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Abstract. In recent days over the internet, the uploading of enormous new images is being made every day,
and they necessitate large storage to accumulate the image data. For the earlier few decades, more analysts have
evolved skillful image compression schemes to enhance the compression rates and the image quality. In this
work, Vector Quantization is used, which uses the Linde–Buzo–Gray algorithm. As a novel intention, the
codebooks are optimized by an improved optimization algorithm. In this approach, the database image is ﬁrstly
separated into a set of blocks, i.e., pixels, and these sets of blocks are referred to as vectors. Then a suitable codeword is selected for each vector such that is the closest representation of that input vector. The encoder
generates a codebook by mapping the vectors on the basis of these code words, and the compression of the
vectors takes place. The encoder then sends a compressed stream of these vectors by pointing out their indices
from the codebook to the decoder through a channel. The decoder then decodes the index to ﬁnd out the
compressed vector and places it on the image. For attaining a better image compression effect, the codebook is
optimized using the Best Fitness Updated Rider Optimization Algorithm. The optimization of codebooks is done
so that the summation of the compression ratio and the error difference between the original and decompressed
images has to be minimized. Moreover, the proposed model is scruntized with other existing algorithms, and the
experimental outcomes are validated.
Keywords. Image compression; vector quantization; Linde–Buzo–Gray; codebook; rider optimization
algorithm; ﬁtness.

1. Introduction
Image compression [1–3] is considered as the progression
of minimizing the byte size in a graphics ﬁle in spite of
weakening the quality of image to a detrimental level.
The ﬁle size minimization thus authorizes more images
to be accumulated around the disk or memory space in
speciﬁed amount. The time needed for the transmission
of image around the Internet or downloaded from Web
pages is as well minimized [4–6]. Various novel
approaches are in the literature for the image ﬁles to be

*For correspondence

compressed. Typically, more used image formats for the
compressed graphic in the internet are GIF format and
the JPEG format. We all know that the JPEG model and
GIF images are commonly facilitated for images and,
line art erstwhile images, respectively, wherein the geometric shapes are fairly easier [7–10].
The typical categorization of image compression
techniques are mainly of two types, (a) Lossy Compression and (b) Lossless Compression. The compression
of text ﬁle or program can be made to a particular extent
only and is exploited as lossless compression. On
exceeding this threshold, errors may occur [11]. The
redundancy is used by the Lossless image compression
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techniques with no loss of data [12, 13]. As a result,
there seems a close similarity among the data stream
earlier to encoding and successive to decoding, and has
not noted any deformation in the restoration quality. Both
the lossy and lossless compressions are two diverse
processes, which are reversible to one another [14, 15].
Different from lossless image compression, in restoration
phase, the lossy image compression models experience
quality loss because of its data loss. Comparatively, the
distortion of image into series of symbols is initially
exploited in lossy image compression, wherein quantized
to a discrete sequence of acceptable levels [16–18].
The other methods for image compression [19–21] consist of the wavelets and fractals schemes. These techniques
have not attained extensive application on the Internet. On
the other hand, both schemes proffer assurance, since they
present a higher compression ratio when compared with the
GIF or JPEG models for certain kinds of images. An
additional novel technique, which replaces the GIF format,
is the PNG format. Fireﬂy algorithm had been utilized for
all types of noisy image [22, 23]. In program and text ﬁles,
it is essential that compression [24–26] be lossless as a
particular error can critically break the denotation of a text
ﬁle, or make a program not to run. For this cause, graphic
images could be compressed more than programs or text
ﬁles [27, 28].
The major contribution of this research work is elucidated as follows.
1. This work exploits the Vector Quantization (VQ)
concept that uses the Linde–Buzo–Gray (LBG) model
for image compression.
2. Here, the database image is initially split into a set of
blocks. Subsequently, an appropriate code word is
chosen for every vector, which is the closest representation of that input vector.
3. For an improved image compression effect, the code
word generation in LBG-based VQ is optimized by the
proposed Best Fitness Updated Rider Optimization
Algorithm (BFU-ROA) model.
4. The optimization of codebooks should be done so that
the summation of the compression ratio and the difference among the decompressed and original images
should be minimal.
5. To the end, the implemented BFU-ROA model regarding
performance is compared with other classical models,
and its enhancement is conﬁrmed through the valuable
performance analysis.
The paper is organized as follows. Section 2 analyzes the
literature works done on the contributed papers. Section 3
describes the LBG-based vector quantization for image
compression and section 4 portrays the initial codebook
optimization by proposed BFU-ROA. In addition, section 5
presents the outcomes with discussions and in section 6 the
conclusions are provided. .
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2. Literature review
2.1 Related works
In 2019, Pang et al [1] have investigated the QDCT, which
was much proﬁcient than its traditional counterparts with
respect to intricacy. In addition, the adopted QDCT was
exploited to build up and recognize a quantum image
compression method. The introduced compression model
carries out a search to ﬁnd out the most considerable
evaluated DCT coefﬁcients, which was attained from
Grover’s approach. Therefore, the introduced model could
compute the DCT coefﬁcients concurrently by deploying
two predictions. The assessment of the adopted
scheme moreover indicates that the implemented
scheme was better over the other classical models. Thus,
the efﬁciency of the proposed approach over traditional
schemes has been validated.
In 2017, Ferda et al [2] have established an approach
based on the ‘‘Tchebichef psychovisual’’ threshold in order
to produce the best image waveform’s bits-budget. In
image compression, this bits-budget was modeled to restore
the major part of quantization tables. The investigation
outcomes demonstrated that the established model can
develop the visual features of image outcome in a better
way. The visual image quality generates reduced artifact
impacts and deformation of pixels in the image. Accordingly, a group of bits-budgets offers outstanding development in the quality of the image with reduced bit lengths.
Finally, the adopted approach was assessed and promising
investigational results were attained when distinguished
with the traditional structures.
In 2018, Swalpa et al [3] have presented a new approach
for computing the afﬁne constraints of fractal encoding to
minimize its computational complication. An uncomplicated but proﬁcient estimation of the scaling constraint was
obtained that gratiﬁes the entire features essential to attain
convergence. It permits to replace the costly procedure with
an uncomplicated distribution of two integers. Furthermore,
a customized HV block partition system was adopted, and
several novel paths to develop the encoding period and
decoded superiority, over their traditional models. From the
analytical outcomes, it was conﬁrmed that the adopted
technique attains better performance identical to the traditional fractal dependent image compression models, in a
reduced duration.
In 2017, Tahar et al [4] have exploited an enhanced EZW
model for attaining a better compression performance with
respect to bit rate and PSNR for lossless and lossy image
compression, correspondingly. For minimizing the count
scanning and symbol duplicates of the prevailing EZW; the
adopted system exploits a novel noteworthy symbol map
that was symbolized in a more proﬁcient manner. In addition, the adoptedmodel was developed for attaining a
scalable image coding by deploying the interdependency of
color planes efﬁciently. Finally, simulation results reveal a
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noteworthy performance of the adopted scheme over the
traditional EZW and other enhanced models in terms of
both subjective and objective principles for various compression schemes.
In 2016, Bin et al [5] have implemented DTT and MF
theory, and then the N9N DTT matrix was factorized into
N?1 SERMs with least rounding errors. Regarding the
reality, for proﬁcient lossless image compression, a narrative technique known as iDTT was established to accomplish integer to integer mapping. In addition, a sequence of
experimentations was performed, and the outcomes
demonstrated that the implemented iDTT scheme not only
includes a superior compression rate than iDCT system,
however it was well-suited with the extensively deployed
JPEG standard.
In 2017, Turcza and Mariusz [6] had introduced a
novel near-lossless scheme in WCE for proﬁcient energy
image compression. The modeled compressor functions
on data directly from the CMOS image sensor with the
Bayer CFA. On deploying the established methodology,
the exploited compressor attains reduced BER and
advanced quality of the image when distinguished with
more conventional models. On considering the characteristic WCE images, the compression rate was 3.9,
whereas the PSNR was 46.5 dB that reminds increased
image quality was attained. Finally, it was illustrated that
the presented system increases the overall exactness of
the adopted scheme on varied data sets.
In 2015, Zhiyong et al [7] have adopted a technique that
relies on ROI for improving the compression rate. The
image was ﬁrstly separated as two regions as (i) ROI and
(ii) non-ROI. The designated portions of ROI was then
employed with Lossless compression approaches, comprehensively, the erstwhile regions of the image was facilitated
with other algorithms. At last, the modeling of group of
experimentations was exploited for computing the adopted
compression technique’s efﬁcacy. Accordingly, the experimental outcomes demonstrated that the adopted system has
providedsuperior outcomes than other existing approaches.
In 2016, Chaurasia and Vaishali [8] have established fast
fractal compression methodologies depending on feature
extraction and pioneering approach for image evaluation. In
the adopted model, the complication of the appropriate
domain search was minimized by converting the issue to
the vector domain from the image domain. Moreover, the
developed methodology was examined, which in turn
conﬁrmed its efﬁciency when evaluated with conventional
schemes.
(a) Meta-heuristicsbased compression algorithms
In 2018, Karri Chiranjeevi and Uma Ranjan Jena [29]
developed CS meta-heuristic optimization approach which
optimizes the LBG codebook using the levy ﬂight distribution function that follows the Mantegna’s algorithm
rather than the Gaussian distribution.

Page 3 of 15

232

In 2017, Kumar et al [30] worked on the effectiveness of
the VQ, which relies on the suitable codebook. In this work,
they tried hadhybrid approach for the LBG with BAT
optimization approach that creates a suitable codebook. The
optimization algorithm was used not only for design of
codebook but also for the selection of the codebook size.
In 2018, Fonseca et al [31], developed a novel VQ
codebook design approach based on swarm clustering. This
approach was on the basis of the FSS algorithm. The FSS
was embedded in LBG approach as a swarm clustering
algorithmnamed FSS-LBG.
In 2019, Santosh Kumar and Venkata Ramanaiah [32]
developed a novel image compression method exploiting
hybrid Jaya–Lion mathematical algorithm that was processed in several sequences of progressions. Here, the
image segmentation was handled using the Adaptive ACM
that separates or segments the image into two regions such
as ROI and non-ROI.
In 2020, Mohamed El-Tokhy [33] worked on the OCR of
neutron and X-ray radiography images with least decomposition distortion. Here, ABC and ﬁreﬂy optimal methods
were exploited in conjunction with the developed image
encoding/decoding as well as decomposition/decompression approaches.
In 2019, Abdulrahman Alturki and Abdulrahman
Alrobaian [34], introduced Fireﬂy optimization methodon
the basis of the DCT to decide the optimal ﬁtness value for
all DCT block. While the ﬁtness values werecalculated for
DCT blocks, compression process took place.

2.2 Motivation
Table 1 shows the merits and demerits of methodologies
used in conventional approaches based on the image
compression models. At ﬁrst, the QDCT algorithm was
developed in [1], which offers is proﬁcient, and it computes
the DCT coefﬁcients concurrently. However, it needs
contemplation on varying degrees. Tchebichef psychovisual algorithm was facilitated in [2] that offers excellent
bits-budget and minimizes the artifact impacts, but it is
challenged to produce optimal outcomes. In addition, the
HV Block partition system approach was elucidated in [3]
that offered reduced duration, and it offers the uncomplicated distribution of two integers. However, it has to focus
more on fractal coding. Likewise, the EZW scheme was
exploited in [4], which offers a reduced bit rate, and it also
offers enhanced PSNR, the ﬁlter bank has to be chosen
more carefully. Also, MF theory was employed in [5],
which offers a superior compression rate, and it also provides proﬁcient lossless image compression; however, it is
complex due to the requirement of lookup tables.WCE
algorithm was explicated in [6] that offered enhanced
compression rate and improved PSNR, yet, it includes
manufacturing and designing complexities. ROI was
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Table 1. Merits and demerits of image compression models using diverse techniques.
Author [citation]

Adopted methodology

Features

Challenges

•Much proﬁcient
•Needs contemplation on varying degrees.
•Compute the DCT coefﬁcients
concurrently
Ferda et al [2]
Tchebichef psychovisual
•Excellent bits-budget
•Challenge to produce optimal outcomes
•Reduced artifact impacts
•Have to focus more on fractal coding
Swalpa et al [3] HV Block partition system •Reduced duration
•Uncomplicated distribution of
two integers
Tahar et al [4]
EZW model
•Reduced bit rate
•Filter bank has to be chosen more carefully.
•Better PSNR
•Complex due to the requirement of lookup tables
Bin et al [5]
MF theory
•Superior compression rate
•Proﬁcient lossless image
compression
Turcza and MariuszWCE
•Enhanced compression rate
•Manufacturing and designing complexities.
[6]
•Improved PSNR
Zhiyong et al [7] ROI
•Better efﬁciency
•Requires contemplation on real-time applications
•The high degree of compression
FIC model
•Domain search was minimized •High spatial resolution.
Chaurasia and
Vaishali [8]
•Reduced complexity
Chao et al [1]

QDCT

implemented in [7], which offers improved efﬁciency, and
as well as gives a large degree of compression rate, but this
approach requires deliberation on real-time applications.
Moreover, the FIC models algorithm was suggested in [8]
that provide reduced complexity, and the domain search
was minimized. However, it includes more spatial resolution. Hence, these challenges are need to be taken in the
future works for enhancing the image compression models
regarding effective performance in the present work.

3. LBG-based vector quantization for image
compression
3.1 Vector quantization
Effective lossless and lossy compressions schemes can be
attained by forming a single block (Grouping and encoding
outputs of source). The blocks are viewed as vectors, and
thus, it can be termed as ‘‘VQ’’ and it is a ﬁxed to a ﬁxedlength method based on the principle of Block Coding’’.
LBG has adopted a VQ modelling approach depending on a
training model. The exploitation of the training sequence
avoids the necessity for multidimensional integration,
which is regarded as a major issue in modelling of VQ
[1, 3]. Every VQ code word indicates a particular sample of
source output. On considering input samples of longer
sequences, it is feasible to take out the conﬁguration in the
source code output. Encoding sequences of samples offers a
more proﬁcient code even if the input is arbitrary. It is more
beneﬁcial in the lossy compression model as well. ‘‘Beneﬁcial’’ addresses the lower rate of distortion and ‘‘rate’’

indicates the average count of bits for each input sample,
and distortion measures may usually be the SNR and MSE.
The concept that output encoding sequences could offer a
beneﬁt over the encoding of individual samples was conﬁrmed by considering longer input sequences. This
addresses that a VQ approach, which works with blocks or
sequences of output, would offer certain performance
developments.
VQ is performed in 3 phases- (a) encoder, (b) channel
and (c) decoder, whose diagrammatic demonstration is
revealed in ﬁgure 1. It comprises of three blocks, where,
everyone includes a varied working model. Encoder section
denotes ‘‘block 1’’ that comprises of image vectors production, indexing, and codebook production. Image vectors
are produced by partitioning the input image into nonoverlapping and instant blocks. Production of a proﬁcient
codebook remains the most important task in VQ. It
involves a set of code words, whose size is equivalent to the
size of the non-overlapping block. A scheme is considered
a better one if its produced codebook is proﬁcient. Following the successful production of the codebook, every
vector will be indexed with an index number taken from the
index table. These numbers are conveyed to the receiver.
The indexed numbers are conveyed to the receiver through
‘‘block 2’’. The decoder section includes ‘‘block 3’’ that has
reconstructed the image, codebook, and index table. With
the help of the receiver index table, the attained indexed
numbers are decoded. The codebook at the transmitter and
receiver is almost the same. The received index numbers
are allocated to its respective code words and they are
arranged such that, the size of the input image is similar to
that of the reconstructed image.
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Figure 1. Process of encoding and decoding in Vector Quantization.

3.2 LBG algorithm
The LBG approach is an iterative model that necessitates an
initial codebook, to begin with. Here, the generation of the
codebook is done by means of a training set of images [5],
where the set indicates the different kinds of images, which
has to be compressed. This codebook (initial) is attained by
the ‘‘splitting method’’ in the LBG model. In this technique,
an initial code vector is ﬁxed as a mean of all the training
sequences and is then divided into two. The iterative model
is run with the two vectors as an initial codebook, and the
last two code vectors are divided into 4, and the procedure
is continued till the required count of code vectors is
attained [1]. The compression model could be analyzed by
speciﬁc performances namely, compression rate, PSNR [2].
The group of points at quantizer output is termed as
codebook of the quantizer and the procedure of locating
these output points is known as ‘‘codebook design’’.
LBG technique is portrayed in the following steps.
1. Begin with an initial set of reconstruction valn
o
ðoÞ W
ues Ri
. Assign iterationp ¼ 0,H ðoÞ ¼ 0. Choose a
i¼1

threshold2.
2. Discover areas of quantization as per Eq. (1).

ðpÞ

Vi





¼ U : hðU; Ri Þ\h U; Rj 8j 6¼ i j ¼ 1; 2::M
ð1Þ

3. Evaluate distortion as per Eq. (2).
H

ðpÞ

2
W Z 
X

ðpÞ 
¼
U  Ri  fxðUÞdU
i¼1

ð2Þ

ðpÞ
Vi

ðH ðpÞ H ðp1Þ Þ
4. If
\ 2, terminate or continue.
H ðpÞ

n
o
ðpÞ W
5. p ¼ p þ 1. Discover novel construction values Ri
,
i¼1
n
o
ðp1Þ
. Continue step 2.
which are the centroids of Vi
This scheme forms the root of the majority of VQ
models. It is commonly identiﬁed as the LBG approach.
The initial codebook for a two level VQ could be attained
by incorporating the output point for one level quantizer
and a 2nd output point is attained by summing up a predetermined perturbation vector. Further, the LBG model
was deployed to attain the two levels VQ. The two codebook vectors are exploited to attain the initial codebook for
a 4 level VQ when the algorithm converges. This initial 4
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level codebook comprises two codebook vectors from the
last codebook of two levels VQ and the other two vectors
are attained by summing up to the two codebook vectors.
The LBG model was deployed till this 4 level VQ converges. Like this, the levels are doubled till the optimal
count of levels is reached. The approach is sustained until
the distortion goes below a certain small threshold.
The size of the codebook is raised exponentially with the
rate of VQ, which in turn increases the quality of reconstruction; however, the encoding time rises owing to the
rise in the computations necessary to discover the nearby
matches. On incorporating the last codebook of the preceding phase at each division, it could be assured that the
codebook after dividing will be good as the codebook
previous to dividing.

4.3 Rider optimization algorithm
The conventional ROA [35] is the ﬁctional computing
optimization algorithm via imaginary concepts and facts.
Typically, ROA is dependent on four set of Riders, moving
over an identical target to win the chase. The amazing idea
concerning ROA is about the improved ROA performance
with reduced optimization time, thus performing better than
the other artiﬁcial computing and meta-heuristic
optimizations.
Initialization: The rider’s place is initiated as given by
Eq. (5), wherein, Z s ðg; hÞexplicates the location of pth rider
ats. The count of total co-ordinates and riders are expressed
asYandX. The bypass, followers, over takers, and attackers
riders are stated asB, F, G and A as per this model.
Z s ¼ fZ s ðg; hÞg;

4. Initial codebook optimization by the proposed
BFU-ROA
4.1 Codebook optimization
In the conventional image compression model, the codebooks are generated randomly, however, in the proposed
scheme; the codebooks are generated optimally by
exploiting an enhanced optimization model called BFUROA. Thus, an optimal codebook can be generated as
indicated by ﬁgure 2, wherein, n indicates the count of
generated codebooks.

4.2 Objective model
The objective model of the proposed BFU-ROA-based VQ
for image compression is to minimize the compression rate
and accordingly, the error difference between the decompressed image and original image has to be minimized as
shown by Eq. (3). In Eq. (3), E indicates error difference
amongst the decompressed and original images, and CI
denotes the compression ratio.
Min ¼ E þ CI
CI ¼

C1

C2

ð3Þ

Size of Compressed image
Size of original image

C3

C4

......

Figure 2. Codebook Encoding.

Cn

ð4Þ

Z

ð1  g  X Þ;

ð1  h  Y Þ

ð5Þ

Let the angle related to the vehicle’s position, steering,
and coordinate of the gth rider is assumed as hg , Ng;s h and d.
In addition, the vehicle coordinates, namely, brake, gear,
and accelerator of gth rider are represented as rg , Qg and
ag in that order. The value of gear Qg gains amongst 0 and 4,
but the brake values rg and accelerator ag intercept among 0
and 1.
Computing the success rate: The updating is made for
the rider’s success rate, so that rider having maximum
achievement is announced as the primary or superior rider,
relies on whose another rider update oneself. The technique
is distanced from local convergence that may be the
attacker effect and on the other hand, the overtaker takes
the responsibility of global convergence. At ﬁrst, for
reaching the target, the riders go through the efﬁcient random initialization. Besides, the multidirectional search
space is formulated by the follower among the leader.
Similarly, the success rate is exploited by the overtaker and
picks on the optimal dimensional space regarding a directional indicator that attires the optimization at the point of
terminal convergence.
Update the leading rider position: The announcing of
leading rider is exploited as per the rider’s success rate, and
the one who leads takes on the position of leader. The rider
that closely nearer to the destination is the leader and the
leader rider location is the changing sequence that relies on
the time. Owing to this, the whole rider’s success rate is
evaluated and at the iteration end, the leading rider is
announced.
Model of the riders’ position: Riders are of four stages:
bypass rider evades the top path for getting the designation,
the leader’s path is followed by follower, overtaker takes on
the individual path for getting the designation, and attacker
sustains the leading rider’s position. a predeﬁned policy
was chased by every rider for reaching the designation and
is made by efﬁcacy managing of brake, accelerator, gear
and steering of the vehicle. Regarding these constraints, the
position of rider that chases the predeﬁned policy is altered
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and this process goes on till soff off-time. The update of
bypass rider is facilitated as in Eq. (6).
h
i
s
s
Zg;sþ1
ð6Þ
h ðBÞ ¼ b Zc; h  a ðhÞ þ Zg; h  ð1  a ðhÞÞ
In Eq. (6), an number that arbitrarily falls amongst 0 and 1 is
stated as b, gexplicates the number that arbitrarily lies amongst
1 and X, and cdenotes the number that arbitrarily acquiring the
values between 1 and X. Concurrently, v declares the number
that arbitrarily having the range 0 and 1 of ð1  Y Þ size. As a
result, the rider’s updating location is made at the individual’s
iteration break for ensuring the winner. Additionally, the
update of follower’s location is done as per the winner for
reaching the designation and that is expressed by Eq. (7).
Herein, leaders’ position be Z L , b denotes the coordinate
selector, Ng;s b elucidates the gth rider’s steering angle in bth
coordinate, L explicates the index of leader, Z L ðL; bÞ, and
osg evaluates the distance enclosed by gth rider.
h 

i
s
L
s
L
Zg;sþ1
ð7Þ
h ðF Þ ¼ Z ðL; bÞ þ cos Ng; b  Z ðL; bÞ  og
In [35], the rider enclosed a distance which is computed
by multiplying velocity and soff and is evaluated in Eq. (8).


osg ¼ vsg  1 soff
ð8Þ
Regarding the coordinate selector, success rate and
direction indicator, the over taker’s position with respective
update is made as per Eq. (9). Herein, Igs demonstrates the
gth rider’s directional indicator ins and Zg;s b represents the
gth rider’s position in bth coordinate. Eq. (10) is measured
as the consequence of success rate.
h
i
s
s
L
ð9Þ
Zg;sþ1
b ðOÞ ¼ Zg; b þ Ig  Z ðL; bÞ
"

Igs

#
2
  1
¼
1  log Fg
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Update the position of rider constraints at the close:
At the iteration end, the update of rider constraints is made
and thus the desired solution is determined. As a result, the
constraints that needs to be updated comprises the ride offtime, accelerator, steering angle, brake and gear along with
the activity counter, and at the iteration end, these constraints get updated.
Termination: The optimization phases are iterated till
the close, within which the leading rider could be discovered. The pseudo-code of the existing ROA scheme is
portrayed in Algorithm 1.
Algorithm 1:TraditionalRider Optimization Algorithm [35]
Input: rider’s arbitrary positions, Z τg , b
Output: Leading rider, Z L
Dispense the population
Dispense the constraints of rider
Evaluate the success rate
While, τ < τ off
for g = 1 to X
Update bypass rider’slocationas per Eq. (6)
Update follower’slocation as per Eq. (7)
Update the over taker’slocation as per Eq. (9)
Update attacker’slocation as per Eq. (11)
Grade the riders regardingthe success rate
Picks on the rider with a larger success rate as leader.
Update the rider constraints
Return Z L
τ = τ +1

ð10Þ

In Eq. (9), Fg explains the gth rider’s success rate at s and
amongst X riders, the greater success rate is reported, in
which the value falls under the interval 0 and 1. The
coordinate selector evaluation is dependent on the locations
variation of leading rider and gth rider. Otherwise, the
intension of attacker is to arrive at the designation chasing
the leader with the identical position update of follower.
The attacker’s location is evaluated by Eq. (11).
h 

i
s
L
s
L
Zg;sþ1
h ð AÞ ¼ Z ðL; bÞ þ cos Ng; b  Z ðL; bÞ þ og
ð11Þ
Re-evaluate the success rate: According to the individual rider’s success rate, the locations of rider get updated
and the rider is updated as leading one in accordance to
their higher success rate.

end for
end while
End

4.4 Proposed BFU-ROA algorithm
In the conventional ROA method, the bypass rider positions, follower position, overtaker position and attacker
position are updated without ﬁnding the best solutions,
however, in the implemented approach, the ﬁtness of all
solutions are computed and the best ﬁtness solutions are
determined. Accordingly, the positions of B, F, G and A are
updated based on the ﬁrst best, the second best, third-best,
and fourth-best solutions, respectively. As the entire solutions are updated based on ﬁtness, the adopted technique is
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explicated as the BFU-ROAmodel. The pseudo-code of the
implemented BFU-ROA scheme is highlighted in
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Algorithm 2, and the corresponding ﬂowchart is given in
ﬁgure 3.

Algorithm 2: Proposed BFU-ROA
Input: Random positions of riders, Z τg , b
Output: Leading rider, Z L
Dispense the population
Dispense the constraints of rider
Evaluate the success rate
While, τ < τ off
for g = 1 to X
Calculate fitness of all solutions
Find best fitness solutions
Update bypass rider location for first best
solutions using Eq. (6)
Update follower location for second best
solutions using Eq. (7)
Update over taker location for third best
solutions using Eq. (9)
Update attacker location for remaining best
solutions using Eq. (11)
Grade the riders regarding the success rate
Picks on the rider with a larger success rate as
leader.
Update the rider constraints
Return Z L
τ =τ +1

end for
end while
End

5. Results and discussions
5.1 Simulation procedure

Figure 3. Flow chart of the proposed BFU-ROA model.

The adopted BFU-ROA-based VQ for image compression
was experimented in MATLAB, and the respective outcomes were obtained. In this experimental study, the
database considered for image compression consists of
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Figure 4. Sample images for original and decompressed images (a) Texture image, (b) Nature image, (c) Medical image, (d) Satellite
image and (e) Miscellaneous image.

ﬁve data set including Texture image set (type 1 image),
Nature image set (type 2 image), Medical image set (type
3 image), Satellite image set (type 4 image), and Miscellaneous image set (type 5 image). The texture images
were downloaded from ‘‘(http://www-cvr.ai.uiuc.edu/
ponce_grp/data/: access data 2019-06-11)’’, medical
images were downloaded from ‘‘(http://www.ultra
soundcases.info/case-list.aspx?cat=26:
access
date
2019-06-11)’’, satellite images were manually collected,
natural images were downloaded from ‘‘(http://www-cvr.

ai.uiuc.edu/ponce_grp/data/: access data 2019-06-11)’’,
and miscellaneous images were downloaded from two
links ‘‘(http://vismod.media.mit.edu/pub/VisTex/, https://
sites.google.com/site/dctresearch/Home/content-basedimage-retrieval: access data 2019-06-11)’’. The analysis
was held to examine the compression ratio and error
between the original and decompressed images. For the
analysis purpose, the proposed BFU-ROA was compared
with conventional schemes such as FF [36], PSO [37],
GWO [38], WOA [39] and ROA [35] algorithms. The
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Table 2. Parameter value of the proposed method and conventional methods.
PSO
Number of iterations=100
Number of particles=200
Cognitive factor=1.4
Social factor=1,4
Inertia weight=0.9*0.4
Random variables=[0,1]
-

GWO
Number of iterations=100
Population size=200
Random numbers =0,1
-

WOA
Number of iterations=100
Number of whales=20
a=2 to 0
Random numbers=[0,1]
-

Proposed Model
Number of iterations=100
Number of gears=5
Qg = 0 and 4
rg = 0 and 1
ag = 0 and 1
b= 0 and 1
c=1 andX
g= 1 andX
v=0 and 1

55% improved than ROA algorithms. Thereby the betterment of the implemented BFU-ROA method has been
proved successful.

5.3 Error analysis
The error analysis of the proposed BFU-ROA approach for
enhanced image compression is given in ﬁgure 4 with
respect to varying weights. Eq. (8) shows the distance
formula used for updating the bypass rider. For analysis
purposes, the distance is multiplied with a weight function,
as shown in Eq. (12).
L
Zg;sþ1
ðL; bÞ
h ðF Þ ¼ Z h

i


þ cos Ng;s b  Z L ðL; bÞ  osg  weight

Figure 5. Compression ratio analysis of the Implemented and
Classical models.

analysis was held for the proposed and conventional
scheme regarding error measures such as SMAPE,
RMSE, MEP, MAE, and MASE for ﬁve types of images.
The sample images considered for image compression
and the decompressed images based on proposed and
conventional algorithms are shown in ﬁgure 4. Table 2
summarizes the parameter value of the proposed and
conventional models.

5.2 Analysis of compression ratio
The analysis of compression ratio for the proposed BFUROA-based LBG is given by ﬁgure 5. From the analysis,
for type 1 image, the presented BFU-ROA scheme is
61.11%, 61.11%, 22.22%, and 70.83% better than FF,
GWO, WOA and ROA algorithms. Likewise, for type 2
images, the offered BFU-ROA method is 48.15%,50%, and
61.11% superior to FF, GWO, and ROA algorithms. In the
same way, the proposed scheme for type 4 image is 60.87%
improved than FF, 12.5% improved than PSO, 40%
improved than GWO, 35.71% improved than WOA and

ð12Þ
In this analysis, the weight function is varied from 0.2,
0.4, 0.6, 0.8, and 1. From ﬁgure 6(a), at weight 1, type 1
image is 0.75% and 1.51% better than type 5 image and
type 4 image. From ﬁgure 6(b), for SMAPE, at weight 1,
the type 2 image is 8.06%, 7.56%, and 6.04% better than
type 2 images, type 3 image and type 4 image. On considering ﬁgure 6(c), for MASE at weight 0.8, the type 5
image is 6.52%, 7.06% better than type 3 image and type 4
image. In addition, from ﬁgure 6(d), at weight 1, MAE for
type 1 image is 5.74% and 3.25% better than type 2 image
and type 4 image. Likewise, from ﬁgure 6(e), at weight 1,
MAE for type 5 image is 4.29% and 3.1% better than type 2
image and type 4 image. From ﬁgure 6(g), at weight 1,
MAE for type 5 image is 14.94% and 10.34% better than
type 2 image and type 4 image.
The overall error analysis regarding image compression
model that based on the proposed BFU-ROA is given in
tables 3 to 7 for ﬁve types of images. From table 3, the
presented scheme in terms of MEP is 2.65%, 2.69%,
2.71%, 2.69%, and 2.67% FF, PSO, GWO, WOA, and
ROA algorithms. The adopted scheme in terms of SMAPE
is 0.5% superior to all the compared algorithms. Likewise,
the presented model in terms of RMSE is 1.01%, 0.99%,
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Figure 6. Error analysis of the Implemented and Classical models by varying weights (a) MEP, (b) SMAPE, (c) MASE, (d) MAE,
(e) RMSE, (f) One norm, (g) Two norm and (h) Inﬁnity norm.

0.98%, 0.99%, and 1.002% improved than FF, PSO, GWO,
WOA, and ROA algorithms. Furthermore, from table 4, the
implemented scheme for type 2 image with respect to MEP

is 2.09%,2.13%, 2.18%, 2.15% and 2.14% improved than
FF, PSO, GWO, WOA, and ROA algorithms. Similarly, the
MASE of adopted scheme is 18.76%,19.34%, 20.39%,
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Table 3. Error analysis of the Implemented and Classical approaches for type 1 image.
Methods
MEP
SMAPE
MASE
MAE
RMSE
One norm
Two norm
Inﬁnity norm

FF [36]

PSO [37]

GWO [38]

WOA [39]

ROA [35]

BFU-ROA

26821
1.9844
15.151
115.89
120.66
7.599106
30888
177.49

26811
1.9844
15.033
115.87
120.64
7.599106
30885
177.25

26805
1.9844
15.066
115.86
120.63
7.599106
30880
177.06

26809
1.9844
15.152
115.87
120.64
7.599106
30884
177.28

26817
1.9844
15.21
115.88
120.65
7.599106
30887
177.55

27531
1.9843
16.957
115.78
119.44
7.599106
30578
164.39

Table 4. Error analysis of the Implemented and Classical approaches for type 2 image.
Methods
MEP
SMAPE
MASE
MAE
RMSE
One norm
Two norm
Inﬁnity norm

FF [36]

PSO [37]

GWO [38]

WOA [39]

ROA [35]

BFU-ROA

27019
1.9866
17.709
105.47
115.7
6.919106
29620
212.14

27009
1.9866
17.623
105.5
115.73
6.919106
29626
212.25

26996
1.9866
17.469
105.47
115.73
6.919106
29627
213.59

27004
1.9866
17.852
105.44
115.64
6.919106
29603
210.98

27007
1.9866
17.636
105.37
115.56
6.919106
29585
209.12

27585
1.9861
21.032
102.53
108.37
6.729106
27744
152.42

Table 5. Error analysis of the Implemented and Classical approaches for type 3 image.
Methods
MEP
SMAPE
MASE
MAE
RMSE
One norm
Two norm
Inﬁnity norm

FF [36]

PSO [37]

GWO [38]

WOA [39]

ROA [35]

BFU-ROA

27027
1.9843
16.119
103
112.17
6.759106
28716
189.06

27021
1.9844
16.121
103.11
112.72
6.769106
28856
199.94

27011
1.9843
16.129
103.07
112.57
6.759106
28818
197.28

27013
1.9843
16.144
102.99
112.16
6.759106
28713
188.85

27030
1.9844
16.298
102.64
111.74
6.739106
28605
198.68

27754
1.9838
18.087
101.26
109.12
6.649106
27934
170.71

ROA [35]

BFU-ROA

Table 6. Error analysis of the Implemented and Classical approaches for type 4 image.
Methods
MEP
SMAPE
MASE
MAE
RMSE
One norm
Two norm
Inﬁnity norm

FF [36]

PSO [37]

26866
1.9843
17.213
102.04
109.73
6.69 9106
28090
179.42

26863
1.9844
17.203
102.16
110.29
6.70 9106
28233
190.48

GWO [38]
26858
1.9843
17.246
102.11
110.13
6.699106
28194
188.53

WOA [39]
26857
1.9843
17.184
102.03
109.72
6.69 9106
28088
179.47

26869
1.9844
17.178
101.72
109.34
6.67 9106
27991
189.26

27468
1.9842
18.211
101.1
107.82
6.63 9106
27603
170.16
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Table 7. Error analysis of the Implemented and Classical approaches for type 5 image.
Methods
MEP
SMAPE
MASE
MAE
RMSE
One norm
Two norm
Inﬁnity norm

FF [36]

PSO [37]

26197
1.9866
18.403
127.17
171.3
8.339106
43853
353.94

26138
1.9866
18.303
127.23
171.36
8.349106
43869
363.04

GWO [38]
26119
1.9865
18.11
124.13
167.25
8.13 9106
42817
323.78

WOA [39]
26088
1.9861
18.848
124.21
167.64
8.14 9106
42916
310.73

ROA [35]
26724
1.9858
20.202
122.76
167.16
8.05 9106
42793
300.55

BFU-ROA
26121
1.9851
19.157
120.87
162.77
7.929106
41670
282.26

Table 8. Statistical analysis of the Implemented and Classical approaches.
Methods

PSO [37]

FF [36]

WOA [39]

GWO [38]

ROA [35]

BFU-ROA

Best
Worst
Mean
Median
Std Deviation

0.0625
0.23761
0.14089
0.16697
0.076613

0.0625
0.25907
0.14265
0.16222
0.082729

0.0625
0.33545
0.13979
0.0625
0.11991

0.0625
0.23371
0.13513
0.12904
0.073689

0.0625
0.23924
0.14886
0.18084
0.081615

0.0625
0.18079
0.12004
0.14152
0.052268

Table 9. Computational time of the Implemented and Classical
methods.
Methods
FF [36]
PSO [37]
GWO [38]
WOA [39]
ROA [35]
BFU-ROA

established BFU-ROA approach is veriﬁed and proved by
the simulated outcomes.

Computational Time (sec)
404.09
377.51
584.48
327.29
302.43
301.39

17.81%, and 19.26% improved than FF, PSO, GWO,
WOA, and ROA algorithms. On considering type 3 image
in table 5, the established structure in the view of MAE is
1.69%,1.79%, 1.76%, 1.68% and 1.34% improved than FF,
PSO, GWO, WOA and ROA algorithms. Moreover, the
RMSE of presented approach is 2.72%, 3.19%, 3.06%,
2.71%, and 2.34% enhanced than FF, PSO, GWO, WOA,
and ROA algorithms. Similarly, on taking type 4 image
from table 6, the two norm is 1.73% better from FF, 2.23%
improved from PSO, 2.09% improved from GWO, 1.73%
improved from WOA and 1.39% improved from ROA
algorithms. Similarly, the inﬁnity norm of adopted
scheme is 5.16%,10.67%, 9.74%, 5.19%, and 10.09%
enhanced than FF, PSO, GWO, WOA, and ROA algorithms. From table 7, the type 5 image for the adopted
scheme can be attained, which is 4.98% better from FF,
5.01% better from PSO, 2.68% better from GWO, 2.9%
better from WOA and 2.62% better from ROA algorithms
in terms of RMSE. Thereby, the development of the

5.4 Statistical analysis
Table 8 summarizes the statistical analysis of the established and existing methods. Here, the established method
is 36% improved than the FF method, 31% improved than
the PSO, and 29% improved than the GWO, 56% better
than the WOA, 35% better than the ROA algorithm for the
standard deviation case scenario. Table 9 summarizes the
computational time of the established and existing methods.
Here, the established approach is 25% enhanced than the
FF method, 20% enhanced than the PSO, and 48%
enhanced than the GWO, 0.79% enhanced than the WOA,
0.034% better than the ROA algorithm.

5.5 Result implication
In this section, overall performance analysis of the proposed method over the conventional methods is shown. At
ﬁrst, the analysis of compression ratio for the proposed
BFU-ROA-based LBG is performed. Here, the performance
of the proposed method is 61.11%, 61.11%, 22.22%, and
70.83% enhanced than FF, GWO, WOA and ROA algorithms. Then, the proposed method in terms of SMAPE is
performed. Here, the adopted approach is 0.5% better from
all the compared algorithms. Similarly, the proposed
method regarding RMSE is 1.01%, 0.99%, 0.98%, 0.99%,
and 1.002% improved than FF, PSO, GWO, WOA, and
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ROA algorithms. Moreover, the statistical analysis of the
proposed is 36% better than the FF method, 31% enhanced
than the PSO, and 29% better from the GWO, 56% better
than the WOA, 35% better than the ROA algorithm. The
overall analysis demonstrates that the established approach
attains superiority over other existing models.

6. Conclusion
This work has exploited the VQ concept that makes use of
the LBG model for image compression. Here, the database
image was initially split into a set of blocks, and an
appropriate codeword was chosen for every vector, which
was the closest representation of that input vector. The
encoder creates a codebook by mapping the vectors
depending on these code words and accordingly, vector
compression occurs. The encoder further transmits a compressed stream of these vectors to the decoder, which in
turn discovers the compressed vector and places it on the
image. As the main novelty, the code word creation in
vector quantization was performed through a proposed
optimization algorithm, so-called a BFU-ROA model for
attaining an improved image compression effect. The
optimization of codebooks was done, such that the summation of the compression ratio and the difference among
the decompressed and original images should be minimal.
From the analysis, for type 1 image, the established BFUROA structure was 61.11%, 61.11%, 22.22%, and 70.83%
improved than FF, GWO, WO, and ROA algorithms. On
taking the MEP, the presented approach was 2.65%, 2.69%,
2.71%, 2.69%, and 2.67% enhanced than FF, PSO, GWO,
WOA, and ROA approaches. Thereby, the improvement of
the BFU-ROA-based VQ for image compression was
conﬁrmed through perfect validation.

Nomenclature
ABC
Artiﬁcial bee colony
ACM
Active Contour Model
BER
Bit Error Rate
CFA
Color Filter Array
CMOS
Complementary Metal Oxide Semiconductor
CS
Cuckoo search
DCT
Discrete Cosine Transform
DTT
Discrete Tchebichef Transform
EZW
Embedded Zero-tree Wavelet
FIC
Fractal Image Compression
FSS
Fish School Search
GIF
Graphics Interchange Format
HV
Horizontal-Vertical
iDTT
integer DTT
JPEG
Joint Photographic Experts Group
LBG
Linde-Buzo-Gray
MAE
Mean Absolute Error
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MASE
MEP
MF
MSE
OCR
PNG
PSNR
QDCT
RMSE
ROI
ROI
SERMs
SMAPE
SNR
VQ
WCE

Mean Absolute Scaled Error
Mean Error Percentage
Matrix Factorization
Mean Squared Error
Optimum Compression Ratio
Portable Network Graphics
Peak Signal to Noise Ratio
Quantum DCT algorithm
Root Mean Square Error
Region Of Interest
Region of Interest
Single-row Elementary Reversible Matrices
Symmetric Mean Absolute Percentage Error
Signal-to-Noise Ratio
Vector Quantization
Wireless Capsule Endoscopy
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