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Abstract: - The increasing demand for wireless multimedia applications has prompted the need for efficient data transmission strategies that
can adapt to dynamic network conditions and diverse Quality of Service (QoS) requirements. This paper analyzes wireless multimedia big
data transmission using an innovative Adaptive QoS-Aware Scheduling Algorithm (AQOS-ASA). The proposed algorithm aims to optimize
the transmission of multimedia data by dynamically adjusting the scheduling based on QoS considerations and real-time network
conditions. Through adaptive scheduling, the algorithm ensures that high-priority multimedia data receives optimal transmission treatment,
balancing the quality preferences set by users. The algorithm dynamically allocates time slots based on the changing network conditions,
allowing for efficient utilization of the available bandwidth. The paper analyses the algorithm's performance in different wireless network
scenarios through simulations and evaluations, highlighting its effectiveness in adapting to varying QoS requirements and network
conditions. The results demonstrate that the proposed algorithm significantly enhances the quality and efficiency of wireless multimedia big
data transmission, making it well-suited for applications with diverse multimedia content and dynamic network environments. The findings
contribute valuable insights to wireless multimedia communication and provide a foundation for further advancements in adaptive
scheduling algorithms for improved Quality of Service.
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1. Introduction

In this era, big data is dominated by proliferation, where data generation and collection are occurring at an
unprecedented pace. The expeditious processing, delivery, and analysis of these data hold the potential for
substantial social and economic benefits [1]. The pervasive deployment of wireless communication systems in
recent times further amplifies the significance of wirelessly transmitting a substantial portion of this big data [2].
Notably, smart mobile devices are pivotal in generating big data [3]. Over the preceding years, mobile data
traffic has exhibited a remarkable compound annual growth rate exceeding 40% [4]. This growth trajectory is
anticipated to gain even more momentum in the forthcoming years, fuelled by the increasing popularity of
mobile broadband applications. The study explores efficient and reliable strategies for transmitting big data
across fading wireless channels, particularly examining the wireless transmission of substantial data volumes
from the perspective of transmission time [5]. Transmission time, denoting the duration required to transmit a
specific data quantity, holds significant implications for the analysis and design of wireless communication
systems [6]. Transmission time is intricately linked to the service time in queuing setups, playing a crucial role
in analyzing delays and throughputs in diverse wireless transmission strategies [7]. Moreover, it has been
employed to investigate the extended delivery time of secondary transmission with interweave cognitive radio
implementation [8], [9]. Additionally, transmission time is a vital characterization of channel occupancy,
directly influencing the collision probability in random access protocols over wireless channels [10].

Furthermore, given that the energy consumption of the transmitter is a product of transmission time and
transmits power, the analysis of transmission time becomes instrumental in the design of energy-efficient
wireless communication systems [11]. As the landscape of wireless systems evolves to support big data
transmission effectively, the corresponding transmission strategies, access protocols, and scheduling policies
require adaptation or redesign [12]. Characterizing transmission time for big data traffic over fading wireless
channels emerges as a critical consideration in this evolving process [13]. Prior works in this domain often
assume a constant transmission time for a fixed data quantity [14]. The transmission time over a point-to-point
link is typically computed as the ratio of data quantity to the transmission rate when the rate is constant [15].
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However, constant-rate transmission proves inefficient and unreliable in fading wireless channels. Adaptive
transmission is an attractive technology to enhance transmission efficiency over wireless channels while
ensuring reliability [16]. With rate-adaptive transmission, the transceiver can dynamically adjust the
transmission rate based on the prevailing channel conditions, optimizing for higher rates in favorable channel
conditions and maintaining reliability with lower rates in poor channel quality. Assuming continuous rate
adaptation, researchers derive the distribution function of transmission time over fading channels by
transforming random variables [17]. Various traditional methods were used, such as a new hybrid method based
on a Convolutional Auto Encoder (CAE) network and Gated Recurrent Unit (GRU) [18], big data analytics [19],
and Wireless Sensor Network [20] to resolve the problem, but no proper results were formed. So, a new deep
learning method is implemented to improve the performance in this paper.

The following parts of this study are outlined as follows: part 2 defines the most recent categories of literature;
Part 3 explains the system description and problem statement; Part 4 deals with the workflow of the suggested
methodology; Part 5 presents the achieved results and discussion, and part 6 wraps up the research paper.

2. Related Works

Feng and Yuan [21] introduced a visualization method and constructed an intelligent operation auxiliary
decision-making model. The calculation results were used to record the threshold and distribution density of big
data transmission. Subsequently, the redundant characteristics of big data were compressed based on the cyclic
segmentation calculation method, and both conventional data and redundant data of extensive big data were
stored. Experimental simulations were conducted to validate the proposed method, demonstrating an
enhancement in massive big data storage compatibility. The results indicated improved accuracy and flexibility
in the storage of big data. Visualization methods provide a clear and intuitive representation of complex data,
making it easier for individuals to grasp patterns, trends, and relationships within the information. While
visualizations aim to simplify complex data, there is a risk of misinterpretation.

Liazid et al. [22] explored the combination of the previously developed prediction scheme, EADPS (Extended
Adaptive Dual Prediction Scheme), and the data aggregation technique based on temporal correlation as a robust
solution for addressing communication reduction challenges in connected loT-based Wireless Sensor Networks
(WSNs). Initially, the impact of each technique was investigated independently before considering their
integration. The evaluation focused on the multi-hop ring model of loT-based WSNs. Results revealed that
while the aggregation technique demonstrated superiority over the DPS prediction scheme, this advantage
diminished for smaller WSN sizes (less than five rings) when applying the EADPS schema. Moreover, the
impact of data correlation on reducing transmission rates was found to be relatively weak. Based on imposed
tolerance thresholds, the proposed scheme demonstrated a substantial reduction in average transmission rates
ranging from 85% to 96% across the entire network.

Jiang, Y. and Wang, B. [23] elucidated the specific concept of power monitoring system network information
security, established safety regulations for the electric power monitoring system, formulated corresponding
ideas for ensuring the safety level of the electric power monitoring system, and contributed to the long-term
development of China's electric power enterprises. The secure operation of the power monitoring system
directly impacted the stability of all power supply systems and, consequently, the broader social economy.
Network security management in China's power monitoring system is not overly optimistic. The research
focused on multimode multimedia data, organized research dynamics in network security protection technology,
and deliberated on future research trends.

Zhang, X. [24] demonstrated a robust capacity to drive economic development. The integration of big data
technology and 5G communication technology effectively bolstered the advancement of related technologies,
providing substantial support for the progress of artificial intelligence. This integration laid a firm foundation for
China's high-quality development. The paper delved into the application of big data technology in enhancing the
5G communication architecture, addressing challenges in the development of 5G networks, leveraging the
advantages of 5G communication networks and big data technology, discussing practical applications of big
data technology, and analyzing the significance and value of the application of big data technology.
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Jiang, Y. and Wang, B. [25] demonstrated a robust capacity to drive economic development. The integration of
big data technology and 5G communication technology effectively bolstered the advancement of related
technologies, providing substantial support for the progress of artificial intelligence. This integration laid a firm
foundation for China's high-quality development. The paper delved into the application of big data technology
in enhancing the 5G communication architecture, addressing challenges in the development of 5G networks,
leveraging the advantages of 5G communication networks and big data technology, discussing practical
applications of big data technology, and analyzing the significance and value of the application of big data
technology.

3. System model

The system model for analyzing wireless multimedia big data transmission based on an adaptive scheduling
algorithm encompasses various components to ensure efficient and reliable data transmission. In this model, the
wireless multimedia big data transmission system is considered, consisting of multiple nodes or devices that
communicate over a wireless network. Each node is equipped to handle multimedia data, and the adaptive
scheduling algorithm is crucial in optimizing the data transmission process. The challenges in the wireless
multimedia big data transmission based on an adaptive scheduling algorithm are shown in Figure 1.
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Figure 1. System model

The adaptive scheduling algorithm dynamically adjusts the transmission schedule based on the network
conditions, data priorities, and available resources. It considers factors such as channel conditions, bandwidth
availability, and the nature of multimedia content. The algorithm aims to maximize the utilization of the
wireless network while ensuring that multimedia data, which often has stringent quality requirements, is
transmitted reliably and promptly. This adaptive approach allows the system to adapt to changing network
conditions, providing a flexible and efficient solution for wireless multimedia big data transmission.
Furthermore, the system model incorporates feedback mechanisms to continuously assess the performance of
the adaptive scheduling algorithm. This feedback loop enables the system to learn and improve, adjusting the
scheduling parameters based on the observed outcomes. By iteratively refining the scheduling algorithm, the
system strives to achieve optimal performance in handling the challenges associated with wireless multimedia
big data transmission, ensuring a seamless and high-quality user experience.

4. Proposed Methodology

The proposed methodology for wireless multimedia big data transmission revolves around utilizing an Adaptive
QoS-Aware Scheduling Algorithm. This methodology aims to enhance the efficiency and reliability of
transmitting large multimedia data over wireless networks. The first step involves developing and integrating the
Adaptive QoS-Aware Scheduling Algorithm into the existing transmission framework. This algorithm is
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designed to dynamically adjust scheduling parameters based on Quality of Service (QoS) requirements, network
conditions, and data characteristics. In the second phase of the proposed methodology, extensive simulations
and experimental validations are conducted to evaluate the system's performance. Various scenarios, such as
different network loads, diverse types of multimedia content, and varying channel conditions, are simulated to
assess the adaptability and effectiveness of the algorithm. The methodology significantly emphasizes QoS-
awareness, ensuring that the scheduling algorithm prioritizes multimedia data with specific quality
requirements. The block diagram of the proposed AQOS-ASA is shown in Figure 2.
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Figure 2. Architecture for the proposed Adaptive QOS-Aware scheduling algorithm

The results obtained from these simulations are thoroughly analyzed to fine-tune the parameters of the Adaptive
QoS-Aware Scheduling Algorithm (AQOS-ASA), aiming to achieve optimal performance in wireless
multimedia big data transmission. This iterative process of refinement and validation contributes to the
robustness and reliability of the proposed methodology, making it well-suited for addressing the challenges
associated with transmitting large-scale multimedia data over wireless networks.

4.1 Process of AQOS-ASA methodology

Generally, low latency average packets arrive at a very low bit rate. The eMBB flow (7 ) is much larger than

the other flows (¥, and },). For QOS flowV, the total number of packets receiv Of ed at every interval

continues the Poisson distribution with the known value V. =W, .y, W _representing the bitrate factor.

Considering the discrete nature of radio resources in 5G networks, the radio access network (RAN) resource
within the gNB is partitioned into OSeg small segments at a time U . The time interval between consecutive
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. . . .. h
resource scheduling events is represented as an U interval. The association between the I ™ resource segment

and the '™ QoS flow at a time U is denoted by o, =1. When £, it signifies that the | ™ resource segment is

allocated to QoS flow U . Consequently, the service rate of B, QoS flow can be determined by the following
expression:

B =>(pLFIT) )
|

4.1.1 Delay Model

In this paper, the term packet delay refers to the overall transmission time of a packet from the MEC server to
UEs. The packet delay can be defined as:

Epkt = E + E + Eradio (2)

Prp Prc

Where the propagation delay of the signals is represented as EF,rp in the optical fiber, E, represents the delay

in processing in the Gnb, and the radio delay the in the remote radio head is denoted as d,,;,. The delay in the

processing of the packet can be expressed as,

E,c(97°)= A7, q; is served )

Hence, ,Br“ can be represented by,

B =argmin(M ! — B ... B")? @

To assess the effectiveness of multimedia multiservice, a Quality of Service (QoS) evaluation function is
formulated as:

S =7, —eula; )

4.1.2 Adaptive QoS-Aware Scheduling Algorithm (AQOS-ASA)

The Adaptive QoS-Aware Scheduling Algorithm (AQOS-ASA) is an advanced scheduling mechanism designed
to optimize the transmission of multimedia data in wireless networks while prioritizing Quality of Service (QoS)
parameters. This algorithm leverages adaptability and intelligence to dynamically adjust scheduling decisions
based on the evolving conditions of the network. Its primary objective is to ensure users a seamless and high-
quality multimedia experience by efficiently managing packet delay, packet loss ratios, and overall throughput.
AQOS-ASA integrates QoS awareness, allowing it to make informed decisions about resource allocation and
packet transmission. It adapts to real-time changes in the network environment, responding to traffic load and
interference fluctuations. By incorporating adaptive decision-making processes and assessing its performance
through key metrics like average packet delay and throughput, AQOS-ASA is a robust solution for improving
the efficiency and reliability of multimedia data transmission in wireless networks. This approach enhances the
overall user experience, making it particularly valuable for diverse multimedia applications in dynamic wireless
communication scenarios. In the QOS, the assessment neural network (NN) can undergo training through
function approximation. In simpler terms, the Q-value ist expected to progressively approach the target value
through learning over multiple iterations. The target value is determined by:

R (t,b,0) =s(t,b) + Amax R’ (t', 1", &) (6)

4.1.3 Fitness function
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The goal of creating this simulated/artificial data is to reduce the difference between it and the real data that can
be drawn statistically. Moreover, fitness is important in virtualizing the work without affecting performance.
The fitness function is calculated based on the probability rate. The fitness function attains a lesser value for an
effective result.

F(9)=(R*(t,b,0) —R(t,b,0))’ 7

Table 1. Algorithm for AQOS-ASA approach

Algorithm for AQOS-ASA approach
Input: Configuration, Traffic Characteristics, Resource Constraints

The service rate of £, QoS flow is calculated by using the equation (1)
Bl =2 (p/\FIT,) )
[

The packet delay can be defined by equation (2)

E «=Epo + Epc + Eradio 2

p Prc

Prp

//Adaptive scheduling algorithm //

The delay in the processing of the packet can be expressed as,
E,.(a/°) =4/ .q; is served 3)
Quality of Service (QoS) evaluation function is formulated as:
S =7, —en 0, (5)
The target value is determined by:
R*(t,b,0) =s(t,b) + Amax R”(t',b", 6") ©)
/ICalculate the fitness using equation (7)
F(0) = (R*(t,b,8) — R(t,b, 0))? @)
End

Stop
Output: Performance Metrics

The pseudo-code for the Analysis of wireless multimedia big data transmission based on the Adaptive QoS-
Aware Scheduling Algorithm (AQOS-ASA) encompasses a set of instructions designed to optimize the
scheduling of multimedia data transmission in wireless networks. It dynamically adapts to changing network
conditions through a series of algorithmic steps, considering factors such as packet delay, packet loss ratios, and
throughput. The pseudo-code includes decision-making processes that intelligently allocate resources and adjust
transmission parameters based on real-time assessments of the network state. This adaptive scheduling
algorithm aims to enhance multimedia applications' Quality of Service (QoS), ensuring efficient and reliable
data transmission in varying wireless communication scenarios. The flowchart representation is shown in Figure
3.
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Figure 3. Flowchart representation
5. Results and discussion

This section discusses the outcomes of the suggested AQOS-ASA. The proposed AQOS-ASA's performance is
examined, and the results are contrasted with those obtained using cutting-edge methodology.

5.1 Performance metrics

The graph in Figure 3 illustrates the average delay of packets served across all three QoS flows. When ¥ ... = 6,

the PB scheduler exhibits an average packet delay of up to 44.1 ms, and the RR scheduler records approximately
33.0 ms. In contrast to RR and PB schedulers, the DQN-based scheduler demonstrates a gradual increase in

average packet delay, remaining below 2.5 ms even when 7, = 6.
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Figure 3. Average delays for all the packets

Figure 4 presents the average packet loss ratios, indicating a consistent ratio of O for the DQN-based scheduler.
Conversely, both RR and PB schedulers show an increase in average packet loss ratios as ., they rise. At

Vmin = 6, the PB scheduler reaches a packet loss ratio of 0.130, while the RR scheduler records about 0.329.
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Figure 4. Packet loss ratio

Figure 5 displays the throughput curves, revealing an ascent in throughput for the DQN-based scheduler from
200 Mbps to nearly 300 Mbps as it },,, increases. The PB scheduler's throughput increases from approximately

193 Mbps to 253 Mbps, with a slower growth observed when y..,> 5. The RR scheduler experiences an

increase in throughput for 7., < 4 but undergoes a decline when };, > 4. The maximum throughput for RR is

below 184 Mbps at i, = 4.
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Figure 3. Throughput of the proposed AQOS-ASA
5. Conclusion

In conclusion, the study evaluated the performance of different scheduling algorithms, including RR, PB, and
DQN-based schedulers, considering factors such as average packet delay, packet loss ratios, and throughput.
The results indicated that the DQN-based scheduler outperformed RR and PB schedulers regarding average
packet delay, gradually increasing and consistently maintaining lower delays even at higher Amin values.
Additionally, the DQN-based scheduler exhibited a remarkable average packet loss ratio of 0, highlighting its
effectiveness in minimizing packet losses compared to RR and PB schedulers. Throughput analysis revealed that
the DQN-based scheduler achieved higher throughput values, ranging from 200 Mbps to nearly 300 Mbps,
showcasing its ability to adapt and optimize network resources. On the other hand, the PB scheduler exhibited
slower throughput growth, and the RR scheduler experienced fluctuations in throughput as Amin values
changed. These findings underscore the effectiveness of the DQN-based scheduler in enhancing the
performance of wireless multimedia big data transmission, offering lower delays, minimal packet losses, and
improved throughput. The Adaptive QoS-Aware Scheduling Algorithm and the proposed methodology
contribute to advancing scheduling strategies for multimedia data transmission in wireless networks.
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