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ABSTRACT

Revolutions in communication systems are increasing extensively. As far as multimedia communication systems
are concerned, technology has shifted from analog television to digital television. Owing to the extensive
applications of users, data compression are said to be more significant to reduce system resources. Also, an
increase in data size necessitates excessive transmission bandwidth. This navigates the advancements in
compression and therefore the requirement of a new codec. Numerous algorithms are utilized in achieving image
compression and are categorized in terms of codecs. Moreover, the employment of video compression technology
like High Efficiency Video Coding (HEVC) minimizes the system resource utilization to name a few being memory
utilization, bandwidth and processing time. This is feasible by minimizing the video codecs complexity without
compromising on video quality output both in terms of time and computational efficiency. With this objective in
this work a method called, Dynamic Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO)
employing HEVC video encoder/decoder on 8 core DSP processors to ensure time and computational efficient
robust multimedia communication is proposed. Dragonfly Optimizationin our work is used to optimize the coding
unit partitioning pattern of CTU in HEVC video encoder/decoder. This is done by employing Quantile Regression
analysis for identifying the fitness of all CU partitioning pattern on the basis of the multiple objectives. With this,
optimal CU partitioning pattern in HEVC standard is identified to efficiently encode/decode the frames in the
video images. This helps to achieve robust multimedia communication using multi-core DSP processor.
Simulations are performed to analyze the DORMDO method in terms of bandwidth, latency and throughput. The
obtained results show that the DORMDO method attained better performance than the conventional methods.

Keywords: High Efficiency Video Coding, Video Compression, Quantile Regression, Multiobjective Dragonfly
Optimization, Multimedia Communication

1. INTRODUCTION

In the course of the past few years, the world of multimedia has observed an authentic insurgence through the
arrival of a myriad of applications where digital videos are found to be ubiquitous. This insurgence is be
associated by users’ interest in intriguing and high quality video contents and by the plan of actions assisting
video sharing concerning video streaming, messaging manifestos and so on. A hybrid HEVC encoder that
integrates two distinct acceleration techniques on the basis of parallel computing and source code optimization
was designed and developed in [1]. The first acceleration technique being a parallel model that employed a
domain decomposition model on the basis of HEVC slice partitioning, that is specifically appropriate for making
use of the shared memory parallelism of multi-core processors. On the other hand, the second acceleration
technique employed optimization methods at CTU level with the purpose of minimizing the quad tree splitting
procedure complexity by means of a CNN, therefore significantly reducing the intra coding time considerably.
With the evolution of artificial intelligence (Al)-based multimedia numerous video-based services has been
designed over the past few years for video surveillance with high definition (HD), ultra-high definition (UHD)
and mobile multimedia streaming. However, these new services necessitate higher video quality to attain the
objective of quality of experience (QoE) indispensable by the users.Wide-activated Squeeze and Excitation Deep
Convolutional Neural Network (WSE-DCNN) was proposed in [2] to ensure video quality enhancement.With this
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type of design eliminated the requirement of compression artifacts therefore enhancing the visual quality and
improving the overall end user QoE.

Nevertheless certain research works presumes to have information pertaining to the workload prior to decoding
process itself. Some other does not employ contemporary asymmetry characteristics of mobile structure. To focus
on this issue, a method based on classification and frequency scaling was proposed in [3]. Initially during design
time classification of frames on the basis of type and size was modeled. Followed by which the decode process
was structured and finally, selected frequency was fine tuned arbitrarily on the basis of output buffer size. HEVC
extensively minimizes bit-rates upon comparison to the previous H.264 standard but at the expense of
exceptionally elevated complexity involved in encoding. This is due to the reason that in HEVC, the quad-tree
partition of coding unit (CU) is said to consume a proportionate amount of HEVC encoding complexity, owing to
the optimization involved in rate distortion.In [4], a deep learning method for predicting CU partitioning for
minimizing HEVC complexity involved at both intraand inter-modes, based on convolutional neural network
(CNN) and long- and short-term memory (LSTM) network was proposed. Yet another method taking into
considerations the spatial temporal complexity involved was presented in [5] on the basis of hierarchical LSTM
that in turn reduced the computational time considerably.

Double compression detection is considered as one of the fundamental process while performing digital video
integrity analysis. This is due to the reason that while performing digital video integrity analysis is considered to
be the major aspects in video forensics. But, most of the prevailing methods are found to be highly susceptible
with the severe lossy quantization and as a result are considered to be most demanding to acquire frame-wise
detection results in a reliable manner. In [6], a hybrid neural network was designed to obtain abnormal frames in
HEVC videos with double compression by means of robust spatial-temporal representations in the compression
domain itself. As a result, bit rates was said to be improved considerably. A detailed search space analysis on
HEVC was investigated in [7] and [8].Owing to the extensive evolution of both multi-medias and internet
utilizations, significant video transmission via HEVC is considered to be the most major concerns. Also to
transmit video stream in an efficient manner via internet video coding process is utilized that in turn compresses
digitized video data. As the postulation of quantization matrix becomes a significant characteristic in prevailing
video CODECs, an optimized quantization matrix is being contemplated in the HEVC standard.In [9], entropy
encoding by acquainting optimized quantization matrix was presented that in turn ensured higher rate of
compression upon comparison to the improved entropy encoding. Also, to circumvent attacks efficient embedding
mechanism was designed in [10] that by employing stego-message ensured expectations of security in an
extensive manner.

1.1 Contributions of the work

Taking into consideration the above performance metrics and to solve the above said issues, in this work a method
called, Dynamic Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO) employing HEVC
video encoder/decoder on 8 core DSP processors to ensure time and computational efficient robust multimedia
communication is proposed. The essential contributions of DQRMDO are listed below,

e To improve the throughput rate for efficient robust multimedia communication, DQRMDO method is
proposed. The DQRMDO method is introduced by applying the quantile regression based fitness function and
multi-objective dragon fly optimization on contrary to existing work that used artificial intelligence technique.

e To improve the bandwidth and latency, multiple objective functions like rate distortion cost and energy
consumption are utilized via Quantile Regression function. Also by employing this dynamic Quantile
Regression functions permits in comprehending relationships between variables (i.e., RD cost and energy
consumption).
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e To improve the throughput factor, Dynamic Multiobjective Dragonfly Optimization algorithm is employed
that uses three distinct processes, separation, alignment and cohesion on the basis of the prevailing frame
positioning of an available CU at a definite time instance and the nearest frame positioning.

e The performance was evaluated through extensive simulations with short videos dataset and validated with the
state-of-the-art methods.

1.2 Organization of the work

The rest of the paper is organized as follows: Section 2 describes certain prior methods and basic concepts related
with HEVC using optimization techniques in combination with coding standards. Section 3 elaborates the
proposed method, Dynamic Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO) employing
HEVC video encoder/decoder on 8 core DSP processors. Section 4 elucidates the experimental setup followed by
implementation details in Section 5. Section6 presents the performance metrics and the results that verify and
validate the applicability and the robustness of the DQRMDO method. Finally, Section 7 gives the concluding
remarks.

2. RELATED WORKS

In recent days, both video and multimedia content are exercising control over the Internet. The advantage of
HEVC remains in boosting compression performance upon comparison to the prevailing standards and hence
constitutes a paramount step as far as video compression technology is concerned. But the enhancement is said to
be arrived at only by elevating the encoding complexity. In [10], an HEVC-adaptable mechanism with the
purpose of both hiding and obtaining high resolution videos were obtained. This was ensured on the basis of
enhancement of certain blocks via luminance. With this the video quality was said to be maintained in a
considerable manner. A holistic review and challenges involved in the design of multimedia service delivery via
continuous time varying quality models was designed in [11].Nevertheless, the prevailing rate control streamlines
updates it parameters based on a predetermined initialization that in turn would result in certain types of
prediction errors of bit allocation. To address on this issue, a learning-based mapping method was designed in
[12] to arrive at an accurate and precise target bit rate and good video quality in an extensive manner. Good video
coding quality for low-bitrate applications are considered to be the need of the hour as far as transmission of
bandwidth in a narrow fashion and constrained capacity in terms of storage. HEVC, a mentioned earlier is
considered to be the acceptable replacement as far as encoding ultra-high-definition video. Upon comparison to
other prototypes, HEVC utilizes numerous coding mechanisms to discard redundancy present in inter and intra-
frames.

An orthogonal frequency division multiplexing for multimedia wireless communication was presented in [13].
Here, block code employing rate less space time was employed to improve both bit error rate and PSNR
significantly. Yet another method employing an adaptive down sampling-based coding model was designed in
[14] with the purpose of enhancing the bit rate efficiency involved in compression of HEVC. This in turn resulted
in maximum improvement in terms of both PSNR and bit rate significantly. Nevertheless, these mechanisms
increased the complexity involved in the computational process particularly performed during the inter-prediction
process. To improve the complexity an effective prediction mechanism for enhancing HEVC inter-coding was
proposed in [15]. Here, a fast decision method was designed by taking into considerations the spatial association
between the prevailing block and its adjacent block in the previous frame. With this the coding time was saved
considerably.With the 5G network complexity and the multifarious necessitates for multimedia content and video
transmission, in distinct channel environments good performance of digital media content transmission is
considered to be one of the major challenges to be addressed. On the basis of the code stream structure features of
screen content in HEVC, a joint source channel coding (JSCC) method to analyze and validate compressed video
transmission in wireless channels was presented in [16]. Yet another dragonfly optimization method to minimize
overhead and ensure high quality video was proposed in [17].
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However, the methods discussed above are said to be applied externally on confident users or computers, and
there has been a dearth of similar methods that can be efficiently performed via an un-trusted transmission
medium. In [18], a self-embedding-based High-Efficiency Video Coding (HEVC) transmission and integrity
verification method was proposed to ensure high protection and robust multimedia communication. Yet another
optimized allocation method employing frame level bit allocation was presented in [19] to not only improve bit
rate accuracy but also enhance the PSNR rate in a significant manner. Yet another method to minimize the
complexity involved in encoding without minimizing the video conferencing quality was designed in [20].

Here we present an improved optimization method for robust multimedia communication using multi-core DSP
called, Dynamic Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO) using short videos
dataset. The proposed dynamic Dragonfly Optimization optimized the coding unit partitioning pattern of CTU in
HEVC video encoder/decoder. Quantile Regression analysis on the other hand identifies the fitness of all CU
partitioning pattern on the basis of the multiple objective (i.e., minimal rate distortion cost and energy
consumption). The DQRMDO method results of the optimization for melanoma using short videos dataset are
compared with the state-of-the-art methods for validation.

3. METHODOLOGY

In this section, robust multimedia communication using HEVC standard on 8 core DSP processors called,
Dynamic Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO) is proposed. The DQRMDO
method applies Dragonfly Optimization algorithm to determine the optimal CU partitioning patterns in CTU by
measuring RD cost. With this, fast multimedia communication is ensured. Figure 1 shows the structure of
Dynamic Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO) method.

HEVC multimedia player
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>>5 dragon
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Short videos
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CPU partitioning patterns
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based fitness function

i
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Figure 1 Structure of Dynamic Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO)
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As illustrated in the above figure, the proposed DQRMDO method for HEVC video encoder/decoder on 8 core
DSP  processors  different numbers of videos are acquired from short videos dataset
https://www.kaggle.com/datasets/mistag/short-videosand are provided as input. The proposed DQRMDO method
initializes the populations of dragonflies (i.e., CU partitioning pattern) in the search space. Followed by which for
each initialized population, proposed dragonfly optimization determines optimal CU partitioning pattern by means
of computing multiple objective functions. Next, the proposed DQRMDO method performs Quantile Regression
analysis to identify the fitness of all CU partitioning pattern based on multiple objective functions. Here, multiple
objective functions considered are minimum Rate Distortion cost (RD cost) and Energy Consumption (EC). From
this, the best fittest CU partitioning pattern among the population is identified. Finally, global optimal solution
among population is determined to identify the optimal CU partitioning pattern of each CTU in HEVC. With this,
reliable multimedia communication is said to be arrived at employing DQRMDO.

3.1 DQRMDOSystem model

As introduced before HEVC reinforces hierarchical block partitioning it is said to be modeled using quadtree-
based block partitioning construction. Three kinds of units are involved in the quadtree-based block partitioning
structure. They are, Coding Unit (CU), Prediction Unit (PU) and Transform Unit (TU). Figure 2 shows the system
model of DQRMDO.

CTU 64 = 64 CU 32 =32 Tir32 =32

. | cu. TU, | TU,

L> cu, | Cu, \_> TU; | TUy

Inter frame

PU Intra frame

Figure 2 System model of DQRMDO

As illustrated in the above figure, the largest CU is referred to as a Coding Tree Unit (CTU) that is also employed
as the root of a coding quadtree. Each CTU can be further split into smaller CUs in accordance with the quadtree
structure. As noted the CU size differs from CTU (64*64 pixels) to the smallest CU (8*8 pixels). In addition, each
CU in certain case also serves as the root of another quadtree and is referred to as Residual Quad Tree (RQT). A
CU is also split into Partitioning Units (PU) and also each leaf of the RQT is referred to as TU (32*32 pixels to
4*4 pixels). The above quadtree partitioning structure though significantly enhances the HEVC coding
performance, but needs to be performed a comprehensive search over all probable partitioning candidates of CUs,
PUs, and TUs to identify the best and global one. In this work, Dynamic Quantile Regressive Multiobjective
Dragonfly Optimization method is designed to achieve the above objective.

3.2 Dynamic Quantile Regressive Multiobjective Dragonfly Optimization

In this section a Dynamic Quantile Regressive Multiobjective Dragonfly Optimization method for robust
multimedia communication is proposed. The input videos obtained from short video dataset are converted into
frames or images.
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The images or frames in this work are referred as a basic processing unit or Coding Tree Unit (CTU). As
illustrated in the above system model, the CTU HEVC splits the image or frames into different Coding Units
(CU) and then into distinct prediction units (PUs) and finally into transform units (TUs). To obtain an optimal CU
partitioning pattern, optimization of HEVC encoder is perform therefore ensuring reliable multimedia
communication.

Let us consider CU partitioning pattern consisting of ‘> CU patterns with the available partition patterns in
HEVC identified as ‘CU = CUy,CU,, .., CU,°. The proposed multiple objectives Dynamic Quantile Regressive
Multiobjective Dragonfly Optimization are categorized as a meta-heuristic model that is applied to identify the
solution of an optimization problem. In DQRMDO, the multiple objectives include minimum rate distortion cost
and minimum energy consumption.On comparison to the traditional methods, the newly developed method uses a
Quantile Regression analysis model for identifying the global best result within the population in the search space
in a shorter period of time (i.e., encoding/decoding) with improved PSNR and bit rate. By using the Dynamic
Quantile Regressive Multiobjective Dragonfly Optimization algorithm, such parameters as PSNR, bit rate,
convergence speed (i.e., encoding/decoding time) are improved.

CTU 64 = 64

Multiple objective functions
[minimum of rate distortion cost
and energy consumption)]

I

Drvmamic
guaniile
TegTesslon

Separation
Alignment

Short videos
datazet

Cohesion

&

< Global best solution >

Figure 3 Block diagram of Dynamic Quantile Regressive Multiobjective Dragonfly Optimization for robust
multimedia communication (figure modified)

As shown in the above figure, in the proposed DQRMDO method sample video obtained from short videos
dataset is subjected to multiple objective functions, i.e.rate distortion cost and energy consumption. Followed by
which dynamic quantile regression function is applied for associating relationships between the multiple objective
functions and return the results accordingly. Finally, the obtained results are modeled using three stage process of
swarming behaviors, namely, separation, alignment and cohesion to generate global best solution.With this end, in
the proposed DQRMDO method the population of dragonflies (i.e. available CUs) is initialized and the
dragonflies move within the search space.To start the optimization procedure, the CU population prevailing in the
search space is first initialized and is mathematically stated as given below.
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cP ={CU,,CU,, .....CU,} (D

From the above equation (1), ‘CP’ represent the current population of the available coding units
‘U, CU,, ..., CU, . Moreover, to obtain the global best solution, the proposed method creates a dynamic Quantile
Regression function from the current population. The purpose of using this dynamic Quantile Regression function
in our work is that it allows for comprehending relationships between variables (i.e., RD cost and energy
consumption) outside of the mean of data. Moreover, it is also useful in comprehending the output results of CUs
that have nonlinear correlation so that the top 10% CUs can now be diversely correlated from the bottom 10%
CUswhile ensuring robust multimedia communication in a computationally efficient manner. This is
mathematically formulated as given below.

log{MOF,) = a(;y. + . RDCost; (P) +yEC;(P) (2)

From the above equation (2), ‘T’ represent the quantile level of the fitness of all the CU partitioning pattern. Upon
successful completion of the population generation process, the objective function is obtained for each dragonfly
(i.e. CU) according to the abovementioned multiple objective functions. For this purpose, the CU is classified
according to the quantile levels of the video coding parameters (i.e., minimum rate distortion cost ‘RDC’ and
energy consumption ‘EC’) and examined whether the CUs belonging to each quantile level act correctly from the
point of view of the hypothesized theory or not.Moreover, we also additionally investigated which quantile level
of CUs is more vehemently contributed by hypothesized theory based on two videos coding parameters for
obtaining global optimal solution in an extensive manner. For this purpose, initially, the Rate Distortion cost for
each CU is calculated as given below.

Ming .y Lies CD;(P), suchthat T, CB;(P) =< CB.Z%, ACC;(F) < ACC 3)

From the above equation (3), the rate distortion cost is measured by taking into considerations the coding
distortion rate ‘CI;’, coding bits ‘CE;’, assigned computational complexity ‘ACC;’for coding unit parameter set ‘P’
of ‘i —th’ unit with respect to total number of CU units ‘n’ respectively. By introducing the Lagrangian
Relaxation multiplier ‘A’ and splitting the constraints in ‘ACC’ such that ‘ACC,(P) € R™™ ACC,(P) € R™™ ’ then,
the constrained optimization problem in equation (3) is converted as given below.

ming.ry 2oy BDCost; (F) = CD;(P) + AT CB;(F) (OY)

Following which to measure the video encoder/decoder performance under energy constraints, the average video
encoder/decoder distortion measure are evaluated as given below.

FLF pisth, +(cF—EFDizt g
u(Distg, ) = ==L —E5c — —— max ®))]
.
T Disthg o+ (CF —EF)Distymg
ul(Disty,.) = 2=—2== - ~ - max (6)

EC = u(Distz, ) + uDisty, ) 7

From the above equations (5) and (6), the average video encoder ‘u(Disz,.)’ and average video decoder
‘ulDisp.. ) is measured by taking into considerations the total number of frames in current CU ‘CF’, number of
frames encoded ‘EF’ with respect to the maximum distortion ‘Dist,....  of a video frame obtained for simulation.
Finally the energy consumption rate is obtained from equation (7). Depending on the above measure metrics, i.e.,
rate distortion and video encoder/decoder performance under energy constraints, fitness function is measured as
given below.

azr = {RDCost; (F),EC} 8)
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b

From the above equation (8), ‘@zz’ refers to the minimum rate distortion cost and the minimal average video
encoder and decoder under energy constraints. With the above fitness value determined, the CUs of each sample
videos ‘5¥’ are integrated into one and the CUs are sorted according to the fitness value result. The CU with
minimum ‘RDCost;(P)” and ‘EC” is arranged first and on contrary the maximum value are arranged last.

CU = @z (CU) = aze(CUL) = o = ape (CU,) 9)

With this, ‘n’ best available CUs are selected to obtain the global best solution. According to the fitness function
as measured in equation (8), the global best CU in the search space is estimated by means of four distinct
processes, separation, alignment, cohesion, and attraction towards the efficient multimedia communication. To
start with the separation procedure, the current the current frame positioning of the sample video CU and its
nearest frame positioning is measured as given below.

Sep = XL, CPosCU(t) — CPosCU;(t) (10)

From the above equation (10) the results of separation process ‘Sep’ is obtained based on the current frame
positioning of an available CU at time ‘¢°, ‘CPosCU(t)” and the nearest frame positioning at time ‘t’, ‘CPosC Ui (e)°

and ‘m’ represents the number of nearest CUs.

Followed by which velocity of the CUs (i.e., frames magnitude and direction) is measured and the nearest
congruent process is done in the alignment procedure. This alignment procedure is mathematically stated as given
below.

m veljltd

Align = 2j2,

(1)

From the above equation (11), the alignment procedure is performed ‘Vel;(z}’ according to the velocity (i.e., in
terms of magnitude and direction) of nearest CUs at time ‘t’ with respect to the number of nearest CUs ‘m’
respectively. The third procedure is referred to as cohesion. With the basic principle that the CUs be inclined to
travel to the center point of processing units (i.e., in terms of inter frame/ intra frame). This cohesion procedure is
mathematically represented as given below.

m

EFDSCL'J".I.‘J—EFDBCL' 84}

— m
Cohes = L2,

(12)

m

From the above equation (12), cohesion of the CU ‘Cohes’ is measured by taking into consideration, nearest
frame positioning at time ‘t’, ‘CPosCU;(t)’ and current frame positioning of an available CU at time ‘t’,
‘CPosCU(t)’ respectively. Finally, the frame positioning of the CU gets updated to obtain the global best solution.
This is mathematically formulated as given below.

CPosCU;(t + 1) = CPosCU; (£) = ACPosCU; (¢ + 1) (13)
ACPosCU;(t + 1) = {W, (Sep) + W, (Align) + W; (Cohes)}. CPosCU; (£) (14)
From the above equations (13) and (14), step vector for locating the signal direction of the CU is obtained
‘ACPosCU;(t + 1)” based on the weight of separation ‘W, (Sep)’, weight of alignment ‘W (4lign)’, weight of
cohesion ‘W;(Cohes)’ and the current frame positioning ‘CPosC U;(¢)” respectively. With this optimal CU

partitioning pattern of each CTU in HEVC is identified in a significant and robust manner. The pseudo code
representation of Dynamic Quantile Regressive Multiobjective Dragonfly Optimizer is given below.
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Input: Dataset ‘D5°, Sample Videos ‘SV = {5V,, 5%, .., 5V V’

Output: robust multimedia communication

Step 1: Initialize ‘N’, ‘n’, Lagrangian Relaxation multiplier ‘4 = 0.5°, total number of frames in current
CU ‘CF’, number of frames encoded ‘EF’, allowed maximum distortion ‘Dist,,,’

Step 2: Initialize coding distortion rate ‘Cl;’, coding bits ‘CE;’, assigned computational complexity
‘ACC;

Step 3: Begin

Ste 4: For each Dataset ‘D5’ with Sample Videos ‘5¥°

Step 5: Initialize CU population as given in equation (1)

Step 6: Evaluate dynamic Quantile Regression function to obtain global best solution as given in equation
)

Step 7: Evaluate Rate Distortion cost for each CU as given in equations (3) and (4)

Step 8: Measure video encoder/decoder performance under energy constraints as given in equations (5)
and (6)

Step 9: Measure overall energy consumption as given in equation (7)

Step 10: Evaluate fitness function as given in equation (8)

//Separation process

Step 11: Perform separation procedure as given in equation (10)

//Alignment process

Step 12: Perform alignment procedure as given in equation (11)

//Cohesion process

Step 13: Perform cohesion procedure as given in equation (12)

//Global best solution

Ste 14: Obtain global best solution as given in equations (13) and (14)

Step 15: End for

Step 16: End

Algorithm 1 Dynamic Quantile Regressive Multiobjective Dragonfly Optimizer

As given in the above algorithm with the objective of ensuring robust (i.e., withstanding different types of
deliberate or unexpected disturbances) multimedia communication. With this objective, a dynamic and multi-
objective dragonfly optimizer model with multi-objective being satisfied by means of quantile regression function
is designed. First, with the sample videos in the form of videos obtained from the input dataset, CU population is
initialized to perform the process. Second, dynamic Quantile Regression function is formulated to obtain global
best solution. Followed by which, rate distortion cost and energy consumption is evaluated to obtain the fitness
function. Next, the three different processes, separation, alignment and cohesion is applied based on the current
frame positioning of an available CU at a definite time instance and the nearest frame positioning respectively.
Finally, the global optimal solution among population is evaluated to identify the optimal CU partitioning pattern
of each CTU in HEVC.

4. EXPERIMENTAL SETUP

In this work, DSP (Digital Signal Processors) Simulink MATLAB software is utilized to validate the robust
multimedia communication performance of proposed optimization method of HEVC using Multi-Core DSP. In
Simulink, the DSP System Toolbox provides with a library of signal processing algorithm blocks and with these
blocks process streaming input signals as individual samples or as collections of samples referred to as frames.
Moreover to ensure low latency and high throughput, the system toolbox maintains both sample-based and frame-
based processing modes. Also to provide fair comparison between the proposed Dynamic Quantile Regressive
Multiobjective Dragonfly Optimization (DQRMDO) employing HEVC video encoder/decoder on 8 core DSP
processors and existing methods, hybrid HEVC encoder [1] and Wide-activated Squeeze and Excitation Deep
Convolutional  Neural Network (WSE-DCNN) [2], short videos dataset obtained from
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https://www.kaggle.com/datasets/mistag/short-videosis provided as input. Simulations are performed with the
purpose of validating the proposed DQRMDO method in terms of performance metrics like, bandwidth, latency
and throughput with existing conventional methods, hybrid HEVC encoder [1] and WSE-DCNN [2] respectively.

5. IMPLEMENTATION DETAILS

In this study we developed an optimization method for robust multimedia communication called, Dynamic
Quantile Regressive Multiobjective Dragonfly Optimization (DQRMDO) employing HEVC video
encoder/decoder on 8 core DSP processors with low latency, bandwidth and improved throughput.

e The DQRMDO method comprises of two sections, namely, future signal quality prediction and optimal
handover process.

e The DQRMDO method is compared with two existing methods, hybrid HEVC encoder [1] and WSE-DCNN
[2] using short videos dataset to validate the results.

o Initially, the short videos were obtained from the input dataset.

e In the first part, Dynamic Quantile Regressive Multiobjective Dragonfly Optimization model is initially
subjected to multiple objective functions, i.e., minimizing rate distortion cost and energy consumption using
Dynamic Quantile Regression function, therefore ensuring local best solution. Next, with the employed fitness
function, are sorted according to the fitness value result.

e Second, with the obtained local best results, the CUs are subjected to swarm or flocking behaviors by
separately applying separation, alignment and cohesion to arrive at the global optimal solution for robust
multimedia communication.According to the above implementation patterns, three different evaluation
metrics, namely, bandwidth, latency and throughput are detailed in the next section.

6. DISCUSSION

6.1 Performance analysis of bandwidth and latency

In this section the bandwidth involved in robust multimedia communication is detailed. Bandwidth refers to the
capacity at which a network can transmit data. In our work the data is in the form of sample video. To calculate
the bandwidth for sample video streaming, the video duration should be multiplied by the data transmitted per
second. The bandwidth rate is mathematically evaluated as given below.

BW = Dur (Video) = DTPS (15)

From the above equation (15), bandwidth ‘EW’ is measured by taking into consideration the duration of video
taken for sample simulation ‘Dur(Video)’ and the data transmission involved for each sample video ‘DTPS’
respectively. It is measured in terms of bits per second (Bps). Latency on the other hand is measured by taking
into considerations the sum of all probable delays a video can face during multimedia transmission. Based on the
networks and applications in use, the acceptable network latency results differ. For example in our work, video
streaming should possess low network latency in order to work in an efficient manner.

Lat = Delayy + Delayr + Delayp,opog + Delayy (16)

From the above equation (16), latency ‘Lat’ is measured by taking into considerations the processing delay
‘Delay;’, transmission delay ‘Delayr’, propagation delay ‘Delayz, ..,  and queuing delay ‘Delay,’ respectively.
Latency in our work is measured in terms of milliseconds (ms). Table 2 given below lists the latency and
bandwidth rate involved in robust multimedia communication using the three methods, DQRMDO method,
hybrid HEVC encoder [1] and WSE-DCNN [2] respectively. Also to ensure fair comparison between the three
methods, similar sample videos of same sizes are employed and provided for reference in table 1.

Copyrights @ Roman Science Publications Ins. Vol. 6 No.1, January, 2024
International Journal of Applied Engineering & Technology

1170


https://www.kaggle.com/datasets/mistag/short-videos

ISSN: 2633-4828

Vol. 6 No.1, January, 2024

International Journal of Applied Engineering & Technology

Table 1 Sample videos for simulation

Folder Video name Number of frames Video Resolution
name length | Width | Height
(sec)
elefant_1280p.mp | 1064 (0.35sec) — 3040 0.35 1280 720
Animals 4 fps

giraffes_1280p.mp 1194 0.39 1280 720

4
Food seafood_1280p.mp 390 0.13 1280 720

4
butterflies_960p.m 1573 0.52 960 540

Butterflies p4
butterflies_1280.m 1573 0.52 1280 720

p4

With the above sample videos and sizes into consideration three performance metrics are validated and analyzed.

Table.2. Tabulation for bandwidth and latency using DQRMDO method, hybrid HEVC encoder [1] and WSE-

DCNN [2]
Testing video DQRMDO hybrid HEVC WSE-DCNN
(MB) encoder
Bandwidth | Latency | Bandwidth | Latency | Bandwidth | Latency
Elephant video 880 0.35 748 0.55 528 0.63
Giraffes video 1500 0.70 1020 0.85 900 0.90
Seafood video 255 0.20 204 0.35 187 0.48
1600
1400
1200
1000
800 = DORMDO
600 mhybrid HEVC encoder
u WSE-DCNN
400
0 ‘ : :
Elephant video Giraffes video Seafood vidzo
Bandwidth (Bps)

Figure 4 Graphical representation of bandwidth
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Figure 5 Graphical representation of latency

Figure 4 and figure 5 given above show the bandwidth rate and latency of three different methods, DQRMDO
method, hybrid HEVC encoder [1] and WSE-DCNN [2] using three different videos like, elephant, giraffe and
seafood of sizes 44, 60 and 17, respectively. With the difference in the size of video the bandwidth rate and
latency of each method differs. From the simulation it is found that with a size of 44 the bandwidth using the three
methods was found to be 880 bps, 748 bps and 528 bps. In a similar manner, the latency using the three methods
was observed to be 0.35ms, 0.55ms and 0.63 ms respective for elephant video possessing size of 44. From these
results it is inferred that both the bandwidth and latency consumed in ensuring robust multimedia communication
using the proposed DQRMDO method was found to be comparatively lesser than the existing methods [1] and
[2]. This was because by applying the Quantile Regression function in determining the fitness of all CU
partitioning pattern on the basis of multiple objective functions. Here, multiple objective functions considered in
the work were both minimum Rate Distortion cost (RD cost) and Energy Consumption (EC). From these two
objective functions, the best fittest CU partitioning pattern among the population was obtained. Finally, among
them global optimal solution was determined for identifying the optimal CU partitioning pattern of each CTU in
HEVC. This in turn reduced the data transmitted per second and overall the bandwidth rate was said to be
improved using DQRMDO method by 18% upon comparison to [1] and 42% upon comparison to [2] with respect
to elephant video. In a similar manner, the latency involved was reduced by 36% upon comparison to [1] and 13%
upon comparison to [2] with respect to elephant video.

6.2 Performance analysis of throughput

Finally, threshold is measured that represents the percentage ratio between the sample video sent (i.e., frame size)
to the sample video received (i.e., frame size). The threshold is measured as given below.

Th = Zremd (17)

SI"SE'EE

From the equation (17) the throughput rate ‘Th’ is measured by taking into considerations the sample videos sent
‘SVene” and sample videos received SV .4 . It is evaluated in terms of percentage (%).

Table 3 Tabulation of throughput using DQRMDO, hybrid HEVC encoder [1] and WSE-DCNN [2]

S. No Methods Throughput
1 DQRMDO 87.17
2 hybrid HEVC encoder 79.48
3 WSE-DCNN 74.35
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Figure 6 graphical representation of throughput

Figure 6 given above shows the graphical representation of throughput using three methods. To ensure robust
multimedia communication in HEVC throughput plays a major role. From the above figure the throughput rate of
the proposed DQRMDO method was found to be significantly better upon comparison to [1] and [2]. This is
evident from the sample video with frame size of 39 where 34 frames were received usingproposed DQRMDO
method, 31 frames using [1] and 29 frames were using [2]. From this result the throughput using proposed
DQRMDO method is found to be comparatively better than [1] and [2]. The reason behind the improvement was
owing to the application of dynamic dragonfly optimization model. By applying this dynamic model, three
distinct processes, namely, separation, alignment and cohesion was applied on the basis of the current frame
positioning of an available CU at a definite time instance and the nearest frame positioning respectively. With
these two positioning global optimal solution was arrived at among the overall population. This in turn improved
the sample video frame size being received and therefore improving the throughput using proposed DQRMDO
method by 10% upon comparison to [1] and 7% upon comparison to [2] respectively, therefore corroborating the
objective of robust multimedia communication.

7. CONCLUSION

In this paper, a novel method called Dynamic Quantile Regressive Multiobjective Dragonfly Optimization
(DQRMDO) employing HEVC video encoder/decoder on 8 core DSP processors using short video dataset have
been proposed, which employs Quantile Regression function and Dynamic Dragonfly Optimization are subjected
to multi objective function to HEVC using multicore DSP for robust multimedia communication. In this regard,
two distinct processes were performed wherein the sample short videos were first subjected to multi objective
function to reduce rate distortion cost and improve energy efficiency using Dynamic Quantile Regressive
Multiobjective Dragonfly Optimizer. Second, by optimizing coding unit partitioning pattern of CTU in HEVC
video encoder/decoderidentified significantly the frames in the video imagesto achieve robust multimedia
communication. Experiments were conducted on short videos dataset to test the performance of the proposed
method. Experimental results show that the proposed DQRMDOmethod achieved high bandwidth and throughput
with minimum latency upon comparison to the state-of-the-art methods.
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