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Abstract - The problem of Optical Character Recognition (OCR) needs, as a first prerequisite, a good and
powerful algorithm for binarization of scanned text. Most of the available algorithms used for
binarization, uses the concept of thresholding. Such algorithms, in spite of being powerful, simple and the
one with very small computational cost, are sometimes less efficient in case of scanned text of low
quality. This leads to the requirement of other mathematical model for binarization. In this paper, we
present a new mathematical model for binarization problem. We transform the problem in to an
equivalent optimization problem and attempt to solve it through network flow terminology. Max-flow
min- cut theorem given by Ford and Fulkerson plays a very crucial role in the model.
Keywords – Binarization of image, Network flow problem, Max-flow min-cut theorem, Optimization,
Ford – Fulkerson algorithm
I. INTRODUCTION
Optical Character Recognition (OCR) is a technique to convert text image in to computer readable text. It
is a problem of machine learning whose solution requires binarization of the scanned text images as a
primary step. There are variety of algorithms used for binarization, most of which relies on the technique
of thresholding. Despite of numerous advantages of the technique, there are times, when the shortcomings
of the technique overshadow the positive side of the technique and force the user for the search of some
new method for binarization. We have tried to address the problem by means of mathematical model
involving network flow terminology.
1,2

A digital image of text document (i.e. scanned text) is composed of rectangular arrangement of pixels,
each of which represents intensity. Binarization is defined as a process of formulating a function
l : X {t, b} which reassigns a binary value t (Text) or b (Background) to every pixel x of the image,
subject to the given data. The choice of the function depends on two constraints. 1) The neighboring
pixels should be assigned similar value by the function almost everywhere with the exception of the
pixels representing boundary of the text. 2) The assignment should be made in light of the data given by
scanned image. We have used the approach of Energy minimization in order to construct the function.
The first step includes construction of an objective function in the light of constraints of the problem. Let
X be a set of all pixels of the image and { g x : x  X } be the set of grey values of pixels. The objective
function O : L  provides the measure of inappropriateness for every possible function l  L and plays
a crucial role in the selection of most suitable function. It is defined as,
O(l )   kpxy   lx  g x
(1.1)
( x , y )N
x , yX

xX

Where, N denotes the set of all pairs of neighboring pixels of X, k is a nonzero constant, pxy denotes the
penalty imposed by the objective function to l for assigning different binary values to the neighboring
pixels x and y of X , and is defined as
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pxy  lx  ly

(1.2)

and l x is defined as,

 0, if l ( x)  t
(1.3)
lx  
255, if l ( x)  b
The objective function takes care of both the constraints imposed on the required binary function l.
Hence our reduced problem is to find a binary function l that minimizes the objective function. This
optimization problem is computationally expensive as the space all possible binary functions has
dimension X , which is in thousands. Making the situation worst, the function being non-convex may
have many local minima. Our model uses the approach of network flow for the minimization of objective
function. We construct a network flow using the objective function and the scanned image. Minimum cut
of the network flow plays a decisive role in the evaluation of the required binary function.
II.
GRAPH THEORETIC MODEL
Given a scanned textual image with pixel set X, our model considers its gray value set { g x : x  X } as an
input data. A network G (V, E, W) using the input data is constructed with vertex set V containing vertices
v x corresponding to each member x of X and a pair of distinguished vertices s and t for source and sink
resp. Every such vertex has a pair of edges esx and e xt joining it with source s and sink t resp. Their edge
weights are lx  g x . For every pair of neighbors x and y, an edge exy with weight k. pxy is created in the
network flow. The cut of the network flow is a minimal collection of its edges, whose removal from the
network flow makes the terminal vertices s and t disconnected. A minimum cut of the network flow is a
cut with minimum cost. The minimum cut of the network flow gives the partition of the vertices v x in to
two sets S and T. This also gives the most suitable choice of binary function for the image. All pixels x
corresponding to vertices v x which are part of the set S should be assigned binary value t, whereas the
remaining pixels of the image should be assigned value b. In the next session, we present the results
showing that, the model gives the binary function which minimizes the objective function.
III.
SINGNIFICANCE OF THE MODEL
In this section, we will prove that, our model efficiently minimizes the objective function theoretically,
and as a result gives a binary function which is the best solution of the problem in the light of available
constraints.
Theorem 3.1 For any scanned textual image, the set L of all corresponding binary functions and the set
C of all cuts on the network corresponding to the image are in one to one correspondence.
Proof: Let L: X → {t, b} be a binary function corresponding to the given scanned image. Then, there
exists a cut c = {S, T} on the network for the image corresponding to the function l defined as follows:
S = {v x / l x  0} and T = {vx / lx  255}
Note that, l x  0 , when l(x)  t and lx  255 when l(x)  b .
This proves that, every binary function finds an equivalent cut in the set of all cuts.
Conversely, let C = {S, T} be a cut on the network for the given textual image. Then, we can define l as
follows:
l(x)  t , if v x  S
And l(x)  b , if v x  T
This proves the theorem.
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Theorem 3.2 The minimum cut for the network flow under consideration gives binarization which
minimizes the objective function.
Proof: let l be the binarization corresponding to any cut C of the network flow. First, we show that, cost
of the cut C is O(l).
Note that, cost of any cut is sum of weights of the edges which are member of the cut set. In case of our
network flow, there are two types of edges: (i) edges joining vertices corresponding to pixels of the
image. i.e. edge exy with (vx , vy )N (ii) edges between terminal vertex and a vertex corresponding to
pixel, i.e. edges esx or e xt for some vertex v x . Thus, the cost of C is given by,
Cost(C) =



( vx ,v y )N
exy C

w(exy ) 

 w(esx )   w(ext )

esx C

(3.1)

ext C

Claim 1: For every vertex v x , exactly one of the edges esx and e xt can be part of the cut C.
If both of the edges are part of the cut C, the cut C’ obtained by removing one of the edges esx and e xt is
again a cut, which is contradiction with the fact that C is a cut, as no proper subset of a cut can be a cut.
This proves that, at most one of the edges esx and e xt can be in C.
If the cut C contains none of the edges esx and e xt then, the terminals s and t stays connected even after
removal of all edges of C, (because of the existing path s- esx - v x - e xt -t in G \ C) which contradicts with the
fact that, C is a cut.
This proves claim 1.
As a result, every vertex v x of the graph contributes to exactly one of the last two terms of (3.1). Thus,
(3.1) becomes,
Cost(C) =



( vx ,v y )N
exy C

w(exy )   lx  g x

(3.2)

xX

As w(exy ) = k. pxy , (3.2) becomes,
Cost(C) =



( vx ,v y )N
exy  C

k. pxy   lx  g x

(3.3)

xX

Claim 2: For every pair of neighboring vertices v x and v y , the edge exy is part of C iff either esx and eyt are
both in C or e xt and esy are both in C.
Assume that, esx and eyt are in C but e xt and esy are not. If possible, assume that, exy C . Then there is a
path s- esy - v y - exy - v x - t joining s and t in GC, which is a contradiction with the fact that C is a cut.
Hence, in this case exy must be in C.
Assume that, esx and esy are in C but e xt and eyt are not. If possible, assume that, exy C . Then, C –{ exy } is
still a cut, which is a contradiction with the fact that, C is a cut and no proper subset of C can be a cut.
Remaining two cases can be addressed by analogous argument. Thus, claim 2 is proved.
The first term in the expression of cost(C) mentioned in (3.3) presents sum of weights of all
exy corresponding to neighboring vertices v x and v y which are left connected to different terminals in
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G\ C . The edges exy not contained in C, are the ones, for which corresponding v x and

binary value by l. Hence, weights of such exy will be zero.
Thus, equation (3.3) becomes,
Cost(C) =  k. pxy   lx  g x
( x, y )N
x, yX

v y are assigned same

(3.4)

xX

But, by (1.1),
Cost(C) = O(l).
This proves that, the cost of the minimum cut C minimizes the objective function O(l).
IV.
DISCUSSION AND RESULTS
We have implemented the model using a code written in java programming language. Although the model
gives sufficiently good results, the code still needs refinement as it takes considerably long computational
time for binarization of large images. The results of experimentation are presented in figure 4.1.

(a)

(b)

(c)

(d)

(e)

(f)

(g)
(h)
Figure 4.1: (a) ,(c), (e) and (g) are scanned images whereas, (b),(c),(f) and (h) are their binarization produced by our code
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We have carried out time analysis on the data of implementation of our code on textual images of various
sizes. The results are discussed in table 4.1 and figure 4.2. From the theoretical results, it is evident that,
the model gives one of the best results in light of the constraints. Still, the exponential growth of
computational time with respect to the image size appears as a big hurdle for real acceptability of the
method and needs to be addressed.
Dimension of the scanned image No. of pixels in the image Time taken (in Seconds)
91 X 33
3003
2
91 X 35
3185
2
89 X 45
4005
3
100 X 63
6300
5
92 X 92
8464
10
120 X 95
11400
15
320 X 200
64000
75
480 X 216
103680
2258
Table 4.1: Computational time for images of various sizes

Figure 4.2: Scatter plot for data of table 4.1
V. CONCLUSION
Our mathematical model efficiently optimizes the objective function theoretically and hence gives the best
possible results. However, the computational complexity of the model needs to be addressed in a better
way at the time of real implementation by encoding the model by means of more efficient programming
for implementation.
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