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Abstract

All data are kept on digital platforms in today’s digital world, demanding a lot of storage space for images and video, as
well as a lot of bandwidth for transmission. Data that have been compressed is highly beneficial for storing more data at
the time. The objectives of this work are to examine various compression techniques developed by various researchers and
to develop a new video compression method based on multi-resolution techniques. Initially, the video is compressed using
wavelet transform and different encoding techniques. As a result, all comparisons will use Empirical Wavelet Transform
(EWT). The encoding techniques used here are H.264, Huffman, LZW, SPIHT, and their combinations. With the help of
various performance matrices combination of H.264 and modified SPIHT gives better performance. The SPIHT is modified to
overcome the limitations of normal SPIHT. The encoding block is constant throughout the next phase, whereas the transform
part is variable. The image is transformed using the Biorthogonal Wavelet, Coiflet Wavelet, Demeyer Wavelet, Mexican Hat
Wavelet, Dual-Tree Wavelet, Dual-Tree 3d Wavelet, Curvelet, and Modified Dual-Tree Wavelet. This Modified Dual-Tree
Wavelet performs better than DTCWT and overcomes its limitations. When comparing the outcomes of several video cod-
ing methods, it was discovered that Modified DTCWT with a combination of H.264 and SPIHT provides the best results.

Keywords EWT - Multiresolution - H.264 - SPIHT, SPIHT, DTCWT, video compression

1 Introduction

Nowadays, all data are stored on digital platforms, which
necessitates a large amount of storage space for storing pho-
tographs and videos, as well as a large amount of bandwidth
for transmission. These two disputes resulted in the develop-
ment of new compression methods. It has been a challenging
task to store and transfer large amounts of raw data. Data
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compression [ 1-5] refers to the process of reducing the size
of data stored. Video compression is important in the media
industry and other related sectors such as video broadcast-
ing, video conferencing, and video streaming.

The capacity to illustrate information acceptably is referred
to as compression [1, 6]. The duplication and irrelevancy in
the data are exploited and eliminated to get this compact rep-
resentation. Samuel Morse created a model for data compres-
sion using Morse code in the mid-nineteenth century. Dots
and dashes are used to encrypt the symbols sent via telegraph.
Some letters appear more frequently than others, according
to Morse. Shorter sequences are assigned to letters that occur
more frequently, and longer sequences are assigned to letters
that occur less frequently, to reduce the average time required
to transmit a message. Huffman coding and Shannon Fano
coding both use this method of employing transient code
words for more often occurring features.

Video is one of the most demanding applications due to
the large quantity of data it must handle. Due to this reason,
compression becomes an essential part of such applications
[7, 8]. In general, the goal of most compression systems is
to reduce the volume of data by controlling redundancies
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and irrelevancies in the data and eliminating them without
causing much distortion in quality. Lossy compression and
lossless compression are the two most used techniques of
compression. Due to quantization, certain data are lost in
lossy compression techniques, resulting in excellent com-
pression ratios but poor reconstruction quality. This decline
in quality should be within a certain margin of error. The
acceptable level of error depends on computational com-
plexity, memory requirements, data input and output require-
ments, compression, and decompression delay constraints.
As the compression ratio is increased, the reconstructed
image becomes distorted and the quality degrades. Lossless
compression schemes [9] exploit only the redundancies in
the data and do not discard any information. This results
in lower compression ratios [10]. The decompressed data
are the replica of the original data. Lossless compression
schemes are used for medical purposes, wherein the quality
of the images is of utmost importance [11-26].

The process of making video coding applications has
taken part a crucial position in the progress of digital video
conveyance applications over late years by Ghanbari in 1989
[3]. Standardization allows interoperability across dispa-
rate creators and is a crucial specification for broadcasting
services. The two global standardization organizations are
Video Coding Experts Group (VCEG) and Motion Picture
Experts Group (MPEG). A typical compression (or coding)
system is made up of an encoder and a decoder. The encoder
converts the video sequence into a compact representation
that is transmitted or stored, while the decoder performs the
inverse operation.

The existing technique [27-31] utilized compression rules
and coding information but fails to make a dynamic change
in the network structure. This paper proposed a novel frame-
work known as Video Coding employing Modified Dual-Tree
Wavelet with coalescence of H.264 along with Modified Spiht
Encoding technique (VCMDTWHMSE) to enhance the video
quality at both the encoder and decoder sides. The major con-
tributions of this paper are delineated as follows:

e The proposed VCMDTWHMSE methodology uses the
modified DTCWT transform for decomposition and a
combination of H.264 and modified SPIHT for encod-
ing to improve the video quality at both the encoder and
decoder sides.

e The Empirical Wavelet Transform (EWT) is performed
on the image to enhance the input signal reconstruction
using Biorthogonal Wavelet, Coiflet Wavelet, Demeyer
Wavelet, Mexican Hat Wavelet, Dual-Tree Wavelet,
Dual-Tree 3d Wavelet, Curvelet, and Modified Dual-Tree
Wavelet.

e For the encoding process, the combination of H.264 and
modified SPIHT is used to improve the processing speed
and it is fixed for all comparisons.
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e For performing transform function, Biorthogonal Wavelet,
Coiflet Wavelet, Demeyer Wavelet, Mexican Hat Wavelet,
DTCWT, 3D DTCWT, Curvelet, and Modified DTCWT
are utilized. These functions minimize the shift variance
problem and overcome the low directional sensitivity.

e Several performance matrices, such as CR, PSNR, MSE,
and SSIM, are used in the Modified Dual-Tree Wavelet
to improve performance. As a consequence, modified
DTCWT is chosen as the best video compression trans-
form.

The rest of this paper is structured accordingly. Section 2
presents the existing literary works conducted in this field
along with their drawbacks. Section 3 presents the proposed
video coding methodology using different transforms and
encoders. The development and implementation of efficient
video coding using multi-resolution techniques are discussed
in Sect. 4. The extensive experiments conducted to evaluate
the efficiency of the proposed methodology are presented in
Sects. 5 and 6 concludes the paper.

2 Review of related works

Message transmission among several groups is a basic asset
of any community. Speech, audio, and video are used in our
daily lives to convey information. In later years, media trans-
mission achieve great significance in various fields includ-
ing mobile, telemedicine, teleconferencing, and military
applications. Here, size of the data is also important for this
transmission purpose. As a result, there is a lot of research
going on in this area and a literature review emerged as a
subdiscipline of this area. It focuses on a variety of com-
pression methods and procedures for limiting the size of the
input video.

The various standards used for video compression are pre-
sented in the paper [2]. At this, H.264/AVC shows better cod-
ing operation development related to previous techniques. To
enhance the coding operation better than H.264/AVC, the new
technique H.265/HEVC is introduced [32], which provides
64 x 64 pixels value through the joint collaborating team.
The video compression standards are based on the motion
compensation standard, which reduces video information
linked to motion estimate from one frame to another [3]. The
capabilities of DCT-related method for compressing video are
explained and this analysis paper presents the development in
video compression method with better standard and content
of the video. Block matching methods are utilized for motion
estimation in video compression [4].

A method for compressing video series using multiwave-
let with SPIHT and MW block tree coding is implemented in
literature [5]. Wavelet Block Tree Coding (WBTC) standard
enhances the compression capabilities of SPIHT at lesser



Developing novel video coding model using modified dual-tree wavelet-based multi-resolution... 645

rates by satisfactorily encoding both inter and intra-scale
correlation conditions by utilizing block trees. The embed-
ded coding is enhanced by zero-trees wavelet coding
(EZW) [33], which acts as an encoder. It is, however, used
in both the wavelet transform and dimensional signals. The
improved compression technique employs bit plane slicing,
the Huffman algorithm, and the Lempel-Ziv—Welch (LZW)
dictionary [6]. The following are the issues with video com-
pression that were discovered during the literature review
[34-38].

They use only a few video compression features that do
not provide quality compression. The technologies used to
compress and transmit each frame result in increased band-
width requirements while maintaining video quality [39,
40]. The preceding techniques take longer, and the most fre-
quently used wavelet transform algorithms in video compres-
sion (Complex Wavelet Transform (CWT), DCT, and DWT)
all have significant drawbacks [41-45]. The limitation of
DCT is that its vulnerability to block noise and limited scal-
ability, in contrast, DWT reduces the image with less supe-
riority. Due to the presence of a small amount of noise, such
constraints in the Wavelet Transform (WT) approach pro-
duce an indistinct image and maintain a low PSNR quantity.
Despite its widespread use in video compression, the CWT
is susceptible to shifts, lacks phase information, and has
poor directionality. When an error is introduced, the encoder
EWZ takes longer and performs poorly. The classic SPIHT
encoding technique [30] requires additional cache space to
collect its three lists (List of Significant Pixel (LSP), List of
Insignificant Pixel (LIP), and List of Insignificant Set (LIS).
The SPIHT algorithm is a blind encoding approach due to
its inefficient coefficient partitioning mechanism, which gen-
erates an additional number of comparison operations that
constitute scanning redundancy. Furthermore, increasing the
number of bits increases the number of unnecessary bits in
the output bitstream.

3 Proposed approach

Based on the requirements and accessibility in the exist-
ing study, we use DTCWT as the transform and H.264 and
SPIHT as the encoders. By overcoming the limitations in
this existing technique, modify the Dual-Tree Complex
Wavelet Transform (DTCWT) and SPIHT to enhance
the performance of the video compression. Therefore, to
increase the efficiency of the system, several performance
metrics such as PSNR, CR, SSIM are MSE measured and
evaluated. The experiments are directed to calculate the effi-
ciency and the process is evaluated by three phases.

EWT is used as the transform in this phase and it is con-
stant for all techniques included in this phase. The encoder
component is then varied using different encoders and their

combinations. In this case, a combination of H.264 and
SPIHT produces superior results, and SPIHT is modified
to provide even better results. In this phase, the encoder
is a combination of H.264 and SPIHT, and the transforms
are varied. Here, different types of wavelets and Curvelet
transform are taken for better video compression. From this,
DTCWT shows better results and then modifies them for
increasing performance.

3.1 Video coding employ different encoders

This Video Coding employs Wavelet Transform along with
Different Encoding techniques (VCWTDE), transform part
is fixed but the encoding part is varying. The methods which
are used for analyzing are Video Coding employing Wave-
let along with H.264 Encoding technique (VCWHE), Video
Coding employing Wavelet along with Spiht Encoding tech-
nique (VCWSE), Video Coding employing Wavelet and
coalescence of H.264 along with Spiht Encoding technique
(VCWHSE), Video Coding employing Wavelet and coa-
lescence of Huffman along with Spiht Encoding technique
(VCWHUSE), Video Coding employing Wavelet along
with LZW Encoding technique (VCWLE), Video Coding
employing Wavelet along with Modified Spiht Encoding
technique (VCWMSE), Video Coding employing Wavelet
and coalescence of H.264 along with Modified Spiht Encod-
ing technique (VCWHMSE) [30-33, 46]. The VCWHMSE
approach outperforms the others when compared with
PSNR, CR, SSIM, and MSE. The encoding mechanism is
altered by combining H.264 and Modified Spiht Encoder
to form HMSE. The block diagram of VCWTDE is shown
in Fig. 1.

Empirical Mode Decomposition (EMD) is the data
examination medium suggested by Huang in 1998 [47]. The
EMD decomposes data into specific modes while operat-
ing in a relative frequency position. It also functions in a
time-related space. It is sensitive, and it is defined by a spe-
cific base derived from the data. According to the theory,
the data could include multiple identical simple fluctuat-
ing modes with significantly different frequencies at any
given time, each of which would overlap the other during
decomposition.

H.264 is a manufacturing-related video compression tech-
nique and the process of converting digital video into an
arrangement that takes up less space when saved or trans-
mitted. Digital television, DVD-Video, portable television,
broadcasting, and internet video casting all use video com-
pression as a standard. The ability to combine outcomes
from multiple developers is made possible by determining
video compression yields [44, 45]. An encoder compresses
video, whereas a decoder uncompresses it.
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Fig. 1 Block diagram representation of VCWTDE

3.1.1 Encoding procedure

The video is initially uploaded and converted into frames
by utilizing Matlab software. For decomposition, the EWT
Transform is used. For the encoding process, H.264 is used
in VCWHE, SPIHT in VCWSE, H.264 coding will encode
low-frequency frames and the SPIHT algorithm will encode
high-frequency frames. In VCWHSE, Huffman coding will
encode low-frequency frames and the SPIHT algorithm will
encode high-frequency frames. In VCWHUSE, LZW in
VCWLE, Modified SPIHT in VCWMSE and H.264 coding
will encode low-frequency frames and modified SPIHT algo-
rithm will encode high-frequency frames in VCWHMSE.
After the compression process is over, the performance of
the system is computed with the help of various performance
metrics. This video should be stored or transferred in its
compressed form.

3.1.2 Decoding procedure
To decode the video, a decoding algorithm is employed.
After that, the original video is rebuilt using the inverse

EWT Transform and the video is reconstructed. In this
phase, different encoding techniques were analyzed with
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respect to WT. The transform and encoding step is most
important while doing compression. EWT is taken for trans-
forming, and it is fixed for all comparisons. Some of the
encoding options are H.264, SPIHT, Huffman coding, LZW,
and modified SPIHT. By merging two encoding algorithms,
performance can be increased. A number of performance
measures, such as CR, PSNR, MSE, and SSIM, show that
H.264 with improved SPIHT offers better results. In com-
parison to previous techniques, VCWHMSE yields superior
results. As a result, we conclude that the combination of
H.264 and the modified SPIHT encoding approach is the
best encoding method and use it as an encoder in future
comparisons. In the next phase, the encoding part becomes
constant in all techniques and takes different transforms for
decomposition.

3.2 Video coding employing different transforms

As part of this phase, the transform part changes, while
the encoding part remains the same throughout. Analysis
of multiple VCWTDE encoding methods revealed that
VCWHMSE produced better results, hence H.264 and
modified SPIHT were selected as encoding strategies. The
techniques included in this phase are Video Coding employ-
ing Biorthogonal Wavelet with coalescence of H.264 along
with Modified Spiht Encoding technique (VCBWHMSE),
Video Coding employing Symlet Wavelet with coalescence
of H.264 along with Modified Spiht Encoding technique
(VCSWHMSE), Video Coding employing Coiflet Wave-
let with coalescence of H.264 along with Modified Spiht
Encoding technique (VCCWHMSE), Video Coding employ-
ing Demeyer Wavelet with coalescence of H.264 along
with Modified Spiht Encoding technique (VCDWHMSE)),
Video Coding employing Mexican Hat Wavelet with coa-
lescence of H.264 along with Modified Spiht Encoding
technique (VCMHWHMSE), Video Coding employing
Dual-Tree Wavelet with coalescence of H.264 along with
Modified Spiht Encoding technique (VCDTWHMSE),
Video Coding employing Dual-Tree 3d Wavelet with coa-
lescence of H.264 along with Modified Spiht Encoding
technique (VCDT3W&HMSE), Video Coding employing
Curvelet with coalescence of H.264 along with Modified
Spiht Encoding technique (VCCHMSE) and Video Coding
employing Modified Dual-Tree Wavelet with coalescence
of H.264 along with Modified Spiht Encoding technique
(VCMDTWHMSE). Here, these methods are analyzed by
utilizing various performance metrics. The block representa-
tion of VCDWCHMSE is shown in Fig. 2, which is a general
diagram of all the techniques covered in this phase.
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Fig.2 Block representation of
VCDWCHMSE Input Video
l H.264 and
Frames Biorthogonal Wavelet Modified Spiht
l l Encoding
Transform Symlet Wavelet 'l'
l l Decoder
Dual Tree Wavelet Coiflet Wavelet l
Inverse
l l Transform
3D Dual Tree Wavelet Demeyer Wavelet l
l l Output
Curvelet e Mexican Hat Wavelet
Modified Dual Tree
Wavelet

3.2.1 Encoding procedure

The video is initially uploaded and converted into frames by
utilizing Matlab software. For decomposition, the Biorthog-
onal wavelet Transform is used for VCBWHMSE, Symlet
Wavelet is used for VCSWHMSE, Coiflet Wavelet is used for
VCCWHMSE, Demeyer Wavelet is used for VCDWHMSE,
Mexican Hat Wavelet is used for VCMHWHMSE, DTCWT
is used for VCDTWHMSE, 3D DTCWT is used for VCDT-
3WHMSE, Curvelet is used for VCCHMSE, and modified
DTCWT is used for VCMDTWHMSE. For the encoding
process, H.264 is used to encode low-frequency frames and
modified SPIHT is used to encode high-frequency frames.
After the compression process is completed, the perfor-
mance of this system is evaluated with the help of various
parameter metrics. At last, the compressed video is either
transferred or saved.

3.2.2 Decoding procedure

The video is decoded using H.264 and a modified SPTHT
algorithm. Next, an inverse Transform for reconstructing
the original video is applied and the video is reconstructed.
In this phase, different encoding techniques were analyzed
with respect to WT. Transform and encoding step is most
important while doing compression. For doing the encoding
process, the combination of H.264 and modified SPIHT is
used and it is fixed for all comparisons. For doing transform

function, Biorthogonal Wavelet, Coiflet Wavelet, Demeyer
Wavelet, Mexican Hat Wavelet, DTCWT, 3D DTCWT,
Curvelet, and Modified DTCWT are utilized. With the help
of various performance metrics like CR, PSNR, MSE, and
SSIM, Modified DTCWT gives better performance related
to other methods. Therefore video coding employing modi-
fied dual-tree wavelet with coalescence of H.264 along with
modified SPIHT encoding technique gives better perfor-
mance compared to other techniques. The working principle
regarding this new technique is illustrated in the next phase.

4 Development and implementation
of efficient video coding using
multi-resolution techniques

The transforming part of this VCWTDE technique is sta-
ble, but the encoding part varies. When the performance of
these approaches is compared using various performance
metrics, VCWHMSE produces better results, therefore, the
coalescence of H.264 together with the modified SPTHT
encoding technique is chosen as the best encoding method.
The transforming part of VCWTDE varies, whereas the
encoding part remains constant. When evaluating the per-
formance of these approaches using different performance
metrics, VCMDTWHMSE produces better results, hence use
modified DTCWT as the transform part. VCMDTWHMSE
is compared with different methods such as VCWMSE,
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VCWHMSE, and VCDTWHMSE. These three methods are
related to the proposed work, therefore they are taken for
comparison. In VCWMSE, video is compressed using wave-
let and modified SPIHT encoding method. In VCWHMSE,
video is compressed using wavelet and combination of
H.264 and SPIHT encoding method. In VCDTWHMSE,
video is compressed using DTCWT and a combination of
H.264 and SPIHT encoding methods.

When using VCMDTWHMSE for video coding, the
video is first changed by frames, and then those frames are
decomposed using a modified dual-tree wavelet transform.
H.264 and modified SPIHT are used for encoding, while
the reverse technique is used for decoding. In this research,
the dual-tree wavelet transform is modified by integrating
Dual tree Complex Wavelet Transform along with Discrete
Fractional Fourier Transform (DCWTDFFT). The modified
DTCWT characterize the advantages of DTCWT and DFFT.

4.1 Development of modified transform DCWTDFFT

The DTCWT is a primary technique in our approach, and
it will be derived by merging the DTCWT with the DFFT.
DCWTDFFT, which combines the exhilarating mathe-
matical processes of DTCWT and DFFT, is the proposed
method. To deconstruct the transform matrix, the discrete
Fourier Transform is employed, and Eigenvalues are used
to find the DFFT. The DFT is first concentrated, which is a
discrete version of the Fourier Transform. The N-point DFT
set is described as in Egs. (1) and (2) as

X(K) = Z L xme TN k=01, ... ... N-1
(D
1 N-1 .
xn) = — Y XKV, n=0,1,... ... N-1 ()
v

1 . . . .
Here,ﬁ is a normalization parameter and it formulates

the DFT and IDFT unique.
The N-point DFT in Eq. (1) can be denoted in a matrix
format and it is shown in Eq. (3) as:

Y . (oha-m+iota-m)+i Y

f =
+i i D}ﬂ(l//jl([—n)+i1//j2(t—n)> +ii i
Jj=j0 n=—oc0 Jj=j0 n=-co

1 1 1 1
. 21 .27
1 e /¥! e N2 .. gIFW-D
.21 . 2 .21
1 e_]Wz e_-774 e_«’Wz(N_l)
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L
VN

o T =D =1)

3

By utilizing the idea of a complex wavelet then the com-
plex wavelet operation is specified as

1 e—ﬁN”av 1) —12—"<N n2

fO = ¥, ¢, (@, @=m+ip2,¢-n)
T 4
+ X0 (v a-m+ivia-m),
Jj=jo n=-co
where €, and D¢; , becomes the scaling and wavelet quan-

tities cooperated along with the complex wavelet transform
and are stated as in Egs. (5)—(8)

CjL'.o,n = <f’ (pj(’> = /n

[+

fO@ !t —n)+ig} (& —nydi

=—0c0

5
G, =l 25) =Cj,, +iC,, (6)
b;, = (fow) = nz_mf(t)q)fo(t —n) +i(pjo(z —n)dt
@)
Dj, = (f-w) = D, +iDj,. @®)

Using Egs. (6) and (8), Eq. (4) can be rewritten as and it
is shown in Eq. (9) as

f) = i (Cln+i€2,,) (o)

= +ie2 —n))

+ Z Z (D‘ +iD? ) <w]_' @ —n) + iyl —n)>.
i=jo n=—oo
©))
The Eq. (9) can be rearranged as

2 (@l t=m+iola-n)

10)

Djl’n<1//jl (t—n)+ il//jz(t - n)).
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Then, changing the real and imaginary elements from the
equation, we get the equation as

£ = < Y Chu(oht-m+ioha-m)+ Y ¥ Dl (- + iy - n)>>

n=—oo Jj=j0 n=—c0

is chosen for operation, it is referred to as the imaginary
DTCWT.

an

+i < ; (@2, a-m+ioha-m)+ Y Y DL (we—m+iie- n)))

=0 n=—co

Based on the earlier equation, it was noted that two wave-
let tree structures are calculated by utilizing complex-valued
scaling and wavelet operations. Accordingly, this transform
is basically represented as DTCWT. The DTCWT’s most
important principle is that real and imaginary divisions
of the trees have the ability to efficiently reproduce data.
Accordingly, the inverse DTCWT will be considered on the
inverse wavelet transform of the real and the imaginary trees.

Because the DTCWT delivers two quantities in compari-
son to the WT, it is twice as valuable. As the parameters
of the operation rise, the computational time will increase.
Along with an N-d functions f (t,): k=1, 2.... N, the time
difficulty of the DTCWT is provided as shown in Eq. (12).

Tpr—cwr = 2N Tyr. (12)

Here, Ty becomes the time difficulty of the WT in the
N-d function. As a result, the DTCWT corrects the WT’s
shortcomings at the expense of time complexity. A smart
way to reduce time difficulties is to choose any real or
imaginary tree that corresponds to the requirements for the
required basis. When a real tree is chosen for operation, it
is referred to as the real DTCWT. When an imagined tree

Typically, the DFrDT-CWT of any operation is propor-
tional to the FFT combined with the DT-CWT to obtain the
DFrDT-CWT of the input operation. The basic concepts of
the DFfDTCWT are expressed as:

1. DTCWT function: the DFrDT-CWT of sequence
a =0, i.e. utilizing « = 0 for obtaining the DTCWT of
the input.

2. Operator with Double Frequency: the definition of the
operator with double frequency is that the input signal is
changed in two separate transforms in succession. The
DFrDT-CWT operated a=n/2 will be the operator with
double frequency and the DFrDT-CWT with sequence
a=n/2 provides the double frequency conversion output.
3. Successive program of the DFrDT-CWT: successive
functions of the DFrDT-CWT are identical to a single
transform and the order is identical to the addition of the
separate orders.

A better way to make the DFrDT-CWT easier to execute
is also suggested. The DFrDT-CWT was an action on the
DTCWT in the discrete fractional Fourier domain, according
to the previous description. Because of the rotation of the
time—frequency plane across an arbitrary angle, the DFrFT

Fig. 3 Decomposition and DECOMPOSITION RECONSTRUCTION
reconstruction process for —— — i ————
DFtDT-CWT r 1 r 1
INPUT p—)] [NVERSE DTCWT

o I I ] 1

5 1 | 1 I

O

[

g — DFrDT DFrDT-CWT INVERSE DFrDT

1

2

o | I | I

H I I 1 I

DTCWT RECONSTRUCTION
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includes a different concept for representing information
in the spatial and frequency domains. The DTCWT has a
multi-resolution application in this regard. The DFrfDTCWT,
which displays the multi-resolution property, is the result of
the collaboration of these two domains.

As a result, the forward DFrDT-CWT capability is
obtained by computing the DFrFT on the input signal along
with the optimal fractional order in conjunction with the
DTCWT. Although the regeneration can be completed to
return to the input signal’s plane by increasing the inverse
DTCWT in conjunction with the inverse DFrFT. Hence, the
forward DFrDT-CWT is acquired by first computing the
DFrFT along the optimal fractional order o on the input
signal with the DTCWT, although the regeneration can be
completed by enhancing the inverse DTCWT in connection
with the inverse DFrFT to go back to the plane of the input
signal. Figure 3 represents the decomposition and recon-
struction process for DFrDT-CWT.

4.1.1 Decomposition

1. Transform Order (a) Optimization: in this process, the
optimal quantity of the transform order (a) is measured.
2. Perform the DFrFT along with the transform.

3. Operate the DTCWT on the attained transformed sig-
nal from the earlier process.

4.1.2 Reconstruction

1. Operate the inverse DTCWT on the attained trans-
formed signal.

2. Operate the inverse DFrFT of transform order o along
with the transformed signal that is attained.

4.2 Development of modified SPIHT algorithm

The SPIHT is a commonly used compression method for
wavelet-transformed images. SPIHT is a much easier, sys-
tematic, and fully inserted codec that provides better image
standard, high PSNR, suitability for the most recent image
conveyance, perfect coordination among distortion defense,
and create information on demand, but it does have a few
drawbacks that must be overcome in order for it to be used
effectively. The slow processing speed is, however, one of
the most important disadvantages. According to experimen-
tal results, the original SPIHT algorithm has a low coding
efficiency since it uses a lot of bits to encode insignificant
coefficients. Furthermore, while the energy of an original
image is concentrated on the wavelet-transformed image’s
lost frequency band, the original SPIHT method stores all of
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the wavelet coefficients in a comparable manner. As a result,
a huge number of redundant 0 bits are produced, which has
a significant impact on its coding efficiency. Scanning wave-
let coefficients from largest to smallest during the encoding
process, on the other hand, consumes a lot of bits for insig-
nificant coefficients.

This work proposes a development approach for encoding
the LIS and LIP to address the aforementioned issues. The
experimental results show that the modified SPIHT method
outperforms the original SPIHT algorithm in terms of PSNR
values and visual quality by drastically reducing the number
of output 0 bits. In this stage, we’ll reduce the redundancy
in the original SPIHT-based compression technique. In this
paper, we improve the SPIHT (Modified SPIHT) algorithm
by presenting a new scheme for encoding the LIS and LIP
to control the redundancies that remain in the traditional
SPIHT. The improved algorithm’s approach is detailed
below.

4.2.1 Modified scheme in LIS coding
Step 1

(a) Set threshold value as 70 = 2n, for all the coefficient
‘n’ is the largest integer in the logarithm of the highest
merit.

(b) Starting value of LIS is set as the child node of the root
node.

Step 2

(a) Obtain the set in LIS. If LIS is D-set, then proceed to
step 3 if LIS is L-set, then proceed to step 4.
(b) If not proceed to step 6.

Step 3

(a) Result will be “0” when coefficient in the D-set is not
vital and step 6 will be performed. If this is not the
case, the outcome will be “1” for the coefficient in the
D-set.

(b) If the coefficient is more than 4, the result will be “1”
again, and the coefficient will be linked to L-set. If it
has a child node, step 2 will be performed.

(c) When the coefficient is less than 4, the O-set is pro-
cessed, and the coefficient is placed in the O-set; when
the coefficient is more than TO, the second result is “1,”
and the coefficient is placed in the LIS.

(d) When the coefficient is less than TO and placed in LIS,
the result will be “0.”

(e) Then upgrade LIS.
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Step 4

(a) When the coefficient in the L-set is not important, the
result will be “0,” and step 6 will be performed.

(b) If not, when the coefficient in the L-set is critical, the
results will be “1” and the L-set will be divided into
four D-sets.

(c) Upgrade LIS.

Step 5

(a) When the coefficient in O-set is not important, the out-
put is “0,” and the process moves on to step 6.

(b) The coefficient in the O-set is crucial, because the out-
putis “1” and the L-set is divided into four D-sets.

(c) Upgrade LIS.

Step 6

(a) The operation is finished when the LIS is clear.
(b) If the LIS is not clear, it proceeds to step 2.

4.2.2 Modified scheme in LIP coding

For the original SPIHT algorithm, wavelet coefficients of
LLn, LHn, HLn and HHn bands are arranged in LIP for n
level DWT. These coefficients in LLn are relatively larger
than those in other bands, while all of them in LIP are
processed simultaneously. The original SPIHT first trav-
erses through LLn and then other bands (LHn, HLn, and
HHn). Due to the weakness of LIP, a large quantity of 0 bits
unnecessary for accurate reconstruction is encoded in the
bitstream.

It is worth noting that there is no significant coefficient
in LLn in the case of the threshold. The optimization of LIP
is proposed in the aforementioned study [42, 43] to stop
encoding inconsequential coefficients once all significant
coefficients have been encoded. The main idea of the pro-
posed method is to add an additional bit L representing the
number of significant coefficients in LIP encoded. In LIP,
the sum of significant values is designated as S, and it is
calculated, after which the coefficients in LIP are encoded
until L is similar to M (maximum coefficient). The proposed
optimization approach for the original SPIHT can save a
significant number of bits that would otherwise be needed
to encode insignificant coefficients.

5 Results and discussion

In this phase, the results of the experiments are discussed,
and a comparative analysis of the result is presented. The
optimum and efficient solutions are proposed to overcome

Table 1 Details of the input video set

Input Length (s) Frame Frame Format Size
videos height width

VIP traffic 8 120 160 Avi 6.59 MB
Video 59 240 320 Avi 1.43 MB
Dance 30 240 320 Avi 880 kb
Earth 30 360 640 Avi 809 kb
Foreman 30 - - Avi 466 kb

the identified problems. Three different phases with clas-
sification schemes were re-explained and evaluated. The
proposed methods were simulated and tested using Mat lab
R2014a. The results of the existing and proposed algorithms
are checked using various performance analyses. The per-
formance metrics such as PSNR, SSIM, CR, and MSE are
obtained based on the following equations.

Mean Square Error: the distortion between the original
and reconstructed image is represented as Mean Square
Error (MSE).

a b

1
MSE:EZ

i=1 j=1

[x(a, b) - y(a, b)]’ (13)

Peak Signal to Noise Ratio (PSNR): the ratio between
the maximum power value of a signal to the distortion noise
which affects the quality of the video. A maximum PSNR
value represents an improved video quality [48, 49]. The
PSNR value is computed using the below equation:

2
PSNR = 10 log <%) (14)

Structural Similarity Index (SSIM): this process involves
two videos/images and checks the similarity between the
original and reconstructed image. Different factors such as
local contrast sensitivity, local structure similarity, and local
luminance sensitivity are taken into account.

(24, 1y + K1) (20, + K2)

SSIM =
(Maz My + Kl) (%2 t oy, t+ K2)

s5)

The mean values of the local luminance are represented
as u, and p,,. The standard deviation of the actual and recon-
structed images is represented as o, and o, based on the
luminance similarity. The local contrast sensitivity of the
original and reconstructed image is represented as K/ and
K2.

Compression Ratio (CR): it measures the capability of the
data compression technique by comparing the reconstructed
image size to the actual image size.
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Fig.4 Various input videos
used in this video coding a VIP
traffic. b Video. ¢ Dance. d
Earth. e Foreman

Table2 PSNR, CR, SSIM, and MSE representation of VCWTDE by
using VIP traffic input video

Techniques Input video PSNR MSE SSIM CR

VCWHE VIP traffic 39.28 7.67 0.26 0.72
VCWSE VIP traffic 43.58 2.85 0.53 1.64
VCWHSE VIP traffic 47.09 1.27 0.8 2.18
VCWHUSE VIP traffic 45.60 1.79 0.75 2.05
VCWLE VIP traffic 43.16 3.14 0.52 1.61
VCWMSE VIP traffic 4391 2.64 0.62 1.69
VCWHMSE VIP traffic 50.49 0.58 0.82 2.21

@ Springer

(b)

(d)

Lsize

CR =

c_ 16)

size

where ig; , is the input image size and C;_, is the compressed
output image size. Table 1 represents the details of input
video sets that are used in video compression for evaluating
the performance of existing and proposed techniques.
Figure 4 represents various input videos. (a) represents
of VIP traffic, (b) represents video, (c) represents Dance, (d)

represents Earth and (e) represents Foreman.
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Fig.5 Performance characteris-
tics of VCWTDE by using VIP

traffic input video

Table3 PSNR, CR, SSIM, and MSE representation of VCDW-

60

50

40

30

20

10

CHMSE by using VIP traffic input video

VIP

TRAFFIC
VCWHE

Techniques Input video PSNR MSE SSIM CR
VCBWHMSE VIP traffic ~ 39.28 7.67 026  0.53
VCSWHMSE VIP traffic 4744 1.17 0.3 1.64
VCCWHMSE VIP traffic 4826 097 0.81 2.18
VCDWHMSE VIP traffic 4835 095 0.75 2.05
VCMHWHMSE  VIP traffic 4889 0.84 0.72 1.61
VCDTWHMSE VIP traffic ~ 48.17 099 0.71 1.69
VCDT3WHMSE  VIP traffic  49.05 081 0.77 2.21
VCCHMSE VIP traffic ~ 47.13 126 0.62  0.76
VCMDTWHMSE  VIP traffic 5296 0.33  0.82  2.64
Fig.6 Performance characteris- 60

tics of VCDWCHMSE by using
VIP traffic input video

M PSNR
MSE
o SSIM
mCR
i -l - i - -
VIP VIP VIP VIP VIP VIP

TRAFFIC TRAFFIC TRAFFIC TRAFFIC TRAFFIC TRAFFIC
VCWSE VCWHSE VCWHUSE VCWLE VCWMSE VCWHMSE

5.1 Performance analysis of VCWTDE

The video compression methods are tested using different
input video sequences. The results are checked using vari-
ous performance analyses. PSNR, SSIM, CR, and MSE are
used to check the efficiency of the techniques, and Mat lab
R2014a is used for execution. The input videos used here
are VIP traffic, foreman, video, dance, and earth. The meth-
ods which are used for analyzing VCWTDE are VCWHE,
VCWSE, VCWHSE, VCWHUSE, VCWLE, VCWMSE, and
VCWHMSE. For every method, efficiency is checked using
various quality metrics and corresponding results are noted.

For doing the transform part in this process, take EWT is
for decomposition and it is constant for all comparisons. The
encoding part is varied and chooses H.264, SPIHT, Huffman

m PSNR
MSE

m SSIM

mCR
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Table4 PSNR, CR, SSIM and

- . Techniques Input video PSNR MSE SSIM CR

MSE representation of efficient

video coding using multi- VCWMSE VIP traffic 4391 264 062 1.69

resolution techniques VCWHMSE VIPuaffic 5049 058 082 221
VCDTWHMSE VIP traffic 48.17 0.99 0.71 1.69
DES [34] VIP traffic 48.65 0.98 0.69 1.58
ES-KFE technique [35] VIP traffic 48.21 0.98 0.68 1.72
Equal partition-based clustering approach [36] VIP traffic 39.65 3.01 0.59 0.99
Event bagging [37] VIP traffic 38.65 3.21 0.58 0.88
Deep event learning boost-up approach [38] VIP traffic 47.54 0.82 0.65 1.15
SOMES [39] VIP traffic 48.69 0.95 0.69 1.24
ESUMM [40] VIP traffic 48.65 0.98 0.68 1.21
EVS-DK [41] VIP traffic 48.17 0.95 0.71 1.69
Key-lectures [42] VIP traffic 49.32 0.74 0.69 1.78
Proposed VCMDTWHMSE VIP traffic 52.96 0.33 0.82 2.64

coding, LZW, and modified SPIHT. Here, combinations of
two encoding techniques are used for getting better perfor-
mance. With the help of various performance matrices like
CR, PSNR, MSE, and SSIM, the combination of H.264 and
modified SPIHT gives better performance. The experimental
outcomes display that VCWHMSE shows better values by
comparing other techniques.

Table 2 represents various performance comparisons of
VCWTDE using VIP traffic input video and Fig. 5 denotes
the performance characteristics of VCWTDE using VIP traf-
fic input video.

5.2 Performance analysis of VCDWCHMSE

The results are checked by using various performance
analyses. Here, PSNR, SSIM, CR, and MSE are utilized
for checking the efficiency of the process. Matlab R2014a
is used for executing the program. The input videos used
for this evaluation are VIP traffic, foreman, video, dance,
and earth. The methods which are included for analyzing

Fig.7 Performance charac-

teristics of efficient video

coding using multi-resolution CR
techniques

S55IM

MSE

PSNR

@ Springer

the VCDWCHMSE are VCBWHMSE, VCSWHMSE,
VCCWHMSE, VCDWHMSE, VCMHWHMSE,
VCDTWHMSE, VCDT3WHMSE, VCCHMSE, and
VCMDTWHMSE.

From the previous analysis, VCWHMSE gives better
performance, therefore H.264 and modified SPIHT are
selected as an encoding technique for improving the effi-
ciency of video compression. For every method included
in this evaluation, efficiency is checked by using various
quality metrics and corresponding results are noted. In this
technique, different encoding techniques are analyzed with
respect to a constant encoder. The combination of H.264
and SPIHT is employed for the encoding process, and it
is consistent across all methods included in this strategy.
For doing transform function, Biorthogonal Wavelet, Coiflet
Wavelet, Demeyer Wavelet, Mexican Hat Wavelet, DTCWT,
3D DTCWT, Curvelet, and Modified DTCWT are used.
Modified Dual-Tree Wavelet improves performance by
utilizing several performance matrices such as CR, PSNR,
MSE, and SSIM. As a result, modified DTCWT is selected

uVCMDTWHMSE
VCDTWHMSE

B VCWHMSE

mVCWMSE
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Fig.8 Reconstructed output
images of the proposed method
using the input video a video, b
foreman, and ¢ Earth

Proposed

(@)

as the optimal transform for video compression. Therefore
video coding employing modified dual-tree wavelet with
coalescence of H.264 along with modified SPIHT encod-
ing technique gives better performance compared to other
techniques.

Table 3 represents PSNR, CR, SSIM, and MSE represen-
tation of VCDWCHMSE by using VIP traffic input video
and Fig. 6 represents the performance characteristics of
VCDWCHMSE by using VIP traffic input video.

From Table 3 and Fig. 6, it is clear that the proposed
transform modified dual-tree wavelet gives better results
compared to the other techniques. As a result, this transform
is chosen for the next comparison analysis, and video coding
with modified DTCWT and modified encoder outperforms
other techniques.

5.3 Performance analysis of efficient video coding
using multi-resolution techniques

When evaluating performance using different performance
metrics, the VCMDTWHMSE methodology produces bet-
ter results to fix modified DTCWT as the transform com-
ponent. Next, the proposed VCMDTWHMSE technique
is compared with the state-of-art techniques such as DES:
Fast and deep event summarization (DES) [34], Eratosthenes
sieve-based keyframe extraction (ES-KFE) technique [35],
Equal partition-based clustering approach [36], Event bag-
ging [37], Deep event learning boost-up approach [38], Self-
Organizing Map (SOM) technique for event summarization
(SOMES) [39], Event summarization on scale-free networks
(ESUMM) [40], Event video skimming using deep keyframe
(EVS-DK) [41], and keyframes extraction in video lectures
(Key-lectures) [42]. The other three methods already shown
in the previous section are also used for comparison here.
Here, the comparison is used for verifying that the proposed
method performance is better than other methods.

Table 4 represents various performance comparisons of
efficient video coding using multi-resolution techniques
using VIP traffic input video. The performance of certain

Froposed

Proposed

(b) (©)

techniques such as DES [34], ES-KFE technique [35],
Equal partition-based clustering approach [36], Event bag-
ging [37], Deep event learning boost-up approach [38], and
SOMES [39] are low due to the large overlap between the
objects and disordered motions. Techniques like ESUMM
[40], EVS-DK [41], and Key-lectures [42] suffer from a lack
of summarization capacity and treat each keyframe in the
video identically. The performance characteristics of effec-
tive video coding utilizing multi-resolution methods with
input video VIP traffic are depicted in Fig. 7.

This analysis shows that the proposed VCMDTWHMSE
method (Fig. 8) achieves better results and comparable per-
formance than other strategies, as well as overcoming their
limitations. The performance factors PSNR, CR, SSIM, and
MSE get better values compared to other methods in the
table.

6 Conclusion

This work aims to develop an efficient video compression
technique with the help of multi-resolution techniques and it
is suitable for multimedia applications. The proposed VCM-
DTWHMSE methodology uses the modified DTCWT trans-
form for decomposition and a combination of H.264 and
modified SPIHT for encoding. In the first phase, different
encoding techniques are analyzed and the best encoder is
selected for doing compression. The combination of H.264
along with the modified SPIHT encoding technique is said to
be the best encoding method based on the results obtained.
In the second phase, different transform techniques are eval-
uated and the best transform is selected for doing compres-
sion. For the encoding process, the combination of H.264
and SPIHT is used and it is constant for all comparisons.
Therefore, video coding employing modified DTCWT with
coalescence of H.264 along with modified SPIHT encod-
ing technique gives better performance. In the third phase,
the development and implementation of efficient video cod-
ing using multi-resolution techniques were explained and

@ Springer
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implemented. By comparing the performance using various
performance metrics like PSNR, CR, SSIM the proposed
method gives better results.
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