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Abstract

Remote sensing photos are images that are collected and interpreted without coming
into direct contact with an object, place, or event. The strategies for image
compression with computational complexity are introduced in the preceding
research. This work is focused on 2D Modified Lapped Biorthogonal Wavelet
Transform (2D ML BWT) with Hybrid Genetic Based Directional Median Filter
(HGMF) using Genetic based Artificial Nero-Fuzzy Inference System (GANFIS).
In this research, Lapped Biorthogonal Transform (LBT) is used to lap the
information when transforming the images. By using this technique, the quality of
the reconstructed images is improved. Then BWT is applied by employing the
WAPDF which enhances the symmetrical coefficients. Biorthogonal wavelet filter
banks with equal even lengths are a subset of bi-orthogonal wavelet filter banks.
Hence, the noise rates are reduced but to improve the optimal coefficient selection,
GANFIS is used in this research. HGMF is used to increase the correlation co-
efficiency during the image compression process. Incorporating genetic algorithms
into the design of such ANFIS (Artificial Nero-Fuzzy Inference System) models
are focused to eliminate impulse noise from the specified images more proficiently.
The genetic algorithm generates the objective function by computing the better
fitness value and selects the fuzzy rules optimally. The significant aim of ANFIS
algorithm is used to attain more precise outcomes along with enhanced image
quality. This technique is applied for training and learning neural networks to
decide the optimal factors of fuzzy system grounded on neuron model. Thus, the
proposed method achieves robust image compression performance by means of
various performance metrics using 2D-MLBWT with GANFIS approach.

Keywords: 2D ML BWT, HGMF, GANFIS, ANFIS.

1. Introduction

In different types of applications, use a Remote Sensing Sensors from the Earth science,
archeology, intelligence, change detection for environmental research and astronomy. After
flood or earthquakes in the organization of disaster, the pollutions of the environment, can be
detected or fire detection is increased in the number of applications. The spectral resolution
and the spatial of satellite image data are enhanced progressively with new technologies and
user requirements ensuing in the upper precision and the novel application methods. In a remote
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sensing process, huge amount of levels is found and the entire level acts a major role for the
efficient operations (Mingi Li et al.2008). After receiving the image data for providing out the
details of the view, the image processing and analysis process can be begun and this process is
used to enhance the appearance of the image of an individual viewer. In this study, wavelet-
based transformation is used to evaluate remote sensing pictures.

The attainment of remote sensing images in digital format has been speedily escalating over
the decades. Remote sensing photos are the collection and analysis of data about an object,
location, or event without coming into direct contact with it. Various compression approaches
that are created particularly for remote sensing pictures, such as in (Bo Li et al. 2011), have
been expected in recent years (Karami et al. 2012). These compression methods, Remote
sensing picture compression techniques, some of which include oriented wavelet transform and
sparse representation, are discussed. The scan-based compression approach is also quite
alluring since remote sensing pictures are typically held captive in a push-broom pattern by
sensors and are relatively huge. A scan-based technique that uses JPEG2000 to extract
information progressively is described by Kulkarni et al. (2006). Nonetheless, the excellent
coding fidelity of JPEG2000 comes at a hefty expense.

To prevail over the above stated concerns, in this research, the scheme is developed termed as
2D-Modified Lapped Biorthogonal Wavelet Transform (2D-MLBWT) with GANFIS for an
effectual image compression. The technique restrains elements such as Lapped Biorthogonal
Transform (LBT), 2D-BWT by means of WAPDF is used to improve transformation and
coefficient selection using a Hybrid Genetic-based Directional Median Filter (HGMF). The
wavelet significant coefficients will then be encoded using context-adaptive binary arithmetic
coding (CABAC) with Lattice Vector Quantization (LVQ). DWT is separated to concentrate
on providing high-quality compression images, BWT is utilised to construct the transformation
technique. The unique compression process is straightforward, and the running memory
demand is modest. It uses transformation algorithms to provide a high picture compression
ratio and high-quality photographs.

2. Related Work

In Lian et al. (2005) the study explains about wavelets, which are signals having a local time
and scale as well as an irregular shape A waveform having a brief duration and a zero average
value is referred to as a wavelet. The term "wavelet" alludes to how it integrates to zero before
sweeping up and down the axis. Several wavelets also include orthogonality, which is ideal for
signal encoding in compact form. This property prohibits an over representation of the data.
The original mother wavelet might be broken down into a variety of resized and altered signal
approximations. A signal can be split up into wavelets using a wavelet transform. Then, to
prevent certain specifics, the wavelet parameters might be removed. Wavelets have the
tremendous advantage of being able to separate the minute features in a signal. Large wavelets
may be used to detect the coarse features in a signal, whereas tiny wavelets can be used to
alienate the extremely fine features in a signal. Furthermore, for the purpose of selection,
numerous wavelets are provided. Because one wavelet can sparsely represent a signal when
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compared to another, a number of wavelets must be studied in order to determine which one is
most suited for image compression in Sidhik et al (2015).

Valsesia et al. (2016) offer a novel technique for low-complexity multispectral image
compression based on universal vector quantization. By incorporating vector quantization into
the recently invented idea of universal scalar quantization, this technique uses it to implement
scattered coding. It takes advantage of the decoder's availability of side information to lower
the vector quantizes encoding rate, which is used over compressed picture measurements. The
encoder then reuses the quantization labels to label the numerous quantization cells, and the
decoder chooses the proper cell based on side information. Then, the picture is rebuilt by
applying weighted overall variance reduction, including the side data into the weights when
enforcing conformity with the recovered quantized cell.

Table 1. Inference from Transformation based Methods on Images

Method Journal Advantages Limitations
Biorthogonal IEEE transaction on |e Better in data | e Filters out
wavelet method | Signal Processing storage techniques that are

(Nath et al.2001) e Provides high needed further
quality images
Lattice ~ vector | IEEE transaction on | e It yields a greater | e it has still problems
quantization Image Processing compression ratio with computational

(Kasaei et e Itreducestheerror | complexity

correlation ratio

al.2002) rate considerably
DA-DWT IEEE transaction on | e It attains a bigger | It has problems
(Chang et | Instrumentation and | compression ratio | with noise rate
al.2007) Measurement performances
o Lesser
computational
complexity
o Efficiency is better
Vector Elsevier ~Journal of | e It uses Linde-|e Computational
Quantization Expert Systems with Buzo-Gray (LBG) | complexity in Code
(Horng et al. | Applications code book book construction
2012) e It give greater
PSNR value
2D -DCT method | IEEE transaction on | e Better co- | e However it has
(Song etal. 2013) | Signal Processing efficiency issue  with  the
Greater quality of images

2D-DWT (Jiang
etal. 2013)

International Journal of
Signal Processing,
Image Processing, and
Pattern Recognition

Greater security
Provides high
quality images

It has still problems
with memory usage
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The research of (Nadernejad et al. 2013) proposes two efficient techniques for picture and video
artefact reduction that rely on merging the use of directional noise removal and adaptable fuzzy
filtering. In contrast to conventional methods used to eliminate ringing and blocking artefacts,
the new technology significantly increases performance by reacting to the activity and direction
of pixels present at edges. This retains aesthetically crucial elements, such as edges and fine
textures, substantially better. The method has been demonstrated to improve the visual quality
of compressed pictures and movies in terms of PSNR, SSD, and MSSIM when compared to
other well-known spatial post processing techniques in the literature. The subjective quality
evaluation using rank ordering has supported the objective results.

The study proposes Fuzzy PSO (FPSO) in (Wasid et al. 2015). It is based on user hybrid
features and efficiently preserves both the accuracy and scalability of memory-based
Collaborative filtering (CF). Because the majority of user characteristics are not precise by
nature, they can be expressed more informally by utilising fuzzy sets. PSO is used in this work
to learn user weights on various attributes, while fuzzy sets are used to efficiently represent
user features. When using the MovielLens dataset, it achieves good results in a variety of
performance metrics. (Sudhakar et al. 2014).

3. Image Compression Using 2d-Mlbwt with GANFIS

To improve the image compression quality and computational complexity, the proposed
research used lapped BWT method. It is used to increase the compression ratio, correlation
ratio, SSIM and PSNR values prominently and reduce the noise rates, MSE and execution time
significantly. This section proposes a novel compression method 2D-Dual Tree-Discrete
Wavelet Transform (DT-DWT) with an image compression algorithm based on HGMF. It is
also possible to use HGMF to pick coefficients in the DT-DWT. Figure 1 illustrates the entire
projected process. The remote sensing source image is chosen in the first phase, and the
direction finder is utilized to establish the transform direction. Next, 2D-MLBWT is used to
breakdown the image into wavelet coefficients (w). The coefficients are adjusted via
thresholding. The significance of a statistic for sub-band values is assessed using HGMF. The
GANFIS is being upgraded in order to increase image quality. The wavelet significant
coefficients are then encoded using context-adaptive binary arithmetic coding (CABAC) with
Lattice Vector Quantization (LVQ). The image is recreated using HGMF decoding and inverse
2D-MLBWT, (Wenjing et al. 2019).
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Figure 1; Overall of Procedure of Proposed Method

Pseudo Code for Proposed Method

FOR each input image

DETERMINE 2D-Dual Tree using MLBWT

COMPUTE Coefficient

SELECT effective Coefficient using HGMF

individuals.

FOR each Coefficient
i) initialize population

ii) evaluate population

iii) while(!stopCondition) do

iv) choose the most suitable individuals for reproduction;

v) Crossover and mutation techniques are used to create new

vi) analyse the personal fitness of newcomers

vii) replace the least-fit population with fresh people

viii) apply fuzzy if-then rule for selected new population

END FOR

CONSTRUCTION of Compressed Image using Inverse Transformation

END
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3.1. Two-Dimensional Lapped Biorthogonal Transform (LBT)

LBT is a type of linear discrete block transformation in which the basic functions of the
transformation are related to the block boundaries, but the total number of coefficients from a
sequence of overlapping block transforms is the same as if a non-overlapping block transform
had been cast-off. The core transform and overlapping filtering are factorized into rotation
operators, which are then carried out using a lifting structure to produce reversible integer
transform, which is how the LBT is valued. (Wang et al. 2010).

In the case of any one-dimensional signal x, if the length of each segment x; is M, the DCT can
be written as X; = Cyx;, where C,, is an MxM orthogonal matrix, x; and X; are both M x 1
column vectors. The fundamental transform function is the column vector (or row vector) of
Cwm. The LBT algorithm's general idea is to lap the data while sectioning the signal x. The
easiest method is to make each segment's length L=2M, causing each segments to intersect
with portions of the data throughout transformation. As a result, the blocking artefacts created
by DCT have been reduced, and the quality of the reconstructed signals has been improved (Bo
et al. 2011). The denoising crisis can be reformulated in another domain by an orthogonal
transform such as the lapped biorthogonal transforms, where the signal and the noise statistics
can be modeled accurately (Wei & Weimin 2009).

Let PT be the size of the LBT transform matrix M x 2M. Thus, the LBT can be given as

_1[ De-yDo De—yD 10
P= 2 [](DerDo)o—]e(De_())/Do) [OZ (1)

Where D, and D, are M x M /2 matrices that depict the DCT transformations for even and odd

numbers, respectively, where J is the counter identity matrix produced by right-to-left reversal

of the identity matrix. The matrix Z is made up of M /2 — 1 rotated matrices.

Z = TOT]_ ...... TM/Z—Z (2)
3.2. Hybrid Genetic based Median Filter (HGMF) with GANFIS

In this segment, hybrid genetic grounded median filter (HGMF) to amplify the correlation co
efficiency during the image compression procedure. By means of genetic algorithm, an optimal
outcome can be attained for the given images. A genetic algorithm has been implied for each
partition, and the end result of that technique is a matrix consisting of weighting vectors for
each partition. The first stage in developing a genetic algorithm is determining population size,
or the number of people in the population. Individuals in the population are generated at random
using Matlab's random number generator. Each individual represents a potential issue solution,
such as the optimal weighting vector 'w." Individual chromosomes (genes) are represented by
vector 'w' columns. Individual chromosomes have a value range of [1,1], and weighting vectors
satisfy location-invariance restrictions.

i1 W =w.ef, =1 3

Where ey = [1,1....1]isa 1 x N vector
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Following the formation of an initial population, each individual in the population's fitness
function should be evaluated. In such cases, the fitness function is a total square error, i.e. the
deviation between the approximation of the current pixel value and the original (uncorrupted)
pixel value:

e=(s—y.wh)? 4)

Where s is original pixel, y is a vector of median filter results, and w is a vector of weighting
(individual of population).

Following the establishment of the first population, an iterative process of genetic operators is
initiated (selection, crossover, and mutation) would be applied to individuals in anticipation of
convergence criteria (Lee et al. 2005) If the convergence condition is not satisfied, the fittest
person in the current population is discovered. That guy has been remembered. The more fit
individuals are then chosen to create a new population. Two parents are picked at random using
Matlab's random number generator, and their two offspring are generated in the crossover
procedure. Crossover allows data to be exchanged across various potential solutions.

Crossover offspring genes are created as a result of,

Cl(i) _ kl.rl(i)-zkkz.rz(i) (5)

CZ(i) _ k2.r1(i)-2+-k1.r2(i) (6)
Where c1(i) and c2(i) offspring genes at i position and parent genes r1(i) and r2(i) at i"
position.

Individual genes, i.e. vector 'w' elements, must be in the range [-1, 1]. Offspring become
members of the population in place of two individuals who have the highest value of fitness
function. Then, using a random generator, one individual is chosen, as well as one of its genes,
which is altered. Mutation delivers new genetic material into an existing population. An
individual's mutated gene looks like this:

C1() = k.r1() ()
Where C1(i) is individual's mutated gene at i*" position and r1(i) is parent gene at i position.

If there are more than or equal to half as many incorruptible pixels as total pixels in the window,
and the window size is less than the maximum particular window size, the window is
considered corrupted the median filtering method is used (which is to guarantee the correct
value of the pixel is attained) else the window size is amplified by 2 in each of the horizontal
and vertical side and the procedure is repeated.

. . 1
Median filtery,  xy) = ;E?’n x; (8)

2
)

...... ENBYC)

Median filtere,,  x) = Median(||x1|
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where x; signifies the i'" largest observation and x be a random vector; the random vector's
entries are arranged The result signal y of x from median filter with filter window size N is
distinct as

Y =XRoawix; =wlx (10)

Where w; is weight vector and wT is filter coefficients and N is odd integer. An optimal median
filter is cast-off for diminishing blocking artifacts using genetic algorithm.

ANFIS comprises reimbursement of both ANN and the fuzzy logic systems. A comprehensive
feature set and fuzzy rules are chosen to enhance the coefficient selection procedure. ANFIS is
one of the extensively used neuro-fuzzy schemes. It deals with Neuro-Fuzzy system which
assists to take the decision about the pixels of the image under deliberation. The foremost aim
to removal of the numerous kinds of noise with the preservation of edge sharpness and image
details along with genetic method and median filter.

A hybrid genetic algorithm based on ANFIS is cast-off in an ANFIS system for picking the
best fuzzy membership functions. To reduce the complexity of the rule base, the bottom-up
rule-based technique is used to establish the ideal structure based on training or validation error
vs the number of rules (Nariman et al. 2004). The obtained results show the benefit of using
this learning method in addition to the ANFIS hybrid learning method. According to this
strategy, a hybridization of GA in a cross-validation methodology may quickly construct and
update an ANFIS network with a less number of fuzzy rules (Nariman et al. 2002).

The first step in incorporating GA into the creation of such ANFIS models is to define the
N(n + 1) real value factors of {c;, g;} as a concatenated string of binary digit substrings. As a
result, each such substring encodes the fuzzy partitioning of antecedents used in such ANFIS
models in binary code. Every single binary digit string that demonstrates the effectiveness of
an ANFIS scheme ().

1
$ = (11)
Where e represents the objective function.
Y IF (i1 Xizs oo Xim) — yi]* >min (12)

And through maximizing fitness, an evolutionary mechanism reduces mistake. The
evolutionary technique proceeds by haphazardly producing instead of using the fuzzy division
of rules, use an initial population of binary strings for each potential answer. Then, utilizing
the standard genetic operations of roulette wheel selection, crossover, and mutation, whole
binary string populations are offered to continuously progress. Using ANFIS, every
chromosome on behalf of the fuzzy rules is optimally resolved.

ANFIS is known neuro-fuzzy model which is cast-off to eliminate impulse noise from the given
images more competently. ANFIS with genetic algorithm is grounded to optimize the factors
to amplify the image compression coefficients. The significant aim of ANFIS algorithm is cast-
off to attain more precise outcomes along with enhanced image quality. These are artificial
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neurons that are peacefully interconnected (programming constructs that mimic the properties
of biological neurons). The basic design consists of input, output, and hidden neuron types.
The signal flows in a feed-forward way from input to output units in this architecture. The
dispensation of information can enlarge over the multiple layers. In this investigation, the
technique is utilized for training and learning neural networks to decide the optimal factors of
fuzzy system grounded on neuron model.

3.3. CABAC Entropy Coding

After the picture has been reduced to a collection of grammatical components, entropy coding,
a form of lossless compression, is used. Using the syntax elements that the decoder describes,
the image coefficients may be recreated. The prediction scheme (such as spatial or temporal
prediction, intra prediction mode, and motion vectors) and the prediction error, also known as
residual, are all included in this. Binarization, context modelling, and arithmetic coding are the
three functions of CABAC. The process of translating syntactic components to binary symbols
(bins) is known as binarization (Chou et al. 2010). The probability of the bins is evaluated via
context modelling. Last but not least, arithmetic coding reduces the bins on the predictable
probability source to bits.

Depending on which principle criterion they believe in adjusting the threshold, the binarization
technique can be grouped into many groupings. A method for determining a formative
threshold for binarization of a picture is shown. The techniques use an iterative procedure and
assume that the image contains an object and a backdrop with varying average grey levels. The
iterative technique allows for the straightforward automatic selection of the best threshold.

Context modelling produces an accurate probability estimate, which is required for good
coding efficiency (Chang et al. 2000). It is therefore quite flexible and may use a variety of
context models for various bins, with the possibility of changing the context model based on
the values of previously coded bins. Commonly, bins with similar distributions use the same
context model. Depending on the kind of syntax element, the bin's placement inside the syntax
element (binldx), the luma/chroma, and other factors, the context model for each bin can be
selected. There is a context transfer after each bin.

3.4. Arithmetic Coding

Arithmetic coding is a type of lossless data compression entropy encoding. The arithmetic
coding is used to encode the whole source once, instead of assigning code bits to symbols. The
efficiency is even more apparent, if the symbol probabilities are not in terms of negative
integer. Arithmetic coder would split the interval of x1 into subintervals with the same
proportional interval lengths for each symbol (Boulgouris et al. 2001).

The proposed system provides significant improvements in terms of performance metrics 2D-
MLBWT with GANFIS method. The lapped bi-orthogonal wavelet is used to improve the co-
efficient values and PSNR values. It reconstructs the image with higher quality and genetic
based algorithm is focused to optimize the fuzzy rules along with ANFIS approach. The
performance metrics are evaluated, and experimental results are discussed in the below section.
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4. Experimental Results

The suggested 2D -MLBWT with GANFIS-based image compression results are evaluated and
compared with the available JPEG2000 and 2D-OWT in this part. The Compression Ratio
(CR), Mean Square Error (MSE), Peak Signal to Noise Ratio (PSNR), Correlation, structural
similarity (SSIM), and Execution Time are used to evaluate performance (Bo Li et al. 2011).
Satellite imagery is useful for a wide range of environmental applications, including resource
tracking, geographical mapping, crop prediction, urban growth, weather, flood, and fire
control, and so on. As a result, a remote sensing image is analysed in this study. It can be
obtained from http://www.spaceimagingme.com.

Table 2. Comparisons of Image Size in JPEG2000, 2D-OWT, 2D-DTCWT, 2D-DT-
BDWT and 2D-MLBWT Techniques

Input image Method name Actual size | Resize Compression
image image size
size

Thornton, JPEG 2000 (2001 x 256 x 256 | 128 x 128

Colorado, U.S.A. 2001)

Grant Street 2D-OWT (2001 x 256 x 256 | 128 x 128

(Image 1) 2001)

2D-DTCWT with (2001 x 256 x 256 | 64 x 64
FIF 2001)

Hybrid 2D-DT- 2001 x 256 x 256 | 64 x 64
BDWT with 2001)

WAPDF

Proposed 2D- (2001 x 256 x 256 | 64 x 64
MLBWT 2001)

Thornton, JPEG 2000 (1001x1001) | 256 x 256 | 128 x 128

Colorado, U.S.A. 2D-OWT (1001x1001) | 256 x 256 | 128 x 128

Grant Street 2D-DTCWT with (1001x1001) | 256 x 256 | 64 x 64

(Image 2) FIF

FIS-based hybrid (1001x1001) | 256 x 256 | 64 x 64
2D-DT-BDWT with

WAPDF

2D-ML BWT with (1001x1001) | 256 x 256 | 64 x 64
GANFIS based

HGDF

Thornton, JPEG 2000 821 x 757 256 x 256 | 128 x 128

Colorado, U.S.A. 2D-OWT 821 x 757 256 x 256 | 128 x 128

Grant Street 2D-DTCWT with 821 x 757 256 X 256 | 64 x 64

(Image 3) FIF
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FI1S-based hybrid 821 x 757 256 x 256 | 64 x 64
2D-DT-BDWT with
WAPDF
2D-ML BWT with 821 x 757 256 x 256 | 64 x 64

GANFIS based
HGDF

The anticipated work is shown in the Table 6.1. The test image is offered as input image. It has
very high frequency elements, so that the JPEG2000, 2D-OWT, 2D-DTCWT, 2D-DT-BDWT
hybrid with WAPDF and 2D-MLBWT with GANFIS is engaged for image compression. When
associated to the 2D-OWT, 2D-DTCWT, hybrid 2D-DT-BDWT approaches, the 2D-MLBWT
gives superior compression ratio. This demonstrates that the proposed 2D-MLBWT is
successful for picture compression.

Table 3. Comparative Analysis of Various Metrics for Image 1

Thornton, Colorado, U.S.A. Grant Street image 1
Performance JPEG2000 | 2D- 2D- Hybrid 2D- 2D-
measures OWT DTCWT DT-BDWT MLBWT
with Fuzzy | with WAPDF | with
GANFIS
CR 3.9754 4.0071 | 4.0096 4.0099 4.0829
PSNR 32.0620 34.5064 | 36.8641 38.4782 40.3578
MSE 40.4464 23.0380 | 20.1254 18.2513 16.8237
CORRELATION | 0.9963 0.9964 | 0.9968 0.9973 0.9989
SSIM 0.7150 0.9194 | 0.9202 0.9351 0.9472
EXECUTION 3.1431 29772 | 1.9244 1.8476 1.7163
TIME (s)

Table 4. Comparative Analysis of Various Metrics for Image 2

Thornton, Colorado, U.S.A. Grant Street image 2
Performance JPEG2000 | 2D- 2D- Hybrid 2D- 2D-
measures OWT DTCWT DT-BDWT MLBWT
with Fuzzy | with WAPDF | with
GANFIS
CR 3.9704 4.0082 | 4.0120 4.0734 4.0917
PSNR 30.5327 37.4879 | 38.4754 40.2341 42.7734
MSE 57.5189 21.5955 | 17.5841 14.5932 12,9174
CORRELATION | 0.9949 0.9963 | 0.9964 0.9972 0.9991
SSIM 0.8302 0.9683 | 0.9441 0.9531 0.9631
EXECUTION 3.0112 2.8321 | 1.8574 1.7258 1.6382
TIME (s)
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Table 5. Comparative Analysis of Various Metrics for Image 3

Thornton, Colorado, U.S.A. Grant Street image 3
Performance JPEG2000 | 2D- 2D- Hybrid 2D- 2D-
measures OWT DTCWT DT-BDWT MLBWT

with Fuzzy | with WAPDF | with

GANFIS

CR 3.9633 4.0076 | 4.0142 4.0832 4.0967
PSNR 30.0303 33.3991 | 35.8541 39.4167 41.6384
MSE 64.5727 29.7281 | 22.8541 20.8573 18.9273
CORRELATION | 0.9947 0.9951 | 0.9961 0.9988 0.9995
SSIM 0.8757 0.9413 | 0.9642 0.9723 0.9872
EXECUTION 3.0048 2.7987 | 1.8472 1.7324 1.6621
TIME (s)

CR Comparison

E1 denotes Existing System 1 (JPEG 2000 Compression), E2 denotes Existing System 2 (2D-
OWT Compression), P1 denotes Proposed Method 1 (2D-DT CWT with fuzzy Compression),
P2 denotes Proposed System 2 (Hybrid 2D-DT-BDWT), and P3 denotes Proposed System 3.
(2D MLBWT with GANFIS based HGDF). Figure 2 depicts the comparison of the
compression ratio yields the anticipated 2D-MLBWT with GANFIS and available Hybrid 2D-
DT-BDWT with WAPDF, 2D-OWT, and 2D-DTCWT. The results show that the proposed 2D-
MLBWT has a high compression ratio, resulting in a high purity of the retrieved image.

Compression Ratio

4.2

41

I JPEG2000(E 1)

I 2DOWT(E2)

[ 12D-DTCWT with Fuzzy(P1)

[ Hybrid 2D-DT-BDWT with WAPDF(P2)
I >D-VILBWT with GANFIS(P3)

imagel

image2

image3

Figure 2; Comparison of CR of Existing and Proposed Methods
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PSNR Comparison
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Figure 3; Comparison of PSNR of Existing and Proposed Methods

Figure 3 deliberates that the PSNR comparison outcomes amongst anticipated 2D-MLBWT
with GANFIS based HGDF, as well as Hybrid 2D-DT-BDWT with WAPDF, 2D-OWT, and
2D-DTCWT. Using 2D-MLBWT with ANFIS, the predicted technique has a high Peak Signal
to Noise Ratio (PSNR). According to the findings, the proposed 2D-MLBWT with GANFIS
offers high PSNR viewing the good reconstructed image.

MSE Comparison

Figure 4 depicts the MSE comparison result of projected 2D-MLBWT with GANFIS-based
HGDF and the Hybrid 2D-DT-BDWT with WAPDF, 2D-DTCWT with fuzzy, 2D-OWT, and
JPEG 2000. The suggested method has a reduced MSE value when using the suggested 2D-
MLBWT with GANFIS. The results reveal that the predicted 2D-MLBWT preserves less MSE
while displaying a good rebuilt image.
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Figure 4; Comparison of MSE of Existing and Proposed Methods
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CORRELATION Comparison

Figure 5 depicts the correlation comparison results between the proposed 2D-MLBWT and the
GANFIS-based HGDF, as well as the Hybrid 2D-DT-BDWT with WAPDF, 2D-OWT, 2D-
DTCWT with fuzzy and JPEG 2000. Using 2D-MLBWT and GANFIS, the recommended
approach has a strong correlation value. According to the results, the predicted 2D-MLBWT
achieves better recital than the existing approaches.
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Figure 5; Comparison of Correlation of Existing and Proposed Methods

SSIM Comparison
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Figure 6; Comparison of SSIM of Existing and Proposed Methods

Figure 6 shows that the SSIM comparison outcomes amongst 2D-MLBWT with GANFIS
based HGDF and Hybrid 2D-DT-BDWT with WAPDF, 2D-DTCWT, 2D-OWT, and JPEG
2000 are available. Using 2D-MLBWT, the proposed system has a high value of Structural
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SIMilarity (SSIM). with ANFIS. From the output, it is shown that anticipated 2D-MLBWT
with ANFIS gets better SSIM contrast to the prevailing techniques.

EXECUTION TIME Comparison
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Figure 7; Comparison of Execution Time of Existing and Proposed Methods

Figure 7 compares the execution times of 2D-MLBWT with GANFIS-based HGDF and the
Hybrid 2D-DT-BDWT with WAPDF, 2D-DTCWT, 2D-OWT, and JPEG 2000. Because of the
projected 2D-MLBWT, the anticipated approach has a shorter execution time. According to
the results, the projected 2D-MLBWT with GANFIS takes less time to execute than the Hybrid
2D-DT-BDWT, 2D-DTCWT with Fuzzy, 2D-OWT, and JPEG 2000 schemes.

Table 6. Two Dimensional MLBWT with GANFIS with Existing Methods

Input 2D-DTCWT with Hybrid 2D-DT-BDWT 2D-MLBWT with
image Fuzzy with WAPDF GANFIS
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5. Discussion

In this investigation, the anticipated scheme ends up that the 2D-Modified Lapped
Biorthogonal Wavelet Transform (2D-MLBWT) with GANFIS based HGDF that offers
superior recitals. Image compression is critical in remote sensing images for fast transmission
and minimal storage space. Previous research has increased the technique for image
compression, for remote sensing picture reduction, such as Hybrid 2D-oriented Biorthogonal
Wavelet Transform (2D-BWT) employing Windowed All Phase Digital Filter (\WAPDF) based
on Discrete Wavelet Transform (DWT). However, it is experiencing a computational
complexity crisis., denoising concerns and also lesser correlation coefficient techniques.
Hence, in anticipated research, 2D-MLBWT technique is improved to amplify the elevated
quality image compression ratio. (Sudhakar et al. 2016) In this inquiry, the picture was first
divided into wavelet coefficients. The HGMF is used to determine whether or not the
coefficient values are useful. The orthogonality issue is relaxed in order to gain better pliability
in the construction of wavelet bases, allowing the BWT technique to be applied. The BWT
increases the compression ratio. The wavelet significant coefficients will then be encoded with
Lattice Vector Quantization (LVQ) using context-adaptive binary arithmetic coding (CABAC).
A compression method based on the projected transform, on the other hand, can assist achieve
robust quality in decoded pictures. It demonstrates that the proposed 2D-MLBWT with
GANFIS has a higher compression ratio of 14.13 %, 9.47 %, 8.78 %, and 2.28 %, a higher
PSNR of 10.31 %, 5.49 %, 3.96 %, and 2.22 %, a lower MSE of 18.56 %, 8.69 %, 5.51, and
2.68 %, a higher correlation of 0.69 %, 0.58 %, 0.26 %, and 0.10 %, a higher SS When
compared to the 2D-DT-BDWT, 2D-DT-CWT with fuzzy, 2D OWT, and JPEG 2000
compression schemes, the suggested 2D-MLBWT with GANFIS compression system opts for
remote-sensing image compression. (2019, Sudhakar et al.) The CR, PSNR, and correlation
values are higher than those of the 2D-DT-BDWT, 2D-OWT, 2D-DT-CWT, and JPEG 2000
compression methods.

6. Conclusion

The 2D-MLBWT method is improved in this work to raise the high quality ratio of image
compression in this inquiry, the picture was first divided into wavelet components. The LBT
approach is used to filter the noise, which is then orthogonally transformed in another domain.
Then, in order for the symmetrical coefficients to be blended with the necessary coefficients,
WAPDF grounded on DWT must be precisely zero-phase. The HGMF technique is used to
select the coefficient values. To improve the optimal coefficient selection process, the genetic
algorithm chooses the best fitness function. Also, use the ANFIS algorithm to find the best
fuzzy rules. Rather than the existing methodologies, it is employed to advance the correlation
co-efficiency. The CABAC coding is then used to increase the high coding performance and
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lower the MSE in MLBWT with GANFIS. The suggested 2D-MLBWT with GANFIS
approach outperforms other JPEG 2000, In terms of PSNR, CR, compression ratio, SSIM, and
execution time, the 2D-OWT, 2D-DTCWT with Fuzzy, and Hybrid 2D-DT-BDWT with
WAPDF techniques outperformed the others. According to the experimental data, the new
strategy exceeds the prior strategies in terms of performance.
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