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This paper describes an iterated automatic histogram multilevel thresholding combining with graph cuts algo-

rithm for image segmentation. The contribution of this work resides in the good performances of segmentation

obtained. Our objective is to increase the efficiency tumor segmentation shown in brain images in order to

bring visual information for diagnosis help. Image thresholding is very useful tool to separate objects and back-

grounds. Standard graph cuts consist to found an optimal solution to a wide class of energy functions. The

proposed algorithm start with initial segmentation using multilevel thresholding, the segmented regions, pixels

are considered as the nodes in the graph cuts. Experimentally our results are much better than segmentation

obtained by graph cuts algorithm, this method can be employed to other types of images as well without the

influence of � well without the influence of �.

Keywords: Segmentation Brain Images, Graph Cuts, Automatic Histogram Multilevel Thresholding.

1. INTRODUCTION
Segmentation subdivides an image into its regions of components

or objects and it is an important tool in medical image process-

ing. The segmentation of anatomic structure in the brain plays

a crucial role in Nero imaging analysis. Different approaches

to brain image segmentation which are most frequently are

used for comparison;16 such as edge based technique for brain

image segmentation edge, split and merge technique for brain

image segmentation, fuzzy thresholding method for brain image

segmentation.

Interactive image segmentation became an important field in

vision by computer. It used more and more frequently in this

type of approach to circumvent the problem of automatic seg-

mentation does not always give satisfactory results.

The extraction of object of interest in an image is useful

especially important for the analysis of medical images. Several

approaches were proposed these last years combining with graph

cuts method: the segmentation by morphological gradient,10 the

active contours based on the deformation of a surface formed

initially,17 iterate merging region with localized graph cuts,6

geodesic active contours and level set method.3 Another prefer-

able interactive segmentation method based on combinatorial

optimisation framework for image segmentation via S/T graph

cuts.3

∗Author to whom correspondence should be addressed.

In Ref. [1] Greig et al. were the first to discover that powerful

graph cut algorithms from combinatorial optimization can be use-

ful for computer vision problems. In particular, they showed that

graph cuts can be used for restoration of binary images. After the

general concept of using binary graph cut algorithms for object

segmentation was first proposed and tested in Boykov and Jolly20

were proposed a very effective method for interactive segmen-

tation based on graph cuts. An energy function based on both

boundary and region information is then minimized subject to

these user-imposed constraints. The result with a relatively small

amount of user input, the algorithm segments a variety of objects

from both medical images. In Ref. [19] minimum cut/maximum

flow algorithms on graphs introduced by Boykov-Kolmogorov

et al. emerged as an increasingly useful tool for exact or approx-

imate energy minimization in low-level vision. The combina-

torial optimization literature provides many max-flow/min-cut

algorithms with different polynomial time complexity. In many

case the Boykov/Kolmogorov algorithm worked several times

faster than any other methods, making near real-time perfor-

mance possible.

In Ref. [2] Karger et al. proposed a method approximating

the minimum cut on a graph with several terminal nodes. This

approach is attractive, but the quality of the energy minimum is

found directly correlated to the density of the graph. In other

words, the graph is denser, and the result is good. The density of

the neighborhood graph depends N considered. Many algorithms,
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often with their cohort of heuristics have been developed to find

a maximum flow in a graph. They are divided into two classes:

algorithms “Ford-Fulkerson” and algorithms “Push relabel.” 4

Histogram-based image segmentation is one of the simplest

segmentation techniques. It uses the histogram which is the

graphical representation of the tonal distribution in a digital

image to select the grey levels for grouping pixels into regions.

Multilevel thresholding is a process that segments a gray-level

image into several distinct regions. This process is often designed

using the gray-level histogram of the image.

In Ref. [28] Otsu’s method has been widely applied in image

processing, it used an interclass variance criterion for bi-level

thresholding, Otsu’s method choose optimal thresholds by max-

imizing the between variance; and minimization of within-class

variance. This method gives satisfactory results when the number

of pixels in each class is close to each other; the function formu-

lated by Otsu’s is one of the most referred thresholding methods.

To generalize the method to multilevel thresholding method, this

method which called the “interactive threshold selection method”

proposed by Reddi et al.29 is fast but its performance depends on

the initial value of thresholds, the getting a good performance,

it is suggested to evenly distribute the initial thresholds in the

histogram space.

The approach proposed in Ref. [25] makes thresholding tech-

nique which was based on constructing colour and hue his-

tograms. Kurugollu et al.26 proposed a novel concept for multi

band image segmentation has been proposed based on segmen-

tation of subsets of bands using multilevel thresholding followed

by fusion of the resulting segmentation channel. In Ref. [27] the

multivariate automates thresholding criterion is one of the robust

multilevel thresholding techniques in image segmentation area.

In this paper we propose a method for image segmentation

based on graph cuts algorithm and automatic histogram multi-

level thresholding (classification) occurs in two steps; first make

a classification of the image to be segmented by calculating the

different modes of the histogram, representing all the object class

in the image. Then we apply the graph cuts algorithm adopting

max flow approach. This study makes possible to obtain butter

segmentation then using only graph cuts standard.

We present in Section 1 a review of standard graph cuts algo-

rithm; a brief review of automatic histogram multilevel thresh-

olding algorithm in Section 2, and we propose in Section 3 our

method of combining the two methods together, followed by a

discussion of the results obtained in Section 4, the conclusion is

made in Section 5.

2. METHODS
In this section, we present image segmentation by graph

cuts algorithm and segmentation by automatic histogram multi

thresholding.

2.1. Image Segmentation by Graph Cuts

An undirected graph6 G = 4V 1E5, V = 8v11 0 0 0 1 vn9 is a set

of nodes (vertices) corresponding to the image elements, which

might represent pixels or regions in the Euclidian space. E is a

set of edges connecting certain pairs of neighbouring vertices.

Each edge 4vi1 vj5 ∈ E has a corresponding weight w4vi1 vj5

which measures a certain quantity based on the property between

the two connected by that edge.

This method is based on neighbourhood graphs, so each pixel

of the image becomes a node in the graph and edges from this

node join nodes representing neighbouring pixels.

A cut in a graph is related to a set of edges by the graph G

will be partitioned into two set A and B, so the result is an image

segmentation can be defined by

cut4A1B5=
∑

u∈A1v∈B

w4u1 v5 (1)

u and v refer to vertices in the two different components.

Graph cut image segmentation can be formulated as an energy

minimization problem.20 Consider p a set of pixels and L a set

of labels, the goal is to find a labelling f : P → L that minimize

the energy

E4f 5= R4f 5+� ·B4f 5 (2)

Where

R4f 5=
∑

p∈P

Rp4fp5 (3)

and

B4f 5=
∑

8p1q∈N9

B8p1q9�4fp1 fq5 (4)

And

�4fp1 fq5=







1 if fp 6= fq

0 otherwise
(5)

The coefficient Rp and B8p1q9 are region and boundary terms

that specifies the penalties for assigning pixel p to “object” and

“background,” and a penalty for a discontinuity between p and

q respectively.

The parameter � is used to control relative importance of the

region term and the boundary term; if � (� ≥ 0) is very small,

only the region term matters, so the label of each site is inde-

pendent from the other sites; if � is very large, all the seeds will

have the same label.6 Minimization of the energy function can

be done using the max-flow algorithm as described in Ref. [20].

2.2. Image Segmentation by Automatic

Histogram Multilevel Thresholding

Histogram threshold approach is based on partitioning an image

into regions that are similar according to predefined criteria. His-

togram of an image is a function giving, the number of pixels

to a particular gray level based on the gray level. The histogram

contains no information about the location of pixels or the rela-

tive proximity of two pixels, but the information it contains may

relate to the apparent brightness and contrast of an image.

Suppose that the gray-level histogram corresponds to an image,

f 4x1 y51 composed of dark objects in a light background, in such

a way that object and background pixels have gray levels grouped

into two dominant modes. One obvious way to extract the objects

from the background is to select a threshold ‘T ’ that separates

these modes. Then any point 4x1 y5 for which f 4x1 y5 > T is

called an object point, otherwise, the point is called a background

point.

In multilevel thresholding the histogram has to be partitioned

by multiple thresholds, and classifies a point 4x1 y5 as belonging:

to one object class if T 1< f 4x1 y5≤ T 2

to the other object class if f 4x1 y5 > T 2

and to the background if f 4x1 y5≤ T 1

2
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First we select an initial estimate for T , then we Segment the

image using T . This will produce two groups of pixels. G1 con-

sisting of all pixels with gray level values >T and G2 consisting

of pixels with values ≤ T , and we Compute the average gray level

values mean1 and mean2 for the pixels in regions G1 and G2,

finally we Compute a new threshold value T = 41/254mean1+

mean25.

In the global method, the principle idea is to find the differ-

ent modes of the histogram, representing all class objects in the

image. We generally seek thresholds from a histogram analysis.

This algorithm12 determines the global thresholds by requiring,

as a priori, only the initial choice of mean values associated with

each of the n classes.

p4j5 is the probability density of the attribute j of the original

image; definitions by [min max] the smallest interval containing

non-zero values of p4j50

In a first step, Figure 1 shows an initial estimate of the mean

values of the attribute j associated with each of n classes is

given by the average gray level value mi, i = 11 0 0 0 1 n for pixels

in regions. This estimation can be done by dividing the j axis

from min to max the n equidistant classes on the axis j1 and

calculating the arithmetic mean of each class as if the probability

density of the attribute was consistent between min and max.

Thresholds Ti are evaluated using the following equation

Ti = 64mi+mi+15/271 i = 11 0 0 0 1 n−1 (6)

After calculating the thresholds, must have assigned all the

class i, (i = 11 0 0 0 1 n) item of the picture that the attribute is in

0 50 100 150 200 250 300
0

0.5

1

1.5

2

2.5

(a)

(b)
× 105

Fig. 1. (a) Original brain image contain tumor. (b) The histogram of (a).

min max
m1 m2 m3 m4

P(j)

Fig. 2. Initial estimate of the mean of each class.

the range Ai = 6Ti−11 0 0 0 1 Ti] pour i= 11 0 0 0 1 n. avec T0 =min−1

et Tn =max.

Then, the update is done for the average mi case n, according

to following equation

mi =
6
∑

j∈Ai
jp4j57

6
∑

j∈Ai
jp4j57

(7)

3. METHODS USED
To guide and improve the segmentation process, we propose to

combine the method of graph cuts and segmentation by automatic

histogram thresholding. The first applications standard graph cuts

show that the minimum energy obtained is generally better than

with conventional techniques. In this paper we adopt a simple but

effective strategy to solve the disadvantages of image segmen-

tation by graph cuts technique. Image segmentation approaches

based on graph cuts, in general, have high computation complex-

ity and poor real-time performance.22 In this framework in order

to improve the quality of image segmentation, we have recourse

to the Boykov-Kolmogorov’s algorithm.19

Thresholding offers an efficient way, in terms of both the

processing time and the implementation simplicity, to perform

image segmentations. However, automatic determination of the

optimum threshold value is often a difficult task in digital image

processing.

Algorithm

Input original image, number of class.

Output segmentation result (segmented image).

1. Initial selection of the average values associated with each

of the n classes.

2. Calculate the probability density function p4j5 of j in the

original image.

(a) (b)

Fig. 3. (a) Original brain image contain tumor. (b) The segmentation result

by graph cuts algorithm (max flow).

3
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3. [min max] is the smallest interval containing non-zero val-

ues of p4j50

4. Calculate the threshold T corresponding to the means values

mi of j associated with each of the n class. Ti = 64mi+mi+15/27,

i = 11 0 0 0 1 n−1.

5. Build object and background data models based on labelled

regions.

6. Use graph cuts (max flow) algorithm.

7. Go back to step 4 until p4j5 moves to the closest gravity

center.

4. RESULTS AND DISCUSSION
The proposed method has been applied to brain images; the

goal is to segment brain tumors existing. We used the histogram

multilevel thresholding as initial image segmentation, then we

applied the graph cut algorithm (max flow), so each pixel in the

segmented region by multilevel thresholding will be a node in

the graph. Thresholding aims to segment an image into several

classes using only histogram. The general idea of these methods

is to isolate peaks of the histogram. In most cases and for reasons

related to technical difficulties and areas applications, the thresh-

olding operation is treated as a comparison threshold defining the

boundary between the class “background” and the class “object.”

The extension in case of multiple thresholds is often referred to

multi thresholding or classification. We used automatic thresh-

olding for initial segmentation, so the segmented regions pixels

by thresholding are consider as the nodes in the graph cuts. We

used the max flow algorithm described in Ref. [20] to imple-

ment our proposed method. The segmentation method has been

applied to several brain images from different patients. We also

(a) (b) (c)

Fig. 4. (a) Original brain image contain tumor. (b) The segmentation result by graph cuts algorithm (max flow). (c) Final segmentation result using graph cuts

combined with automatic histogram thresholding.

(a) (b) (c) (d)

Fig. 5. (a) Original brain image contain tumor. (b) The segmentation result by graph cuts algorithm (max flow) with � = 10. (c) The segmentation result by

graph cuts algorithm (max flow) with �= 290. (d) The segmentation result by graph cuts algorithm (max flow) with �= 300.

applied graph cuts (max flow) algorithm to the brain images to

estimate quantitatively the segmentation results obtained.

Figure 4 shows the segmentation result of the proposed

method. The difficulty of this task lies in the choice of the opti-

mal number of classes, when the choice is made, the graph cuts

algorithm (Max flow) is applied to build the graph using the

algorithm of Boykov-Kolmogorov’s.19

The second difficulty lies in the choice of � in graph cuts

algorithm to obtain better image segmentation. � is used to

weight Rp4fp5 and B8p1Q9�4fp1 fQ5, Boykov-Kolmogorov19 and

in Ref. [6] they have study the parameter selection � and show

that with a fixed value of � we can’t obtain a satisfactory image

segmentation, so for best image segmentation � can be varied

according to the image. Another critical problem is if we gave

different value of � we can obtain different segmentation for the

same image. We can take the example cited above:

In graph cut image segmentation, the parameter � is used to

weight the region and boundary terms. In Ref. [19] Boykov and

Kolmogorov have studied the sensitivity of selection of � applied

to different images with a fixed value of � cannot give satisfac-

tory results.

Figure 5 shows that in the interval � = 61012807 the image

segmentation obtained is presented in (b); for �= 290 we can say

that it is the best segmentation using graph cuts algorithm; and

beyond with � = 300 can have the same segmentation obtained

when � belongs to the rage [10, 280].

However, by combining the two methods mentioned above, the

problem of choosing � disappears completely when the choice

of number of classes occurs; we can obtain a clearer and finer

segmentation for brain images than the application of standard

graph cuts algorithm only. We can distinguish segmented brain

4
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Table I. (a) Original brain image contain tumor. (b) The segmentation result by graph cuts algorithm (max flow). (c) Final segmentation result using

graph cuts combined with automatic histogram thresholding.

(a) (b) (c)

1

2

3

4

5

6

5



R E S E A R CH AR T I C L E J. Med. Imaging Health Inf. 4, 1–7, 2014

(a) (b) (c) (d)

Fig. 6. (a) Original brain image contain tumor. (b) The segmentation result by graph cuts algorithm (max flow). (c) Final segmentation result using graph

cuts combined with automatic histogram thresholding with more of classes. (d) Final segmentation result using graph cuts combined with automatic histogram

thresholding with less of classes.

(a) (b) (c)

Fig. 7. (a) Original brain image contain tumor. (b) The segmentation result by graph cuts algorithm (max flow). (c) Final segmentation result using the

proposed method.

tumors with their different gray levels presented in the original

image, so in the diagnosis help is almost perfect and we obtained

good performances of segmentation.

We evaluate the segmentation performance of the proposed

method in comparison with Boykov-Kolmogorov’s algorithm.20

We compared different brain images and the final results of image

segmentation are butter than graph cuts segmentation only.

Several brain images segmentation are presented in Table I,

we have chosen 6 images reaches any brain tumors, we have

shown segmentation results by graph cuts algorithm only and

the Final segmentation result using graph cuts combined with

automatic histogram multilevel thresholding.

The challenge is to extract objects of interest from com-

plex background, Table I shows image segmentation comparison

result, the proposed method has a more accurate segmentation

and more details on tumors extract for diagnosis help. For exam-

ple there are some details that are neglected in standard graph

cut such as in Table I, or they may be powers clearly using the

proposed method even for images contain week boundaries due

to poor contrast.

Figure 6 shows a failure example; we can’t extract clearly the

brain tumor in (d) and at the same time segmentation obtained in

(c) is the same thing as segmentation obtained in (b) with stan-

dard graph cuts algorithm; because for the brain image (a) back-

ground and foreground have a looks grayscale so it can assigned

as the same label because of the connecting regions of object

and background have similar grayscale and we confound between

them and consequently image segmentation become hard.

But there is another problem to deal, it is the problem of time,

our approach remains at least a little slow compared to other

algorithms applied because it depends to the initial segmentation

step as a pre-segmentation to partition the image into regions is

the automatic multilevel thresholding segmentation and the user

input information as select foreground pixels and background

pixels is an important factor to get desirable segmentation. Also,

another factor plays an important role on the speed of the pro-

posed method is the size of the image, for images of large size,

the proposed algorithm still takes more seconds to display the

result, and this is not the case when it comes to images of small

size.

An example for colour image is shown in Figure 7, where we

have applied the proposed method, we can also obtained bet-

ter segmentation but in grayscale, it is clear that the difference

results between (b) and (c) is important, we can distinguish the

boundaries and the tumors regions in grey scale in (c), however

in (b) with using graph cuts algorithm we confuse between the

regions witch have the same grayscale. We will investigate how

to incorporate these methods into our work in the future.

5. CONCLUSION
The various methods of segmentation offer several ways to seg-

ment an image. In this paper we have proposed a method of

segmentation of brain tumors, based on the combination between

two algorithms graph cuts and automatic histogram multi thresh-

olding for initial segmentation. The parameter � has no influence

for the segmentation, so our method gives better and clear results

than those obtained from standard graph cuts algorithm only.

A comparison between different brain images segmentation show

the effectiveness and precision.

6
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