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Abstract

In the present work, optimal multi-level image segmentation is proposed using the Firefly Algorithm
(FA). RGB histogram image is considered for both bi-level and multi-level segmentation. Multi-
thresholding is used to enhance the information such as intensity, pixels of images based on the chosen
threshold. In this work, heuristic algorithm based multi-thresholding such as Otsu’s thresholding and
Kapur’s entropy function is implemented for Gray scale test images. Proposed technique are validated
for mostly used benchmark images and the outcome of these algorithms are validated for already
determined quality measures which is existing in the literature. The Performance of the gray scale
images on Firefly Algorithm is carried out using these parameters, like objective value, PSNR, SSIM.
From this paper, it is observed that, the considered heuristic algorithms are efficient to extract the
information of image based on the chosen threshold values.

Keywords: Gray scale test image; Segmentation; Otsu; Kapur’s function; Firefly Algorithm; Image
quality measure.

Introduction level thresholding process Otsu’s and Kapur’s
entropy function for a chosen threshold level
Th={2,3,4,5}. The test images on 512 x 512
pixel sized Gray level images are used for
segmentation such as Mandrill, Traffic, Jet,
Hunter.

The main aim of the present paper is to
determine a comparative analysis of gray scale
images between the Otsu’s and Kapur’s function
on Firefly Algorithm. The simulation work is
done in MatLab R2013a and determined the
image quality measurements [10] such as Root
Mean Square Error (RMSE), Peak Signal-To
Noise Ratio (PSNR), Optimal Thresholds (OT),

MEANR, Structural-Similarity Index Matrix
The outcome of this process can affect the (SSIM).

image quality measurements as well as initial
conditions [2,3]. Therefore, non-parametric
approaches are preferred to determine the gray
scale images from the test images. In this paper,
image thresholding is proposed using non-
parametric approaches, such as Otsu and Kapur’s
function [3]. During multi-thresholding process,
the desired thresholding level to be preset with
an available signal processing scheme, which
splits the image into various clusters. In the
present work, Firefly Algorithm (FA) based
approach [4-8] is proposed to guide the multi-

Image segmentation is a procedure [1],
used to extract information from original test
gray scale images. During the segmentation
process, a digital image is separated into
multiple regions, pixels or objects, to extract and
interpret the relevant information of images. In
recent years, this process has used mostly in
many key fields, such as remote sensing, medical
imaging, pattern recognition, and signal
detection. Thresholding is the simplest method
of image segmentation which is based on the
parametric approach which is complex and time
consuming.

In the second part of the present paper, we
discussed about segmentation methods (Otsu and
Kapur’s Entropy) to be tested. The third part
reviews about the heuristic algorithms. The
fourth part describes about the implementation
of image segmentation. Finally, the experimental
results of the segmented gray images are
represented along with their histogram,
conclusions and reference papers are discussed
in sixth part.
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Problem formulation

In image processing many schemes are
used to perform the multi-thresholding process.
In this paper, comparative values are analysed
between Otsu’s and Kapur’s function based on
firefly algorithm for gray scale images. In
Thresholding based approach, the segmentation
process finds the optimal threshold, which
maximizes the overall entropy values [6,8,11].

OTSU Method

Ostu based image segmentation is first
proposed in 1979. Initially it works directly on
the grey level histogram [12]. Then it finds the
threshold that maximizes  between-class
variance. This process is already implemented in
grey scale image and RGB images respectively.

In the present paper, Otsu approach
considered the grey scale images with the aid of
grey scale histogram. In the grey scale space,
each pixel of image is a mixture of black and
white. Segmentation process is based on
segmenting the image into multiple segments
based on their colour, intensity and texture. The
optimal threshold value is selected to separate
the desired object from their background by
applying a threshold in the segmented image [6].

In Otsu’s method we searched for the
threshold that minimizes the intra-class variance
(the variance within the class), defined as a
weighted sum of variance of the two classes:

ol(t) = wo(t) g (t) + w,(D)of(t)

wy ,wy are probabilities of the two classes
separated by the threshold t and ogand o are
variance of two classes [13].

The class probabilitywg ; (t) is computed from L
histogram:

t—1
wo(t) = ZP&)
i=0

L—-1
OEDWIO
i=t

Otsu minimizes the intra-class variance which is
same as maximizing inter-class variance:
ai(t) = 0% — ol (t)

= wo(io — pr)* + w1 (g — pr)?
= wo (D) w, () [1o (1) — 1 (D]
Which is expressed in terms of class
probabilities ® and class means p.

The class means Ho.1r(®) js:
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Optimizing this grey scale image may require a
large computation for bi-level and multi-level
thresholds. Many methods have been proposed

in previews papers to solve the image
thresholding problems.

Kapur’s Method

In this paper, a conditional entropy method
called Kapur’s entropy method [14,15]. This
Kapur’s entropy was initially proposed in 1985
to segment the gray scale image by maximizing
the entropy of histogram [23]. This method
determines the optimal threshold values which
maximizes the overall entropy by using a vector
of image thresholds Th = {thy, th,,... thy1}.
Therefore, the Kapur’s entropy will be;

}’max:fkapur(Th):E?:l Hf for C{l,2,3} (1)

Generally, each entropy will computed
independently based on the particular Th value.
For a multi-level thresholding problem, it can be
resolved by using the following equation;

C— thlp_h-? P_hj:
Hl Zh WG In WG '

[ [
HE _Z_jzth1+1 w€ In e ] (2)

Wy

C C
eyl PhS In PR
3 jzthk+1wi_1

Wiy
is developed by imitating the blinking
illumination patterns generated by fireflies, at an

essence of its creation.

WherePhj‘F - the probability distribution of the
intensity levels andwg,wj, ...., wg_;- probability
occurrence for k levels, C is unity (1) for gray
level images. The Firefly Algorithm (FA) based
arbitrary work adjusts the threshold value of
image until it reaches a Jyax value.
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Firefly Algorithm

Firefly Algorithm (FA) was first proposed
by Yang [19-21]. This algorithm is nature-
inspired  meta-heuristic  algorithm,  which
developed by blinking illumination pattern
generated by fireflies. The Firefly Algorithm FA
is developed by considering the following
condition;

1) Fireflies are unisex which means one
firefly will be attracted by another firefly
of its sex which is nearer to the one.

2) The Attractiveness between the two
fireflies is proportional to blinking
luminance.

3) The brightness of a firefly is related with
the cost function or fitness of firefly
which is used for the searching process

During the searching process, the attracted
firefly x towards the brighter firefly y can be
determined by their respective position [15,18].
The updated position equation is:

X=X +Boe™ B (X — Xi)+ay.

sign (Trmd — %) + B(s)

Where Xt*1 — Updated position of firefly, XZ —
Initial position of firefly, foe ™% (X% — XL) —
the attractive  force  between  fireflies,
B(s)=A.|s|%/? — Brownian walk strategy, A is

random variable, f is the spatial exponent and a
is the temporal exponent.

The Three random parameters such as
Brownian search based FA, Levy flight [20]
based FA and traditional FA which are used to
update the firefly position. All parameters of this
algorithm has assigned already in recently
proposed paper. In this paper, we presented a
comparative analysis between Otsu’s and
Kapur’s entropy function.

Implementation of Segmentation

The test image of Gray scale thresholding
used to finds the threshold value within the range
[0, L-1] by increasing the entropy value of
histogram [25]. Similarly, the heuristic algorithm
is used to determine the optimal threshold (Th)
value for the test images in the threshold data
space [0, L-1]* The dimension of segmentation
[21-24] problem mainly depends on the m level.
In this work, for the gray scale image
segmentation problem, heuristic algorithms are
allowed to find the optimal threshold levels (m).

Grey Scale Histogram Based Image Segmentation Using Firefly Algorithm

During the segmentation process, Firefly
algorithm is allowed to enquire the gray
histogram [24] to find the threshold value. The
process may continue till it attains the Jnax Value.
The mean value is taken as an optimal value.

The quality measure of the segmented
image is determined with the help of image
metrics, such as Root Mean Square Error
(RMSE), Peak Signal-to-Noise Ratio (PSNR),
Structural Similarity Index Matrix (SSIM). The
PSNR gives similarity of segmented image
against the original image based on the mean
square error. The SSIM is used to generate the
superiority of image and inter-dependency
between original image and the extracted
images.

Results and Discussion

Grey scale histogram based image
segmentation experiment is implemented in
Matlab R2010a software on an AMD C70 Dual
Core 1GHz CPU, 4 GB RAM running with
windows 8. The optimization is done on the
parameter of firefly algorithm such as image
size, threshold value, number of iterative
function is fixed as 500, maximized objective
function (Jmax). The procedure is repeated
30times till it reaches the threshold value. This
Firefly Algorithm (FA) approach is proposed to
guide the multi-level thresholding process such
as Otsu’s and Kapur’s entropy function for a
threshold level Th={2,3,4,5}. The dimension of
test image 512 x 512 pixel sized Gray level
images are used for segmentation such as
Mandrill, Traffic, Jet, Hunter.

Table 1 depicts the test images and
corresponding grey scale histogram is shown.
Table 2 depicts the segmentation process by
extracted images for Otsu’s function. The same
procedure is repeated for image using FA and
Kapur entropy function for Th = {2, 3, 4, 5} and
the results for kapur’s function are presented in
table 2 and table 4. From table 3 and table 4, we
can observe that NAE, NCC, PSNR, SSIM,
RMSE are obtained with the firefly algorithm.
From the table 3 and table 4, we found that
Otsu’s function is better than Kapur’s entropy
function. To analyse the statistical significance of
the firefly algorithm [15,24], the related results
are obtained in eachtrials. Table 5 ilustrates the
comparative analysis of PSNR, RMSE, SSIM
between Otsu’s function and Kapur function.
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Table 1. Test image and their histogram

Gray scale histogram image
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Table 2. Segmented image for Th = 2 to5
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Table 3. Performance measures with Otsu’s threshold based segmentation

Grey Scale Histogram Based Image Segmentation Using Firefly Algorithm

Level  Optimal Threshold

NAE

RMSE  PSNR(dB)

NCC

SSIM

N

128
97,149
85,124,160
72,106,137,168

Mandrill

0.4733
0.2750
0.2041
0.1553

70.9892
42.4017
32.6979
24.9432

11.1070
15.5831
17.8404
20.1918

0.5965
0.7730
0.8378
0.8764

0.4876
0.7389
0.8117
0.8804

97
90,154
86,130,185
74,104,138,192

Traffic

0.3940
0.3586
0.3187
0.2325

50.9377
43.8841
39.4055
31.3380

13.9900
15.2847
16.2197
20.2094

0.6409
0.6953
0.7448
0.8221

0.4692
0.6331
0.6803
0.7544

154
116,174
95,146,191
87,130,172,202

Jet

0.2111
0.2131
0.1206
0.1013

44.8040
44.8020
30.3729
25.7190

15.1045
15.2045
18.4811
19.9257

0.8061
0.8261
0.9029
0.9295

0.6837
0.6837
0.7390
0.7479

80
51,116
36,86,135
27,65,104,143

Hunter

Ol & WODNOT D WDNOLE WODNOL B~ W

0.3309
0.3109
0.2525
0.2038

32.3192
32.3172
24.5269
19.9311

17.9421
17.9821
20.3379
22.1402

0.7041
0.7161
0.7927
0.8353

0.6115
0.6115
0.7226
0.7847

Table 4. Performance measures with kapur’s entropy based segmentation

Optimal

Threshold NAE

Level

RMSE

PSNR(dB)

NCC

SSIM

108 0.4050

79 143 0.2745
44 98 152 0.1994

3374114
159 0.1654

Mandrill

59.7501

40.2380
29.5905

24.8628

12.6040

16.0381
18.7078

20.2198

0.6272

0.7573
0.8199

0.8495

0.5466

0.7640
0.8447

0.8730

174 0.9151

99174 0.3617
95143 190 0.2401

40 98 143
192 0.2113

Traffic

104.206

45.9649
31.1266

26.5671

7.7729

14.8823
18.2682

19.6439

0.1407

0.6997
0.7681

0.8066

0.0925

0.5873
0.7673

0.8259

160 0.3852

161 179 0.4335
7 43 160 0.3390

7 43111
141 0.3116

Jet

79.0937

84.6285
65.1404

59.5567

10.1680

9.5805
11.8538

12.6322

0.6656

0.5602
0.6830

0.6907

0.5305

0.5157
0.6116

0.6698

99 0.4681

88 176 0.4530
59117 179 0.3138

44 89 133
179 0.2356

Hunter

O W N O AW DN O AW DN O A~WDN

45.5714

43.6737
30.1390

14.9569

15.3264
18.5482

21.1328

22.3821

0.6052

0.6206
0.7458

0.8190

0.4141

0.4508
0.6184

0.7154
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Table 5. Comparative analysis of Otsu and Kapur

Grey Scale Histogram Based Image Segmentation Using Firefly Algorithm

IMAGES OTSU KAPUR OTSU KAPUR OTSU KAPUR
PSNR PSNR RMSE RMSE SSIM SSIM
MANDRIL2  11.1017 12.6041 40.9892 59.7501 0.6576 0.5466
MANDRIL3  17.5831 16.0381 32.4017 40.238 0.7389 0.5764
MANDRIL4 19.8404 18.7078 22.6979 29.5905 0.8117 0.8447
MANDRIL5 22.1918 20.2198 20.9432 25.8628 0.8804 0.7873
TRAFFIC2  13.9219 17.1291 50.9377 72.2016 0.4692 0.3925
TRAFFIC 3  15.2847 14.8823 43.8841 45.9649 0.6331 0.5873
TRAFFIC4  16.2197 18.2682 29.4055 31.1266 0.7803 0.6673
TRAFFIC5  20.2094 19.6439 21.1338 26.5671 0.8544 0.8259
JET 2 15.1045 10.1618 44.8104 79.0937 0.6837 0.5305
JET3 16.3258 11.5805 50.2365 84.6285 0.6837 0.5157
JET4 18.4811 11.8538 30.3729 65.1404 0.739 0.6116
JET5 19.9257 12.6322 50.2365 59.5567 0.7479 0.6698
HUNTER 2  16.9421 14.9569 32.3172 455714 0.6115 0.4141
HUNTER 3  17.2569 15.3264 40.2356 43.6737 0.6115 0.4508
HUNTER 4  20.3379 18.5482 24.5269 30.1391 0.7226 0.6184
HUNTERS5  22.1402 21.1328 19.9311 22.3821 0.7847 0.7154
. erformance  evaluation. Journal  of
Conclusions Electronic Imaging. 2004;13(1):146-65.
In the present paper, multi-level [3] Tuba M. Multilevel image thresholding by

thresholding image segmentation technique
based on gray scale histogram image using
Firefly Algorithm and Otsu’s / Kapur’s function.
This method finds the optimal thresholds for the
tested image based on the Th value by
maximizing Jmax. The segmentation process is
validated using an otsu’s and Kapur’s function
for both qualitative and quantitative analysis of
image segmentation, includes the performance
measurement, such as Objective function, NAE,
RMSE, PSNR, NCC and SSIM. The simulation
result proved that the Otsu’s thresholding is
better than the kapur’s function. An Otsu
thresholding gives a better PSNR value than the
kapur’s function and RMSE value of thresholded
image is reduced more in Kapur’s function than
the Otsu’s method.
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