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Abstract . An adaptive gray value of image segmentation method aimed at uneven gray-level image
segmentation was proposed. The innovative method combined target image with the gray value of
background information according to level set theory with the adaptive linear fitting of global and
local information. And then, image segmentation was conducted to avoid being trapped in the local
optimum. The experimental results showed that the proposed method could resist noise effectively
with the capacity of adaptive image uneven gray level information. As a result, The global optimal
image segmentation was obtained. Theoretical analysis suggested that the proposed method not
only can be used to cut up the real image but also can be well applied to MRI segmentation.

Introduction

As the main research area in computer vision processing, image segmentation has been emerging
in recent years. However, changes in illuminance unevenness space and defect image forming
apparatus result in image gradation unevenness!*!, which is such a big problem in image
segmentation that the traditional image segmentation methods can not handle grayscale images. In
the literature[5.6], C.M. Li proposed LBF model, able to handle uneven gray image segmentation
effectively with the local information of images. In addition, the model could also be used in MRI
segmentation[”®. Later, C.M. Li put forward an improved LBF model that could make good use of
local image intensity inhomogeneity information to conduct image segmentation. K.zhang pointed
out the shortcoming of this method it is easy to get trapped in local minimum due to distance
regularization constraints. Aimed at the problem, this article based on C.M. Li’s model, combined
global gray level information with that of local to achieve adaptive fit of the above information,
which in turn not only could operate the global image segmentation to avoid falling into a very
small value, but also had good noise robustness. On one hand, the method proposed in this article
could be used for real image segmentation, on the other hand, it was also able to handle MRI
segmentation.

Improved LBF model

LBF model uses information uneven gray image segmentation to achieve a better one. Based on
this, an improved method of LBF model is proposed by C.M.Li, which regards the nonuniform
grayscale image component as a table, taking into account the large number of physical factors of
the image. The image is represented by the formula (1).

| =bJ +n (1)

| represents the actual image, b indicating uneven gray image information, nwith indication
additive noise. Real image J represents an inherent property of the imaged object, assuming J is a
piecewise constant. Energy level set-based pan-function model ! is represented by the formula (2).
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F(¢,C,b)=E(4,C,b) +Vi(p) +uR(9) (2)
Wherein, the regulation terms /(¢) and R(¢) are defined as:
((¢) = [|VH (¢)|dx
R, = [ p(Vg)dx
Wherein, /(¢) representing the length of the zero level set contour is distance regulation.
E(#,C.b) = [ o] insecr Ko (Y =100 =b(y)C,| H @)Xy + [ g [ qusisecc) Ko (¥ =) |1 00 = b(y)c, [ dxdly  (4)

Wherein, 1(x) is for the original input image, K_ as the standard deviation is equal to the Gaussian

kernel & ,c1 and c2 are the average gray values within and outside the contour region.
Hay function[10] is expressed as:

©)

H(z) = E[1+ Earctan(i)] 5)
2 T &
Differential H are indicated:
5()=H@=1 £ 7eR (6)
wTE +1

The above formula shows that £ will affect the profile parameter s (z) . Too large e will result in

excessive contour, thereby increasing the capture region and the contour segmentation accuracy
decreases.

Using the level set method, Lipschitz function represented C = R by the zero level set, the level
set function is represented as ¢, ¢:Q c R, to derivative the contour C, get the gradient of ¢ [11].

0
5.9t - 1) ()

In order to make a smooth evolution of the level set function, increasing the distance
regularization term, and Used Euler length term regularizing level set to zero outline [12], Finally,
the evolution formula of function is:

o¢ \ \
= udiv(d 0. (¢)d ) - 8
oY iv( 'V |)+V (¢) IV(|V¢|) (D) (Ae - 4e,)  (8)

Wherein, coefficient 4, 4, represents the area inside and outside contour integral right weight,
general provisions 4, = 4, =1, the definitione e, of the formula (9), and regulation,

d =%, p(s) = 1/ 2)(s 1)

p

&= [ oK, (y =) [10)-b(y)c,[ dy

=171, —2¢,1(b*K)+c¢?(b* *K)

&, = [ o K, (y =21 ()= b(y)c,| dy

=121, —2¢,1(b*K) +c,2 (b *K)

1.is defined as1, (x) :J'Kd(y— x)dy, in addition to any other one of the regions of the image area is

constant 1.

Uneven grayscale image information b as an integral part of the image | information, the
effective use of the image gray uneven information on the time and cost of segmentation algorithm
are superior to CV model[13] and LBF model. However, due to the simulation, results show that the
algorithm considers only locally uneven grayscale image information, the global image
segmentation results are unsatisfactory.

1. Image to fit the local and global information

The following information will be gray outline of the image to fit inside and outside, by taking
into account local and global information for image segmentation. In the image evolution,
considering the gray information inside and outside the contour C, equation (9) becomes:

(9)

497



e, =¢ +a (1?1, —2¢,1(b*K)+c’(b**K)) (10)
e, =C, + @,+(1°1, —2¢,1 (b*K) +¢,” (b* *K))
“Te Clc
+
Wherein, v (11)
CZ
w, =
c, +C,

Wherein, c;, ¢, respectively represent the average gray scale information within and outside the
contour C. In order to achieve the minimum energy F, at every iteration, the updated level set¢, the

contour C, the deviation areab, the energy F(4,C,b)is minimized, resulting in deviation corrected
image. Update algorithm is as follows:

Step 1: fix C and b, the function F(¢,C,b)is about the ¢ function. By the formula (2), the
function F(¢,C,b) can be an minimized energy function, in this process, the constants c1, ¢, and the
bias term by the formula (4) is updated, wherein, e; and e, are for the formula (10).

Step2: fixgand b, function g(g,c,b) minimizing the energy with respect to C is updated as:

L _ JorK)H @y

C 7 K )H @)y

L _JErK)Ia-H @)y
O K- H@)dy
Step3: fixg and C, function E(g,c,b) minimizing the energy with respect to b is updated as:
o (|J(1))*KO,

b= (13)

Wherein 39 =" cu, 3@ =>" ca,

Experimental results and analysis

The proposed combination of global and local information gray uneven level set evolution to
achieve a better global image segmentation is confirmed by simulation instructions. Hardware test
platform is as follows:

Experimental environment:Window?7, Intel(R) Core(TM) i7-3770; CPU:3.40GHz, RAMS.00G;
64-bit operating system; Preferences:u=0.5, v=0.001x255*, ¢=1, time step At=0.1, the number
of iterations is set to 50 times.

Algorithm flow is as follows:

(1) t= 0, the initialization ¢ :

(12)

-LxeQ, - pQ,
P(x,t=0)=:0,xe pQ, (14)
1LxeQ-Q,
Wherein, Q,is a subset of the image areaQ, pQ, is the sub-region Q,boundary.
(2) According to the equations (7)(12)(13) to update ¢, C, b, Energy function F(¢,C,b)is
minimized.
(3) g™ =¢" + At-Ag", Wherein At is iteration time step.
(4)Evolution (4) is to determine the equation of whether to stop, if not stopped, return to Step 2,
otherwise ends.
Comparison of several image segmentation algorithm
The original CV algorithm, the improved algorithm LBF and the proposed new algorithm for
Breast. tif, Noisy circle.tif, Heart-ct.omp three images for simulation, respectively, in segmentation
effect, Iterations times, time consuming comparison, the simulation results shown in Fig 1.
By comparing the results of the above-described segmentation, Fig.1(d),(g),(j)three images can
be seen that, under the conditions the same initialization of the boundary, for Breast.tif image
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segmentation algorithm and modified the original CV the LBF model segmentation results are not
good in this article segmentation algorithm, our algorithm can perform global image segmentation,
while the other two algorithms spit a lot of sub- regions;(e),(h),(k) three figure, image Noisy-circle
contain reflection noise, you can see the three algorithms are able to split out the target, but the
original CV algorithm and improved model LBF more noise while split out as a target, but the
algorithm is rarely segmented noise, can effectively resist interference noise, and effectively split
the target, from (f),(i),(j)three figures, the three segmentation algorithms algorithm for image
segmentation Heart-ct. bmp the best results.

a | b
original image

,
CV algorithm segme

h i
improved segmentation algorithm LBP map
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segmentation algorithm results map
Fig.1. Comparison of different algorithms for image segmentation results
(Figure a-c are original image; d-f for CV segmentation algorithm;Figure g-i LBF for improved
segmentation algorithm; Figure j-l algorithm for segmentation map)
Table 1 three image segmentation method and time-consuming iterations comparisons table

Breast.tif Noisy_circle.tif Heart_ct.bmp
iterations time iterations time iterations time
CVv 1000 92.32s 1000 103.22s 1000 3.84
Improved LBF 10 22.9s 10 27.30s 10 1.95
algorithm
Proposed algorithm 10 22.45s 10 25.79s 10 1.99
Summary

We base this paper on the original image segmentation that is based on the level set by the inner
and outer contours of local and global information adaptive fit to get a better overall segmentation,
and segmentation of images also has good robustness. The new algorithm can be applied not only to
the natural image segmentation can also be used in medical image segmentation and SAR images.
In addition to the noise of the image, the image information will be subject to interference target
occlusion,information loss and other factors. In this case, the image segmentation relies solely on
the bottom of the image information of image segmentation, and can not get good segmentation
results, thus how to solve complex background image segmentation problem with the use of a priori
information and the bottom image remains unknown.
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