV. Non Blind Separation
This category utilizes information from both sides of a document. 
As more information is exploited, these techniques are believed 
to be more accurate. Several techniques have demonstrated 
good results. These techniques currently defined involve the 
following steps:

Scanning the front and back sides of the affected document, • 
referred to as recto and verso respectively.
Flipping the verso left to right to yield the flipped • 
verso and Aligning the recto and flipped verso images 
(Registration).
Segmenting the images into four different regions and • 
replacing bleed-through regions with an estimate of the 
background (Restoration).

This technique has a limitation regarding the preliminary 
alignment of the recto and verso images. Experiments show 
that the accuracy of these approaches relies on a very accurate 
alignment of the two images. Since it is not easy to achieve 
prefect alignment, currently most non-blind approaches rely 
on manual alignment, which is impractical and imprecise. The 
techniques that have been proposed for alignment for bleed-
through removal are slow and involve human interactions. A 
method to overcome this limitation is proposed here. 

A. Ink-bleed through removal using Registration and 
restoration(Proposed Algorithm 2)
This algorithm is proposed to overcome the above stated 
limitation.

1. Registration through optimization
First, both sides of the document are digitized. The verso is then 
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flipped and corrected so that the bleed through coordinates of 
one side corresponds exactly with the coordinates of the original 
writing on the other. This is done because both sides to handle 
any difference in shift or rotation between the two. An affine 
transformation of six parameters is used for the same whose 
parameters are found by optimizing the alignment process. The 
algorithm is divided in two halves. The first half registers the 
recto and verso, that is, it estimates the best transformation 
parameters. The second half uses those parameters to obtain 
a visual representation of the alignment.
Let us denote the recto of the document as ),( yxf r  and the 
flipped verso as ),( yxfv . To obtain an ideal flipped verso, 

),( yxf I
v  some transformation has to be applied to ),( yxfv

.This is done using an affine transformation, tA
tv

I
v Ayxfyxf *),(),( =                           (8)

This affine transformation consists of six parameters: 

are used to correct the rotation while   
and  are used to correct the horizontal and vertical shifts 
respectively. To find those parameters that will correct the verso 
perfectly, we use the difference. The difference is viewed as 
the difference that remains between the recto and the flipped 
transformed verso when they are aligned. It is a scalar and is 
denoted by:

2* vtr fAfdifference −=                                     (9)
It is evident that the smaller the difference the more accurate 
the alignment will be. This depends on the choice of parameters 
for the transformation. An estimation of the parameters can be 
found by solving the following optimization problem:

2*minarg vtrte fAft −=                                     (10)
This equation shows that the affine transformation parameters 
have to minimize the difference. It returns te, the estimated 
best parameters and using those we obtain our estimated 
ideal verso:
                                              (11)     
The main goal of this registration process was performance, 
that is, to create an implementation giving good results, in the 
least amount of cycles. The first obvious way to do this is to 
avoid loops (i.e. FOR loop) as much as possible. There are many 
ways in Matlab to work-around loops and achieve the same 
results. One of those is, again, to use Matlab built-in functions 
to save a lot of cycles. Another way to save some cycles is to 
perform all the calculations on a sample of pixels instead of on 
the entire image. Fortunately, good results are possible using 
only a fraction of the original pixels. The set of pixels is named 
S. At the start of the algorithm, S represents all pixels but we 
reduce S by using, “S reducing techniques”, (fig. 1), No matter 
what technique we use tough, it must select the pixels uniformly 
throughout the image. The first method consists in choosing 
every Kth pixels horizontally and vertically. The second method 
used involves using blocks of pixels throughout the image. Both 
methods can be combined to reduce S even more. However, 
reducing S too much will result in a loss of information. Note 
that an amount of pixels around the perimeter of the image (a 
border) is not included in S. The reason is that the results of a 
transformation on these pixels could be out-of-bound. In the 
end, S will be used to estimate the results we would obtain if 
we used all pixels, using much less cycles.  

      
    (a) Use only every k pixels   

    
    (b) Use blocks of pixels
Fig. 1. Techniques reducing set of pixels

2. Restoration
After the registration process is complete, the document can 
undergo restoration. The restoration process for a document 
for a bleed through removal algorithm aims at replacing the 
pixels of the recto corresponding to bleed through with the 
background. The pixels of the recto can be classified under 
one of four categories:
(i). There is recto writing but no bleed through.
(ii). Bleed through exists but recto writing does not.
(iii). There is neither recto writing nor bleed through
(iv). Both recto writing and bleed through exist.
Using thresholds, we can identify when a pixel falls in category 
2 and we can then replace it with the background value. This 
explains why it is necessary to obtain a perfect alignment in the 
registration process. The bleed through pixels don’t correspond 
to the pixels of the recto writing if we try to find in which category 
the pixel fall, with a bad alignment. They have to correspond 
exactly like in the original document, as it was before scan.
The approach used to estimate the front side image is to use 
the partitioning information listed in above four categories. 
Based upon those classes, every pixel (x,y) can be identified 
as belonging in one of those areas. In this method, the only 
category of interest is the second one, the case of no writing, 
but bleed-through being present. This is the case which will 
need to be corrected. If a pixel (x,y) has properties

Tyxfv <),(  and                                           (12)       
                                   (13) 

where, T and  are some suitably chosen thresholds, then 
the pixel falls into category 2. 
In words, this means that if at a certain point in the image the 
flipped back side is smaller than some threshold T (i.e darker), 
and the ratio of the front side pixel and the back side pixel is 
larger than some threshold , then the pixel (x, y) is classified 
into category 2. 
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V. Experimental Results 
All the algorithms described in implementation section have 
been applied on documents suffered from ink-bleed through 
degardation. The results were evaluated both qualitatively and 
quantitatively. In order to evaluate performance of the algorithm 
quantitatively the clean image are used for comparison with the 
images produced by the proposed algorithms. We evaluated 
true positives (TP are number of ink pixels correctly classified as 
ink), true negatives (TN are number of pixels correctly classified 
as paper), false positive (FP are number of pixels that are part 
of the paper, but are misclassified as ink) and false negative 
(FN are number of ink elements classified as paper). With these 
values, the metrics obtained are: 

A. Precision
It is the probability that a (randomly selected) retrieved 
document is relevant. High precision means that everything 
returned was a relevant result, but you might not have found 
all the relevant items. It can be evaluated as:

                           (14)

B. Recall
It is the probability that a (randomly selected) relevant document 
is retrieved in a search. Recall computed as the fraction of 
correct instances among all instances that actually belong to 
the relevant subset. High recall means you have not missed 
anything but you may have many useless results to sift through. 
It can be evaluated as:

                                 (15)

C. F-Measure
A measure that combines precision and recall is the harmonic 
mean of precision and recall, the traditional F-measure or 
balanced F-score:

                             (16)
This is also known as the F1 measure, because recall and 
precision are evenly weighted. It is a special case of the 
general Fβ measure (for non-negative real values of β):

                   (17)
Two other commonly used F measures are the F2 measure, 
which weights recall higher than precision, and the F0.5 measure, 
which puts more emphasis on precision than recall.

VI. Results
Fig.  2, shows two test images that have been used to evaluate 
and compare the performance of all the proposed algorithm.

   (a)  Test image 1:Oriya manuscript

  (b) Test image 2: Scanned text document
Fig. 2:Test images used during implementation

We evaluated both visual and quantitatively results for fig. 2(b) 
and only visual results for fig. 2(a), as we have no clean image 
to evaluate quantitatively for fig. 2. 

(a) Otsu’s Method
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(b) Proposed Algorithm 1

(c) Proposed Algorithm 2
Fig. 3 Results for fig. 2(a) of Oriya manuscript

                  (a) Otsu’s Method                  

               

 (b) Proposed Algorithm 1

(c) Proposed Algorithm 2
Fig. 4 Results of fig. 2(b) of Text Document

Table 1: Quantitative measures for fig. 2(b)

Algorithms
Results for Test image 2

Precision Recall F-measure

Otsu’s 
method 62.70% 78.75% 69.81%

Proposed 
Algorithm 1 98.72% 97.23% 97.96%

Proposed 
Algorithm 2 92.50% 97.36% 94.86%

VII. Discussions

A. Using Blind Segmentation
Clearly, from both qualitative and quantitative results, the output 
provided by the Otsu’s method for above documents is not very 
useful. This method fails to keep a faithful reproduction of the 
original document. This is why another method of document 
restoration is needed.
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As applying proposed algorithms 1 on Test Image 1 that is Oriya 
manuscript, it is seen visually, that proposed algorithm 1 has 
best result as it suppresses the ink-bleed much and show the 
edge connectivity properly which makes it more pleasant to 
read the document. However, we are unavailable with ground 
truth images so the visual result are been seen. For Test image 
2 both qualitative and quantitative results are given. From both 
quantitative and qualitative results it is clear that this method 
has remarkable recall and precision rates. The limitation of 
this method is that it is not time efficient. 

B. Using Non-blind Separation
Proposed algorithm 3 exploits both sides of the documents that 
is recto(Front) and verso(Back) side. As discussed in chapter 
4 in non blind separation approach preliminary alignment of 
the recto and verso images is required. Experiments show that 
the accuracy of these approaches relies on a very accurate 
alignment of the two images. Since it is not easy to achieve 
prefect alignment, currently most non-blind approaches rely 
on manual alignment, which is impractical and imprecise. The 
techniques that have been proposed for alignment for bleed-
through removal are slow and involve human interactions. 
Proposed Algorithm 3 is time efficient and results in proper 
alignment of recto and verso images. 

1. Performance
The time required to complete the first part of the algorithm 
is very reasonable. Although it strongly depends on the size 
of sample pixels (S). Trying to execute the algorithm using all 
pixels is not a good idea. In fact, even for a very small image it 
takes several minutes to obtain the parameters. Techniques to 
reduce S, have to be used. The block technique fig. 1(b) used 
alone doesn’t really help. S is not reduced enough to obtain 
a reasonable performance. The pixel technique fig. 1(a) is 
much more effective. It increases performance tremendously. 
When both techniques are used together, the performance is 
excellent.

2. Alignment
The alignment results are mixed, depending on the size of 
the images and the technique used to reduce S. For fair size 
images (1000x1000) the results are almost perfect regardless 
of the method chosen to reduce S. For bigger images, tough, it 
seems the technique used to reduce S does matter. The pixel 
technique used alone gives good results but when combined 
with the block method, bad alignments start to happen. For 
extra big images, the alignment is rarely good, no matter what 
technique was used.
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