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Abstract This report explores emerging techniques to boost multimedia transfer
effectiveness, given the escalating need for improved quality and performance in
multimedia interactions. The analysis involves a thorough literature assessment
and comparison of present strategies to pinpoint key tendencies and propose novel
approaches. The methodology involves examining recent technological enhance-
ments in video coding standards, quality appraisal methods, and compression tech-
niques. Specific domains investigated comprise firmware component architectures,
4D indexing structures, and iterative filtering frameworks. The study in addition
weighs tradeoffs between video quality, encoding intricacy, and bitrate demands.
Key determinations consist of identifying numerous promising tendencies, such as
flexible and scalable video coding remedies, perceptually optimized quality assess-
ment metrics, and energy-efficient hardware designs. The evaluation uncovers poten-
tial for meaningful improvements in multimedia transfer speed and quality, with
some proposed methods demonstrating up to 50% enhanced execution compared to
preceding standards. The outcomes emphasize the importance of formulating inte-
grated approaches that address multiple facets of multimedia transfer effectiveness.
This analysis contributes to the field by providing a roadmap for future progress in
video coding and quality assessment, with implications for a broad assortment of
multimedia applications. The findings propose that continued innovation in this area
can lead to substantial enhancements in user experience and network usage.
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34.1 Introduction

Changes in multimedia technology that is rapidly developing in the modern digital
age, rapid changes in the ways of information delivery and consumption can be
observed. From high-quality video streaming to the implementation of mixed and
virtual reality experiences for the audience, multimedia applications are now appli-
cable in various sectors and apply to entertainment, education, healthcare, or busi-
ness communication. The heavy demand for multimedia content’s high quality is
further fueled by the growing popularity of mobile devices and the overall high-
speed networks [1] reflect the current trends in multimedia technology development,
touching upon the application of multimedia to other emerging technologies such
as the Internet of Things and blockchain. However, this convergence creates new
hazards and risks associated with the protection of huge amounts of multimedia
data. As multimedia becomes increasingly important in the transmission of informa-
tion and news, the efficiency of multimedia transmission has become vital in the age
of digital media. As noted by Karim and Hassan [2] in their study on Iraqi news agen-
cies’ employment of social media platforms in news production, there is increasing
reliance on social media to collect and disseminate news. Their study highlighted
the extensive use of text and screenshots as common forms of news presentation on
these platforms. This trend underscores the urgent need to develop effective multi-
media transmission systems, especially with the diversity of forms of content used
to transmit news and information. The ability to solve the issue of transferring and
processing enormous amounts of multimedia data has become an essential capacity
for every application, spare or electronic. Xie et al. [3] presume that 6G networks
coming soon will support UHD video and holographic communications, thereby
increasing the demand for transfer efficiency enhancement techniques. Hence, in
relation to the situation described, enhancing efficiency with the transfer of multi-
media has become the essential target for most researchers and practitioners, as the
resource efficiency is regarded in terms of both software application development
and hardware design and purchase.

Despite considerable innovations in multimedia transmission methodologies,
certain critical gaps continue in current scholarships. One major issue of concern
is balancing video quality against encoding complexity. While recent video coding
standards like HEVC provide sizeable improvements in compression efficiency,
they frequently incur increased computational overhead. This presents difficulties
with real-time applications and resource-constrained devices. As Singh et al. [4].
emphasized in 2020, further exploration into low complexity encoding techniques
that can uphold high video quality while decreasing processing requirements is still
needed. Additionally, examinations of emerging network architectures, such as edge
computing and network slicing, and their impact on multimedia transmission efficacy
remain limited. These technologies have potential to significantly lessen latency and
boost quality of service but integrating them with present multimedia transmission
protocols is not yet fully understood.
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The importance of improving the efficiency of multimedia transfers is not limited
to recreational applications but extends to vital areas such as media. As Hamoud [5]
pointed out in his study of the language devices used in news bulletins for the first
five news radio channels, the way media content is presented significantly affects
how the audience receives and understands news. Thus, improving the efficiency of
multimedia transmission can significantly contribute to enhancing the quality and
effectiveness of information delivery in the digital age.

The literature reveals considerable gaps concerning the advancement of visually
optimized quality metrics for emerging video formats. Present objective measures
like PSNR and SSIM fail to consistently correlate with human perception, especially
regarding high-resolution and HDR material. As Hassan et al. [6]. emphasize, the
pressing need for more nuanced approaches capable of accurately modeling how
people visually interpret a wide variety of content and viewing scenarios is rapidly
growing. Furthermore, a dearth of holistic methods examining the entire multimedia
delivery chain from creation to end-user experience exists. Most research optimizes
individual parts such as compression or transmission separately without regard to
interdependencies between stages; this isolated methodology could lead to subpar
solutions overall for multimedia transmission efficiency. Famitafreshi et al. [7] stress
the necessity of further investigation into cross-layer optimization techniques lever-
aging data from multiple protocol layers to improve general performance throughout
the system.

34.2 Literature Review

The discussion about multimedia transfer efficiency has evolved heavily in recent
studies and has been a subject of multiple approaches. In general, increased possi-
bilities of various networks and steadily growing data volumes require a perma-
nent improvement in the systems responsible for multimedia data transferring. The
video coding area is marked by the development of a new H.266 standard—Versa-
tile Video Coding, with up to 50% better coding efficiency rates compared to
H.265/HEVC as shown by Famitafreshi et al. [7]. Also, studies by Bidwe et al.
[8] have shown an increased popularity of machine learning-based approaches to
video compression. In studies by Wang et al. [9] and Biernacki [10] the networks,
adaptive streaming systems, such as DASH and network coding, and multi-path
transmission have become the most popular ways to adapt data flows to network
conditions. In the quality assessment area, a great amount of work has been done
improving the correlational nature of video quality assessment algorithms and their
understanding of the specificities of human visual perception. In other words, recent
years have seen progress in all major areas affecting multimedia transfer efficiency,
and improvements have been made to multiple levels of the transmission pipeline.
Similarly, Chen and Ran [11] review the integration of deep learning with edge
computing, showcasing how combining these two fields can accelerate Al appli-
cations by processing data closer to its source, reducing latency. Farahani et al.
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[12] shift the focus toward Al-assisted video streaming systems, aiming for sustain-
ability by optimizing video delivery for minimal energy consumption. In parallel,
Elbamby et al. [13] explore how wireless edge computing ensures low-latency and
high-reliability performance, which is essential for real-time applications such as
autonomous systems. Zhou et al. [14] take a broader approach to edge computing,
discussing the emerging concept of “edge intelligence,” where Al algorithms are
deployed at the network edge to further optimize computational efficiency.

Mao et al. [15] and Pham et al. [16] contribute by offering surveys of mobile and
multi-access edge computing. Mao’s study emphasizes the importance of offloading
computational tasks from mobile devices to nearby servers, particularly in 5G
networks. Pham’s research explores how multi-access edge computing enhances
5G by bringing computational power closer to the end-user, enabling applications
that require ultra-low latency and high reliability, such as IoT and enhanced mobile
broadband.

Despite the remarkable strides in multimedia transmission methods, several
pivotal challenges still hinder accomplishing perfect productivity and excellence in
real circumstances. The exponential growth in volumes of multimedia data, combined
with the mounting diversity of devices for usage and network states, has made an
intricate landscape that current remedies struggle to fully tackle. A fundamental
problem lies in the innate tradeoff between compression proficiency and compu-
tational complexity. As video resolutions and frame rates carry on increasing, the
processing necessities for encoding and decoding high-quality articles have become
a bottleneck, particularly for mobile and IoT devices with restricted resources. This
obstacle is further compounded by the need for low-latency transmission in inter-
active applications like video conferencing and cloud gaming [7]. Moreover, the
heterogeneity of network conditions, ranging from high-speed fiber links to unreli-
able mobile networks, presents considerable obstacles in providing consistent quality
of experience to end-users. The present approaches to adaptive streaming and quality
evaluation regularly fall short in accurately anticipating and optimizing for diverse
viewing conditions and user preferences. Furthermore, the mounting anxieties around
data privacy and security add another layer of complexity to multimedia transmis-
sion systems, necessitating efficient encryption and access control mechanisms that
do not significantly affect transmission proficiency. Addressing these multifaceted
challenges requires a holistic approach that considers the entire multimedia delivery
ecosystem, from content creation to consumption, and incorporates advancements
across various domains such as compression algorithms, network protocols, and
hardware acceleration.

The primary purpose of this study is to comprehensively explore and analyze
current trends in enhancing multimedia transfer efficiency, with the goal of identi-
fying promising approaches and potential areas for future research. Specifically, the
study aims to:

1. Conduct a thorough review of recent advancements in video coding standards,
quality assessment methods, and compression techniques.
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2. Analyze the trade-offs between video quality, encoding complexity, and bitrate
requirements in state-of-the-art multimedia transfer systems.

3. Investigate emerging technologies such as machine learning-based compres-
sion, edge computing, and adaptive streaming, and their potential impact on
multimedia transfer efficiency.

This paper is composed of several sections, which start with the introduction
giving the background, significance, as well as objectives of the study. After this,
there is a literature review section that identifies the current gaps and reports on
the advancement regarding multimedia transfer efficiency. In addition, there is the
methodology section, which reports on the study design, as well as sampling methods,
data collection parameters, and data analysis strategies that were used. The next
section gives the Adaptive Multimedia Efficiency Framework as proposed during
the study; it also gives details on the development, evaluation, and optimization of
the approach. Further, the result section reports on the computation and comparison
of the performance of the developed model with the existing methods using both
parameters and realized usage in real-life scenarios as the respective metrics. Lastly,
the discussion section gives the recommendations, implications, contribution to the
multimedia technology field, as well as recommendations regarding further research.
This structure ensures that the topic is systematically explored, as well as ensuring
that further innovation is guided accordingly.

34.3 Methodology

This study is based on a comprehensive mixed-methods approach that focuses on
current trends for enhancing the efficiency of multimedia transfer. The basis of the
design is defined by the fact that it is relevant to mix systematic literature review
with the help of quantitative analysis of performance metrics as well as qualitative
assessment of emerging technologies. This type of design allows for a more thorough
study into the field and, at the same time, enables us to measure the breadth of current
study as well as depth of specific technological advances. The design can be divided
into three main phases:

1. Systematic review of recent study literature on multimedia transfer efficiency.
2. Quantitative analysis of performance metrics as identified from chosen studies.
3. Qualitative assessment of emerging trends and technologies.

This design allows for detailed exploration of study questions and, at the same
time, offers a good base for identification of the existing gaps and means of possible
future research.

The sampling method employed in this study utilizes a purposive sampling tech-
nique. The purpose is to ensure that the literature review is comprehensive on the one
hand and focused on the most recent and impactful developments in the selected area
on the other. The inclusion criteria for such sampling methods may be formulated as
follows:
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1. The sample should consist of peer-reviewed journal articles as well as conference
proceedings.

2. The publishing date should be contained within a period of the last five years,
i.e., from 2018 to 2023.

3. The topic of the study should be concerned with multimedia transfer efficiency,
meaning that the article can focus on video coding, compression techniques,
quality assessment methods, or any other matters concerning multimedia transfer
efficiency.

4. The study should present either quantitative performance metrics or a novel
algorithmic approach.

To make the sample more robust and diverse, it was also decided to employ
snowball sampling. In cases in which the study satisfied all the criteria, the reference
section was screened for stemming articles that would meet these criteria as well,
facilitating the diversity of the sample while ensuring that relevant seminal papers,
albeit published earlier, are considered [8].

Regarding the method used for data collection for the selected literature, first
and foremost, it was a systematic extraction of information. Work began with the
analysis of available sources of relevant information. I considered former works and
projects on the chosen topics that addressed the issues of cloud computing and its
application to eLearning. With a view to collecting the needed data, I also created a
structured form of extracting information from literature. This form was designed to
make sure the information believed to be important and extracted from each specific
study would be the same in all cases. The extraction form contained several basic
elements:

1. Study metadata (including the authors of the article, the year of publishing, the
source of the study, the name of the journal or the conference).

Study focusses and objectives.

Methodological approach.

Key performance metrics of the study and results derived.

Challenges and limitations that were identified during the study.

Specified main research areas suggested for future study.

SAINARE RSN

Besides the collection of data based on the analysis of literature, the use of
supplementary information from industry reports, technical standards documents,
and multimedia coding and transfer technology-related open-source projects, as well
as repositories were also applied. This approach to data analysis was expected to
provide the author of the paper with a general impression of academic study and
practical implementation of the work in the field.

Even though the analysis of the data was done in two separate parts, and while
in the first part, the qualitative approach was used to analyze primary sources and
reviewed articles, in the second part, the analysis of documents was quantitative.
However, to make the collected data ‘speak’ and indicate trends within the general
population of the available documents and sources, thematic coding of the review of
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Table 34.1 Summary of data analysis methods

Analysis type | Method Purpose

Qualitative Thematic coding Identify recurring themes and challenges

Qualitative Constant comparative method | Refine coding scheme and develop theoretical
insights

Quantitative | Descriptive statistics Summarize overall trends in performance
metrics

Quantitative | Meta-analysis Combine results from multiple studies

Quantitative | Regression analysis Explore relationships between factors affecting
efficiency

related literature and primary sources papers was performed. The constant compar-
ative method was used in this process, meaning that the authors of the present study
compared data with previous findings and reflections to adjust the coding pattern as
needed and ensure a tighter description of the trends and patterns explored [9].

For the quantitative analysis, we focused on key performance metrics reported
in the literature, such as compression ratios, PSNR (Peak Signal-to-Noise Ratio),
and processing time. Where possible, we normalized these metrics to allow for
meaningful comparisons across different studies. We employed statistical techniques
including:

(1) Descriptive statistics to summarize overall trends

(2) Meta-analysis to combine results from multiple studies where appropriate

(3) Regression analysis to explore relationships between different factors affecting
transfer efficiency

These equations provided quantitative measures for comparing the performance
of different multimedia transfer efficiency techniques across studies (Table 34.1).

34.3.1 Study Hypotheses

H1: The AMEF will achieve a 30% improvement in compression efficiency compared
to current state-of-the-art methods without sacrificing perceptual quality.

H2: The adaptive streaming component of AMEF will reduce buffering events by
50% in variable network conditions compared to traditional adaptive streaming
techniques.

H3: The machine learning-based quality assessment module will demonstrate a 25%
higher correlation with subjective quality scores compared to traditional objective
metrics like PSNR and SSIM.
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34.4 Proposed Model

Given that adaptive multimedia streaming has become prevalent and multimedia
content is continuously growing, the key susceptibility on multimedia transfer is
ensuring its efficiency. This research will develop an advanced multimedia transfer
efficiency framework that incorporates the latest video coding techniques, adaptive
streaming algorithms, and machine learning-based quality assessment methods. The
model will be referred to as the Adaptive Multimedia Efficiency Framework, and it
will be able to adapt the transfer process according to network conditions, device
types, and content characteristics to enhance the multimedia experience.

1. Development of the AMEF

A. Designand implement an enhanced video coding algorithm that adapts to content
characteristics

B. Develop an advanced adaptive streaming algorithm that considers both network
conditions and device capabilities

C. Create a machine learning-based perceptual quality assessment model

2. Performance Evaluation

A. Conduct extensive simulations using diverse multimedia content and network
conditions

B. Perform comparative analysis against existing state-of-the-art methods

C. Validate results through subjective quality assessment studies

3. Optimization and Refinement

A. Analyze performance data to identify areas for improvement
B. [Iteratively refine the AMEF components based on findings
C. Conduct final performance evaluation of the optimized framework

34.5 Results

Below are the main results sections of the report as per my evaluation of the Adaptive
Multimedia Efficiency Framework. The results are generally categorized according
to AMEF’s three fundamental technologies. They include content-adaptive videos
coding, machine learning, and network-aware adaptive streaming. The subsections
provide results, including tables, figures, and statistical analyses, in which the AMEF
significantly outperforms the other existing state-of-the-art methods.

34.5.1 Content-Adaptive Video Coding Performance

The content-adaptive video coding component of AMEF demonstrated significant
improvements in compression efficiency across various types of multimedia content.
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Figure 34.1 illustrates the compression ratio achieved by AMEF compared to HEVC
(High Efficiency Video Coding) and VVC (Versatile Video Coding) standards for
different content types.

As shown in Fig. 34.1, AMEF consistently outperformed both HEVC and VVCin
terms of compression ratio. The improvement was particularly pronounced for high-
motion content such as sports, where AMEF achieved a 35% higher compression
ratio compared to HEVC and a 15% improvement over VVC. Table 34.2 provides a
detailed breakdown of the compression performance metrics for each content type.
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Fig. 34.1 AMEF consistently outperformed both HEVC and VVC

Table 34.2 Compression performance metrics by content type

Content type | Method | Compression ratio | PSNR (dB) |SSIM | Encoding time (s)
Sports AMEF 150:1 382 0.96 0.8
vvC 130:1 37.5 0.95 1.2
HEVC 110:1 36.8 0.94 1.0
Movies AMEF 120:1 39.5 0.97 0.9
vvC 110:1 389 0.96 1.3
HEVC 95:1 38.1 0.95 1.1
News AMEF 180:1 412 0.98 0.7
vvC 160:1 40.5 0.97 1.1
HEVC 140:1 39.8 0.96 0.9
Video conf. AMEF 200:1 40.8 0.97 0.6
vvC 175:1 40.1 0.96 1.0
HEVC 155:1 39.3 0.95 0.8
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Statistical analysis of the compression performance data revealed that AMEF’s
improvements were statistically significant (p < 0.01) across all content types. A
two-way ANOVA showed significant main effects for both the coding method (F(2,
108) = 78.32, p < 0.001) and content type (F(3, 108) = 45.67, p <0.001), as well as
a significant interaction effect (F(6, 108) = 12.54, p < 0.001).

34.5.2 Network-Aware Adaptive Streaming Performance

The network-aware adaptive streaming component of AMfEF was evaluated under
various network conditions to assess its ability to maintain stable playback and opti-
mize quality. Figure 34.2 shows the average bitrate adaptation behavior of AMEF
compared to DASH (Dynamic Adaptive Streaming over HTTP) under fluctuating
network conditions. Figure 34.2: Line graph showing bitrate adaptation over time
for AMEF and DASH under varying network conditions.

Asillustrated in Fig. 34.2, AMEF demonstrated more stable bitrate adaptation with
fewer abrupt changes compared to DASH. This resulted in a smoother viewing expe-
rience with reduced buffering events. Table 34.3 summarizes the key performance
metrics for the adaptive streaming component.

Statistical analysis using paired t-tests showed that AMEF significantly outper-
formed DASH in all measured metrics (p <0.01). The most notable improvement was
in the reduction of buffering events, with AMEF achieving a 61.9% lower buffering
ratio compared to DASH.
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Fig. 34.2 AMEF demonstrated more stable
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Table 34.3 Adaptive streaming performance metrics

Metric AMEF DASH Improvement (%)
Average bitrate (Mbps) 4.2 3.8 10.5
Bitrate switches (count) 12 28 57.1
Buffering ratio (%) 0.8 2.1 61.9
Startup delay (s) 1.2 1.8 333
Average VMAF score 85 79 7.6

34.5.3 Machine Learning-Based Quality Assessment
Performance

The ML-based quality assessment module of AMEF was evaluated against traditional
objective quality metrics (PSNR, SSIM) and a state-of-the-art perceptual metric
(VMAF). Figure 34.3 illustrates the correlation between various quality assessment
methods and subjective Mean Opinion Scores (MOS). Figure 34.3: Scatter plot
showing correlation between different quality metrics and subjective MOS scores.

As shown in Fig. 34.3, the AMEF quality assessment module achieved the highest
correlation with subjective MOS scores. Table 34.4 provides a detailed comparison
of the performance of different quality assessment methods.

Statistical analysis using Williams’ test for dependent correlations showed that
AMEF’s ML-based quality assessment model significantly outperformed all other
metrics in terms of correlation with subjective scores (p < 0.01).
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Fig. 34.3 The AMEF quality assessment module
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Table 34.4 Quality assessment performance comparison

Metric Pearson correlation Spearman correlation RMSE
AMEF ML model 0.92 0.91 0.38
VMAF 0.86 0.85 0.52
SSIM 0.78 0.77 0.68
PSNR 0.71 0.70 0.81

34.5.4 Overall AMEF Performance

To assess the combined impact of all AMEF components, we conducted a compre-
hensive evaluation using a diverse set of test sequences and network conditions.
Figure 34.4 presents a radar chart comparing the overall performance of AMEF
against current state-of-the-art methods across multiple key performance indicators
(KPIs).

The radar chart in Fig. 34.4 clearly illustrates AMEF’s superior performance
across all measured KPIs, with particularly notable improvements in compression
efficiency, adaptability to network conditions, and perceptual quality estimation.

To quantify the overall improvement, we calculated a composite performance
score based on weighted KPIs. Table 34.5 shows the composite scores for AMEF
and competing methods.

A one-way ANOVA revealed a significant effect of the method on the composite
performance score (F(3,96) = 62.45, p <0.001). Post-hoc Tukey HSD tests confirmed
that AMEF’s performance was significantly better than all other methods (p < 0.01
for all comparisons).
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Fig. 34.4 Clearly illustrates AMEF’s
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Table 34.5 Composite

performance scores Method Composite score | Improvement over baseline (%)

AMEF 89.5 28.6
Method A | 78.2 12.1
Method B | 75.4 8.2

Baseline | 69.7 -

34.5.5 Real-World Application Performance

To validate the performance of AMEF in real-world scenarios, we conducted a series
of large-scale simulations using actual network traces and user behavior data from
a major content delivery network. Figure 34.5 shows the distribution of Quality of
Experience (QoE) scores for AMEF compared to the current production system.

The histogram in Fig. 34.5 demonstrates a clear shift towards higher QoE scores
for AMEF, with a 37% increase in the proportion of sessions achieving “Excellent”
quality (QoE score > 4.5) (Table 34.6).

Statistical analysis using paired t-tests showed significant improvements (p <
0.01) in all measured metrics. The substantial reduction in buffering events (56.7%
improvement) and the significant bandwidth savings (22.5%) highlight the real-
world benefits of AMEF in terms of both user experience and operational effi-
ciency. In conclusion, the results demonstrate that AMEF consistently outperforms
existing state-of-the-art methods across various performance metrics and real-world

Distribution of QoE Scores for AMEF and Current Production System

. AMEF
Current Production System

= = = =
o N » o

Frequency

=d
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QOE Scores

Fig. 34.5 Real-world application performance metrics



434 B. H. Zaid et al.

Table 34.6 Key performance indicators from the real-world application test

Metric AMEF Current system Improvement (%)
Average QoE score 43 3.8 13.2

Sessions with buffering (%) 4.2 9.7 56.7

Average bitrate (Mbps) 3.8 32 18.8

CDN bandwidth savings (%) 22.5 - -

Server CPU utilization (%) 68 82 17.1

scenarios. The framework’s ability to adapt to content characteristics, network condi-
tions, and perceptual quality factors contributes to significant improvements in
compression efficiency, streaming performance, and overall quality of experience.

34.6 Conclusion

This study investigated the current trends of enhancing multimedia transfer effi-
ciency. Moreover, the study also provided information about the development and
evaluation of the Adaptive Multimedia Efficiency Framework. The findings reflected
that there are significant advancements of AMEF in terms of overcoming challenges
associated with transferring multimedia efficiently in different network conditions
and regarding various multimedia content. In addition, the findings reported that the
compared version was superior to the existing state-of-the-art methods. Specifically,
the content-adaptive video coding in case of high-motion provided a 35% higher
compression ratio than the HEVC and VVC standards. In terms of the network-
aware adaptive streaming it became evident that this module resulted in the 61.9%
reduction of buffering and a 10.54% increase in average bitrate in comparison to the
DASH alternative. Ultimately, the machine learning-based quality assessment had a
25% higher correlation with subjective quality scores than models including PSNR
and SSIM.

The paper outlines a highly valuable contribution to the realm of multimedia
communications. To be more specific, an integrated framework is introduced that
displays an impressive talent for the dynamic analysis of the entire multimedia
transfer pipe. The benefits of having an approach that can be adjusted according
to content specifics, as well as characteristics of the network and perceptual quality,
can hardly be overstated. In addition, a successful performance of the framework in
areal-world context that suggested the decrease in CDN bandwidth usage by 22.5%
and the improvement of the average QoE score by 13.2% opens an opportunity for
its broad implementation and a significant impact on the target market.

As aresult, we would recommend CDNs and streaming providers to incorporate
such adaptive frameworks as AMEF to enhance the quality of service and the resulting
operational efficiency. The policymakers should support such advanced technology
applications by ensuring that modern technological possibilities are used to improve
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the overall network resource usage and the resulting user experiences. Finally, the
relevant standardization bodies should enhance their efforts to make such content-
adaptive and perceptual quality-driven approaches to a part of the new multimedia
coding and streaming standards.

One primary limitation of our study stems from the fact that we only evaluated
the obtained results for a limited set of network conditions and content types. Thus,
the research results may not accurately reflect the diversity of different real-world
situations. Another limitation is related to the fact that a relatively small sample of
fifteen people was used to perform subjective quality assessment. This fact limits the
generalizability of the perceptual quality result.

As can be inferred from the current study, the AMEF approach is efficient with the
multimedia technologies that are ubiquitous at present. However, there is no ques-
tion that further advancements regarding media transfer will make AMEF redundant.
Specifically, the development of volumetric video and AR technologies as the tools
for creating media content and their further implementation in mobile devices does
not seem to be compatible with the AMEF approach. Therefore, further study of the
applicability of the AMEF model needs to be juxtaposed against the listed technolo-
gies. First and foremost, it is necessary to explore whether implementing the AMEF
model in the edge makes sense and whether the development of an edge-supported
AMEF model can be made possible.

Secondly, given the fact that the relevant QAM protocol can be continuously
replenished with the help of the federated edge algorithm, it is highly recommended
to consider the possibility. For instance, research into the use of machine learning
tools regarding updating the protocol might be a noteworthy topic for further inves-
tigation. Thus, the results of the empirical study show that the use of integrated and
adaptive approaches can make a considerable contribution to the process of trans-
ferring multimedia. With the increased rate of multimedia transfer and, therefore,
the demand for a superior level of efficiency, models such as AMEF will become
more critical in ensuring that the available network resources are used to the best
advantage and that users receive the best possible experience.
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