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Efficient Image Compression Technique Based
On Vector Quantization Using Social Spider
Optimization Algorithm

Hema Rajini N

Abstract: In past few decades, Linde Buzo Gray (LBG) is
considered as an important vector quantization (VQ) technique to
construct local optimum codebook to compress images. Presently,
swarm intelligence based optimization algorithms like firefly
algorithm (FA), particle swarm optimization (PSO) and honey bee
mating optimization (HBMO) are developed to generate a near
global codebook. The FA suffers from the drawback of random
movement in case of the absence of brighter fireflies whereas PSO
becomes instable in case of high particle velocities. Keeping these
limitations in mind, in this paper, we present a social spider (SS)
algorithm which undergoes optimization of the LBG codebook.
The presented SS-LBG approach ensures that the global
codebook will be generated to effectively compress the images.
The proposed SS-LBG method is experimented on benchmark
images and the results are assessed interms of compression
performance as well as reconstructed image quality. The
experimental outcome verified that the SS-LBG shows superior
performance over the compared methods significantly. The
presented method exhibits superior performance with a maximum
compression performance with an average compression ratio
(CR) of 0.44305, space saving (SS) of 55.696, bit rate of 3.60815
and peak signal to noise ratio (PSNR) of 52.86348.

Index Terms: Image compression, LBG, Social spider, Vector
quantization

I. INTRODUCTION

Image compression is a hot research topic because of the
global increase in multimedia applications [1]. At the present
moment, the development of efficient image compression
method with superior compression performance as well as
reconstructed image quality is a very difficult process and
several researches are going on it. Image compression is
intended to communicate an image with least number of bits.
The process of identifying the redundant data in the image,
encoding and transformation forms the basis of image
compression. Most commonly available image compression
method is JPEG. Generally, quantization can be classified
into two ways: scalar and vector quantization (VQ). From
several years, VQ method had been employed for
compressing images.
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Conventionally, VQ is separated into three stages: vector
encoding, vector decoding [2, 3] and codebook generation.
The codebook generation is the highly significant procedure
which determines the VQ performance. The process of
searching the code vectors aims to generate codebook for the
training vectors that are given through the reduction of the
average couple difference among the training vectors and its
respective codewords.

The operations of VQ [4], a vector encoding method
involves the image partitioning into numerous input vectors
and then it is compared along with codebook codewords with
a view to search the nearby code word of every input vector.
Within the codebook index, the VQ usually encode every
input vector. Generally, the codebook size is comparatively
small when compared to actual dataset of images; hence, the
intention of image compression is achieved. Through the
encoded codebook in decoding procedure, the linked
sub-images are retrieved precisely. While every sub-image is
entirely rebuilt, the decoding process is done. Several
researches have derived methods for constructing codebook.
The entire VQ algorithms were divided into two types: (1)
k-means-based and (2) competitive learning-based. In terms
of series of mutual competition procedure, the codebooks
were gained in competitive learning-based techniques [5]. To
reduce a distortion error of choosing an appropriate
codebook, the k-means based methods were modeled. LBG
algorithm [6] is a popular technique; but it follows a
procedure of local search. It has one major disadvantage that
the performance is highly based on primary conditions.

To model the codebook for enhancing the LGB algorithm,
evolutionary optimization techniques had been built. To
construct the codebook design, [7] uses ant colony system
(ACS) method. To demonstrate vector in bidirectional graph
and codebook generation, ACS is used subsequent to
appropriate depositing pheromone mechanism over the graph
edges. Depending on particle swarm optimization (PSO), [8]
projected an enhancement over this. To initiate global best
particle, LBG algorithm outcome was employed through that
it might speed up the rate of PSO convergence. To resolve the
0-1 knapsack problem, [9] projected a quantum particle
swarm algorithm (QPSO). To choose the constraints in
multilevel thresholding [10] used QPSO algorithm. For every
particle, the QPSO method estimates the local points from
gbest and pbest and u and z are the two attributes that modifies
the  respective  particle
position. For VQ, [11]
designed an evolutionary
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PSO-VQ learning method. Depending on the honey bee
mating optimization (HBMO), [12] modeled a novel VQ
technique.

For resolving the drawbacks of the reviewed methods, in
this paper, we present a social spider (SS) optimization
algorithm for the first time to design an efficient codebook
resulting to effective VQ for high compression performance
and also reconstructed image quality. Here, we employ SS
algorithm to construct codebook for image compression. The
SS-LBG method needs to initialize the population and
iteration count as same as other algorithms present in the
literature. SS algorithm offers better exploration of the search
space that leads to optimum construction of codebook. A
detailed comparative study is made with FF-LBG and
CS-LBG interms of different measures.

This paper is planned as below. The fundamentals of LBG
algorithm and VQ are discussed in Section 2. Section 3
presents the method which searches for the optimal codebook
using the SS-LBG algorithm. Performance evaluation is
discussed in in Section 4. Conclusions are presented in
Section 5.

Il. BACKGROUND INFORMATION

A. Vector Quantization

VQ is a method of block coding commonly employed in
image compression. The modeling of codebook is a
significant procedure in VQ. Fig. 1 shows the overall
procedure involved in VQ. The original pixel sized image
isY = {ylj } whereMxM pixels are divided to various nxmn
pixels  block sizes.  Alternatively, input vector
X=(x,i=12,..,N,) holds a collection of

N N

Ny, = [:] bt [:] set and L denoten X n, In L-dimensional
Euclidean space, the input vector x;, x; € R reside and the
L-dimensional code words are comprised by codebook
C = {ci,cz,..,cyr},cj = ";HL"'Q"]' = 1,2,..,Nr_..
Through a row vector X; = (K-l 11}{12;--!}{11,1 each input
vector is denoted as ¢ = (t:jl,z:j2 ,...,ch), that is
demonstrated through codebook's j" codeword. Each input
vector is assigned through VQ methods to relative codeword

for compress images, the codeword would be transformed
through respective input vectors. Through the minimization

of distortion function D, it aims to optimizeC and it defined
as,

1 M N 7
D[C) = Ezjzcizlzhl I"I"l.] ) ”xl - C]ll (1)
Subjected to the limitations of
N .
Ejzfl Wy = 1, vie{1,2,..,N.} 2)
1 ifx is in the jth cluster
L5 ={ l 0 . 3)
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Let LI.-; = le.-; = Uk; k= 1,2,..,L . here Ll{
demonstrates the reduced k™ element in the training vector
and Uy refers the highest of the input vector k™ component.

The ||x refers to the Euclidean distance among
the codeword ¢ and vector X.
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Fig.1. Overall process of VQ

B. LBG algorithm

In 1957, LBG is a scalar quantization method developed by
Lloyd and in 1980 [13], it is universally accepted as VQ. The
processes involved in the LBG are depicted in Fig. 2. To
decide the codebook, it uses two above-mentioned
constraints. Let d refer the distance function, input vector is
denoted as%;,i = 1,2,..,Ny and ¢;(0),j = 1,2,.. N,
refers the initial codewords. To retrieve the optimal
codebook, LBG algorithm uses two conditions repeatedly as
represented below:

e Through the reduced distance rules, segment the input
vector into various groups. The resultant block is
preserved into Ny, X N_ in which U is the binary
indicator matrix that the elements are demonstrated
as

Hij —
{1 ifd(xl,cj(k]) = min,, d(x;,¢, (K))
0 otherwise

(4)

e Recognize each partition centroid. Using any of the
centroid, the existing codewords can be transformed.
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Fig. 2. Flow chart of LBG method

I1l. THE PROPOSED SS-LBG METHOD

The proposed SS-LBG method performs VVQ and the entire
process is depicted in Fig. 3. The basic operation of SS-LBG
is given as follows: Input image undergo partitioning to many
non-overlapping blocks and then quantized by LBG
algorithm for codebook construction. The created codebook
will be trained by the SS algorithm to satisfy the need of the
global convergence and the characteristics of global
convergence rate. Additionally, the SS algorithm has the
property of searching local as well as global codebooks.
Every non-overlapping blocks of the input image is allotted to
a nearest code word of the trained codebook and its equivalent
index number produces an index table. On the receiving end,
the reverse procedure will be initiated. When the index table
is successfully reconstructed by the SS-LBG method, each
reconstructed index and the code words are arranged properly
for regenerating the applied input image with good visual
image quality.
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Fig. 3. Overall process of SS-LBG

Cuevas et al. 2013 [14] modeled the SS algorithm, a
population dependent swarm intelligence algorithm. The
communal web and social members are the two common
spider colony elements. The members in social spider colony
are divided into female and male spiders. While compared
with male spiders, female spiders are higher in count with a
7:3 proportion of the entire colony members. Among other
spiders, female spiders exhibit repulsion or attraction
depending upon the vibrations based on distance and weight
members. Subsequently, the male spiders are segmented to
non-dominant and dominant spiders. Dominant spiders are
the ones which comprise of enhanced fitness function and
remaining are considered as dominant spiders. The mating
procedure is carried out through dominant male and it is
responsible to distribute the data among them. To produce
offspring, the dominant male can mate with one or more
female within a certain range. With optimization problem, SS
algorithm is mapped as follows:

» The search space is denoted by communal web.
» Each separate solution is defined by spider position in
web.
» The solution fitness value is denoted through each
spider weight.
Fig. 4 demonstrates the SS algorithm workflow which
contains four main stages [15]:
« [Initialization,
» Male cooperative operator,
» Female cooperative operator and
» Mating operator

Initialization

Female Male
cooperative operator

¢
~ e ———
s )

!
//‘ \
Mating st
operator Communication
Mechani
7
’,;5:',‘,"—
/1 N\
—

Fig. 4. Workflow of SS algorithm

Population initialization
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initialization of N spider locations (solutions). Male m; and
female fy spiders are present in the whole population. The

entire sum of female spider Nf is selected arbitrarily as

65-90% and is estimated through the below Eq. (6). In Eq. (7),
the entire of sum of male spider N, is estimated.

N; = floor[(0.9 —rand(0,1).0.25).N]

(6)
N,,=N—N; )
Among the p"9" upper initial parameter bound and p"* low

initial parameter, f; refers to the female spider location in an
arbitrary way and is given in Eq. (8):

o = By + rand(0,1). [p}?.“gh —p)7)
(8)

where x = 1,2,..,Nf;j = 1,2, ..., 1. Then, m; refers to

the position of male spider and is arbitrarily formed as given
in Eq. (9).

mi}. = p:f.';'w + rand(0,1). [p;figh — p:f."“']

©)

wherex = 1,2,..,N_;j = 1,2, ..., n.

Fitness value

The solution quality is denoted through every spider weight

and the function rate of each solution i as given in Eg. (10)
_ Hap)—-worsty

w, = o T WO (10)

i bast,— worst,
where fitness value is J(s, )denotes the rate of bestand

warstrepresenting the minimum and maximum solution

rates.

Vibration modeling
The vibrations though communal web is designed as follows.
Through the small vibration implications, the colony
members communicate through communal web. Distance and
weight of the spider which created it are depend on vibrations.
The data is transferred by means of received vibration from
member y by member x and is designed in Eq. (11).

g

V., =w,e %y (11)

iy ¥
Euclidian distance among two spiders x and y are indicated
asdm}.. Among two spiders, three vibration kinds occur and

they are Ve, Vb,., andV'f, . The data transferred among

member ¢(s.) and individual x in Vibe;, i.e. the nearest

member to x with high weight and is given as:

I
Ve, =w_e ~dxc (12)
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The data transferred among the member b(s,) and

individual x is defined subsequently and the good member in
Sis given as

z
—dyp

Vb, = w,e (13)

At the end, data transferred from x is defined as V£, to the

nearest female individual f [Sf) and it can be described as

_ 42
Vf, = wee %xf (14)

Female cooperative operator

Without considering the gender as a factor, female spiders
exhibit repulsion or attraction. The movement of repulsion
and attraction is based on various arbitrary criteria. With the

range [0, 1], the random number ¥, is uniformly produced.

An attraction is produced while 1, is lower when compared

to the threshold PF which is predefined and expressed below.
JG.E + fo-'[sn:'_ }‘;_E} +J'3'F‘b:"{5h - J.E}
+4. (rand — 0.5)with probability PF
fi—aVels.— i) = B.Vb.(sp — fi)
+5. (rand — 0.5)with probability 1 — PF

(15)

frre =

Male cooperative operator

Weight rate is determined by the male spider with respect to
the male population median value. The spider with high
weight is denoted as D and non-dominant ND are the

remaining spiders. Through N, ., the median weight is

indexed. Eq. (16) demonstrates the male spider location.
mt + a.Vibf,.(s; — m})

it — + &.(rand — 0.5)if {“ﬂ'ﬁfﬂ- = WJ“J’ﬁm)

L
mt + a. (E—gv—"r—??;_h_ﬁ o mf)
Iy, wygth
(16)
Mating operator
Commonly, mating occurs among dominant female spiders
and male spider. A female spider groups undergo mating with
male spiders which are dominant within a certain range as

expressed below

7 . high low
I

2.n

T a7)
High probabilities are comprised by the spiders which have
high weight to create off spring. The entire process of
SS-LBG is summarized into five sub processes which are
listed here.

Step 1: At the beginning, the parameters will undergo
initialization ~ where  the
created codebook by LBG
method will be allotted to the
initial solutions, i.e. spiders
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and the remaining set of initial solutions are arbitrarily
generated. Each solution indicates a codebook of Nc
codewords. In addition, the initialization of the parameters
involved in SS algorithm also takes place.

Step 2: After the initialization process, the current best
solution will be chosen by the determination of the fitness of
each location as defined in Eg. (2) and determines the
maximum fitness location as the finest one.

Step 3: Once the present best solutions are derived, new
solutions will be produced in the roaming procedure. If the
dominant male identifies a new location which is effective
than the current one, then it will update the best visited
location.

Step 4: Next, a ranking procedure will be initiated and the
solutions will be ranked depending upon the fitness function
in the subsequent step and chooses the optimal one.

Step 5: Step 2 and Step 3 will be iterated until the stopping
condition is reached.

IV. EXPERIMENTAL ANALYSIS

A. Dataset Description

To examine the proposed SS-LBG method, a detailed
experimental analysis is done to verify the obtained outcome.
To validate the efficiency in many perspectives such as
quality of reconstructed image and compression efficiency,
the projected method is tested on a set of benchmark images.
JPEG2000, CS-LBG and FF-LBG are employed for
comparative analysis. Using the benchmark images namely
Lena, Baboon, boat512, 5.3.01, Brain_tumor_1,
Brain_tumor_2, Brain_tumor_3 and Brain_tumor_4, the
experimental analysis was made. Table 1 gives the dataset
description and Fig. 5 shows the test images used for
experimentation.

f Brain_tumor 2

e. Brain_tumor_1

Retrieval Number: G5259058719 /19©BEIESP

g. Brain_tumor_3 h. Brain_tumor_4

Fig. 5. Test images

Table 1. Dataset Description

Dataset Image Name Dimensions Si;:aglnal
Lena 512*512 263222
Baboon 512*512 263222
Miscellaneous
Boat.512 512*512 262278
5.3.01 1024*1024 | 1048710
Brain_tumor_1 | 225*225 52378
Brain_tumor_2 | 211*239 51746
Brain Tumor
Brain_tumor_3 | 202*249 51874
Brain_tumor_4 | 225*225 52378

363 & Sciences Publication

To examine the outcomes, various metrics were employed
such as compression ratio (CR), Space Saving (SS) and Bit
rate. In addition, the model efficiency is examined by means
of peak signal to noise ratio (PSNR) to assess the image
quality. Figs. 6-8 and Tables 2-4 shows the outcome achieved
by different LBG techniques with respect to CR, SS and bit
rate correspondingly. The rate of bit rate and CR should be
low for enhanced compression efficacy whereas the SS should
be high.

Table 2 and Fig. 6 exhibits the obtained CR on the given
dataset and compared with the conventional methods. The
compared methods exhibit

worst  results over the
SS-LBG. For example,
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JPEG2000 gives poor CR of 0.9577 for the given
Brain_tumor_1 dataset. On the other hand, the projected
SS-LBG exhibits good performance for all the given dataset
and it works well for the test image " 5.3.01". The average CR
achieved by CS-LBG, FF-LBG and JPEG2000 for the entire
data set images are 0.577625, 0.64685 and 0.767525
respectively for. The average CR for projected SS-LBG
method is 0.44305 which implies the enhanced results when
comparing with the conventional methods.

Table 2. Comparative results of SS-LBG interms of CR

Images SS- CS- FF-

(Name) | LBG | LBG | LBg | JPEG2000
Lena | 0.4639 | 05513 | 0.6282 | 0.6797
Baboon | 0.4166 | 0.4859 | 0.5544 | 0.6340
ZBoat'Sl 0.4165 | 05248 | 05671 | 0.6023
53.01 |0.3445 | 05268 | 0.6430 | 0.7288
Brain_t | o 4542 | 0.7216 | 0.7756 | 0.9577
umor_1

Brain_t | 55109 | 06332 | 07112 | 0.9004
umor_2

Brain_t | 4703 | 0.5000 | 06511 | 0.8225
umor_3

Brain_t |, 1655 | 05865 | 0.6442 | 0.8148
umor_4

12

B551BG mC5-1BG wFFLBG mIPEG2000

L
r

Fig. 6. Compression performance analysis interms of CR
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Table 3 and Fig. 7 exhibits the results analysis of the
SS-LBG interms of SS. By means of SS, the rates gained by
the projected SS-LBG method prove that the SS-LBG is
better than other techniques. The SS attained through
SS-LBG is high in all the given dataset. Among all the dataset
especially the test image'5.3.01" is the one which reaches the
maximum space saving rate of 65.5522 by the proposed
SS-LBG method. It is clear from the table that JPEG2000 is
the method which produces low SS rate. For example, for the
given Brain_tumor_1 dataset, 4.23270 is SS rate achieved by
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JPEG2000. And at last, the proposed SS-LBG shows
enhanced results on all the employed test images.

Table 3. Comparative results of SS-LBG interms of SS

Images SS- Cs- FF- | JPEG200
(Name) | LBG LBG LBG 0
Lena 53.6141 | 44.8663 | 37.1758 | 32.0338
Baboon | 58.3420 | 51.4133 | 44.5628 | 36.5953
ZBoat'sl 58.3518 | 47.5175 | 43.2880 | 39.7654
5301 | 655522 | 47.3199 | 357000 | 27.1177
Brain_t | o) sg00 | 27.8418 | 22.4445 | 4.23270
umor_1

Brain_t | 1o 7001 | 36.6811 | 28.8834 | 9.96210
umor_2

Brain_t | o) o668 | 40.9087 | 34.8922 | 17.7546
umor_3

Brain_t | o3 4537 | 41.3494 | 355798 | 18.5173
umor_4

0 m551BG m(CS-LBG FF-LBG m JPEG2000

Space Savings (55)
g & 78 B8

5

g

/ / / f’

S ¢>°‘° S s
Y Y N oy
& o o
Dataset Images

Fig. 7. Compression performance analysis interms of SS

Table 4 and Fig. 8 provide the results analysis of the
SS-LBG interms of bit rate. Based on bit rate, the projected
SS-LBG shows excellent results compared with other
methods like JPEG2000, CS-LBG and FF-LBG. The bit rate
consumed by SS-LBG is very low implying the enhanced
outcome. In general, JPEG2000 requires high bit rate in all
cases because of its lossless nature.

Table 4. Comparative results of SS-LBG interms of Bit Rate

364

Images SS- CS- FF- JPEG

(Name) LBG LBG LBG 2000

Lena 3.7261 4.4288 | 5.0466 | 5.4597

Baboon 3.3463 3.9029 5.0932
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Boat.512 3.3336 | 42007 | 4.5393 | 4.8212 Baboon | 52.3813 | 44.9863 | 42.9134 | 46.9231
Boat.51
5.3.01 27562 | 42150 | 5.1447 | 5.8313 5 52.3876 | 44.2134 | 43.2102 | 46.9245
fra'”—t“mor— 3.7504 | 59725 | 6.4193 | 7.9267 5301 | 54.2865 | 46.2310 | 45.2910 | 47.8765
ZBra'“—t“mor— 42104 | 51978 | 5.8379 | 7.3911 Sr;a(')':—; 54.9876 | 46.7954 | 46.0357 | 53.2172
Erai”—t“mor— 3.8806 | 4.8754 | 53718 | 6.7858 Sr;a(;?—; 50.2763 | 46.2839 | 44.4386 | 51.1411
Erai”—t“mor— 38526 | 48545 | 53321 | 6.7443 Sr;a(;?—; 51.2030 | 46.1168 | 45.1642 | 50.4965
_ _ _ Brain_t | oo 0291 | 47.1966 | 45.8008 | 54.7066
For example, for Brain_tumor_1 dataset, 7.9267 is the bit umor_4

rate achieved by JPEG2000. At the same time, almost equal
performances are exhibited through CS-LBG and FF-LBG.
When compared with all methods, SS-LBG is the only
method which shows good results on all the applied test
images.

q w5586 mC5-LBG FF-LBG  mIPEG2000
8
7
]
2 6
E]
L 5
4
3
2
1
0
2 & ¥ Qr g Y % L
\g,e ‘00 b & I o 4 4
o ‘Bf o @6‘ @6‘ Gﬂ Gﬁ
o of e of
A

Dataset Images

Fig. 8. Compression performance analysis interms of bit rate

Table 5 and Fig. 9 analyzed the obtained results of various
methods interms of PSNR. To analyze the visual image
quality, PSNR value is measured. The results showed that the
projected method is superior where it produces high quality
images for all the applied dataset. On the whole, JPEG2000
produces manageable results. On average, SS-LBG shows
better results over the compared ones. For example, for the
dataset of Brain_tumor_4, it produces the PSNR value of
56.0221 which is high compared with all the other methods.
On the whole, the proposed SS-LBG method is the superior
one over the compared methods.

Table 5. Comparative results of SS-LBG interms of PSNR

Images SS- CS- FF- JPEG
(Name) LBG LBG LBG 2000
Lena 51.2734 | 45.9082 | 43.2019 | 48.9721
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From the above tables and figures, it is confirmed that the
SS-LBG outperforms the other approaches with respect to
compression performance and also visual image quality. This
is due to the usage of SS algorithm to construct the codebook
process. The presented SS-LBG model can be applied to
compress any type of real time images like medical, remote
sensing, and so on.

60 m551BG wmC5-LBG FF-LBG m JPEG2000
g
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3 & 'O' I b ¥ k- ™
f @ ‘, ﬂ”- é/ &/ é/ &
& o A \o&é

o e o Y
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Dataset Images

Fig. 9. Compression performance analysis interms of CR
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V. CONCLUSION

This paper has presented a SS-LBG method for effectively
compress the images. The SS algorithm builds the optimum
codebook and undergoes compression using VQ. The
maximization of visual image quality is attained by the use of
SS algorithm. It is analyzed under every probable variable of
SS to effectively develop the codebooks and training vectors
of VQ. It is noted that the experimental results exhibit better
visual image quality of the reconstructed image in terms of
PSNR over the compared FF-LBG, CS-LBG and JPEG2000.
On average, SS-LBG shows better results over the compared
ones. For example, for the dataset of Brain_tumor_4, it
produces the PSNR value of 56.0221 which is high compared
with all the other methods. It is interesting that the SS-LBG
shows extremely better performance in terms of CR, SS, bit
rate as well as PSNR.
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