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Abstract — Virtual Reality (VR) technology is a network intensive application, which needs reliable
network performance for smooth and real like simulation. This study concentrates on the direct, simple
and effective utilization of the User Datagram Protocol (UDP) Ethernet communication for VR system to
investigate the networks that support the virtual environment.

To investigate the varied dependencies between the network parameters, the study performed the fcable
length test, data rate test, packet processing rate PPR test. Researchers strove to identify the various
advantages and disadvantages of UDP Ethernet communication of VR applications from the standpoint of
the performance factors.

Advanced graphical techniques were applied for visual representation of the presented multi-scalar
dependency of network properties and systems performance indices. The study enabled insight into the
relationship between proportions of cable length and data transmission parameters to actual operational
speed or delay or stability of the particular network.

The results may be informative and helpful for not only the people who work in the development of the
VR system but also the network engineers, while UDP Ethernet is raised as a fast and low overhead
communication strategy. In this way, considering the basic ideas of performance properties and
optimizations, researchers can design systems of virtual reality networks that are more vital for a user.
Therefore, it presents practical contributions to the on-going and upcoming advancement of technology-
based VR communication support and a deeper comprehension of the network performance enhancement
approaches.

Keywords — Emerging Technologies, Virtual Reality, UDP, Modelling, Performance.

. INTRODUCTION
The rate of development in new generation technologies is refacing how people interface with digital
material thus resulting in exponential needs for more bandwidth. These innovations are adding new
dimensions of complexity to the network platforms because of high data rates, low-latency demands and
incorporation of complex application [1]. For future needs to be met by these networks, there is the need
to use frameworks that predict traffic load [2].
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This research is about predicting potential implications of new technology for networks and
infrastructure. On the basis of the perspectives with regard to technology trends, traffic forecasts and the
best industry practices, this work offers the practical means that can facilitate a transition to new
paradigms in the sphere of network demands and the effective implementation of technologies.

Virtual reality (VR) is a relatively young idea that was developed in the late *80s and ‘90. More specially,
it is a three-dimension model of a synthetic environment from which; viewers can get the feeling that they
are in a real world or a world more real than the actual world [3].

Tom Caudell designed augmented reality (AR) in 1990. It improves the real life or physical environment
by adding further Augmented Virtual 3D stuffs that look like real life object [4].

As defined the term, Mixed Reality (MR) is the interface between VR and AR to incorporate both and
blend real and virtual environments. Because it reproduces an interactive multi-object space in which the
distinction of physical and virtual reality is blurred [5].

As mentioned before, the Metaverse is defined by ISO as a large scale, persistent and immersive multi
user shared 3D virtual environment, and it automatically creates replicas of existing spaces in the physical
world called digital twins that can be used to understand, test and improve the physical world before
acting on it [6]. It is enabled by act of a combination with other technologies including AR, MR, and VR
[7 As discussed in figure (1) Such technologies have been widely implemented within the various
domains including medical, cultural, product development, online shopping and more [8].
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Fig .1. Trended technologies

The paper is organizing as follows: Section Il shows the literature review. Section Ill presents a case
study taken on VR technology performance. The results and discussion is described in Section V.
Finally, section V. summarizes the paper and suggests future works.

.LITERATURE REVIEW

Table (1) at of this research summarizes thirteen research papers on different immersive technologies,
with each paper representing a specific problem description, contribution, and outcomes.

184



International Journal of Advanced Natural Sciences and Engineering Researches

Table 1. Literature Review Summary

Pager Problem Objective Tools Contribution Results
statement
Himanshu VR enhancing Define VR in VRTK, distance training and Effective
etal. training in health healthcare, Al , discuss blender,Maya. therapy options. treatment for
2020 [9] care and identify Immersion Breakpoints psychological
immersion conditions.
breakpoints.
Fengxian Ignoring real-time  catch MEC capability, Deep reinforcement Enhance QOE,introduce outperforms the
Guoetal. rendering and data performance learning DRL, distributed learning baseline
2020 [10] correlation improvement game theory algorithm algorithms in
,Maximize QOE terms of QoE,
latency, and
convergence time
LIDIAM.  Underground and manage 3D 3D GIS and topological data model Successful
ORTEGA indoor facilities underground BIM,CityGML execution of
etal lack real-time data  infrastructure networks CRUD operations
2020 [11] and rely on
outdated plans
Venkatakr Multi-user VR Evaluate multi-user VR Oculus analyzes network More than 10
ishnan needs high network application network Rift,headset,Python conditions and user counts users degrade
etal performance, QoS, on VR performance. performance,
2020 [12] privacy ,and high improve
image quality. smoothness
A. Hayes, Challenges and Improve3DVR - presents TPACK supportingK16
et al constraints in Learning Environments framework teachers
2021 [3] applying VR in (VRLE). ,implement VR
education. content into
classrooms
effectively
Chufeng Insufficient data propose a virtual reality edge large-scale data acquisition Improved
Huang sharing and scene modeling method computing ,database and modeling efficiency,
etal openness that integrates loT dynamic loading Enhanced
2022 [13] technology. management capabilities
Dimitrios AEC industry state-of-the-art Building Information proposed guidelines for proposed a
Ververidis needs better VR collaborative VR Modeling ,Computer- collaborative VR system. blueprint for an
etal and BIM systems Aided Design ideal system.
2022 [14] integration
Saeed AEC industry can’t  Identify VR-BIM use ~ PRISMA was performed Design and project Enhance
Safikhani  use BIM fully due cases VR and BIM terms. management, on VR understanding,
etal., [15] to collaboration applications decision-making,
challenges and collaboration.
Kai Zhang  accurate and real- Spatial-Temporal GC-GRU Model model (GC-GRU) handling changing
etal., time network Graph Convolution data and working
2023 [16] traffic prediction, Gated Recurrent Unit well in various
(GC-GRU) situations.
Francesca create program Integrate VR with ML Cave Automatic Virtual establish a novel approach increase
Bruni et using semi- to help Parkinson’s Environment,(Full HD to dual-task rehabilitation treatment’s
al., immersive VR sick people 3D UXGA DLP,dual- that combines cognitive and  and individualized
2024 [17] Task Exercises motor training in realistic training.
manner.
Adedotun  Challenges of VR integration of VR into headsets Highlighting diverse VR enhances
Adetunla in education educational settings applications of VR in student motivation
2024 [18] ,enhance teaching education
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CASE STUDY: PREDICTING VR NETWORK DEMANDS
Virtual Reality (VR) networking plays a strategic role in guaranteeing continuous and engaging user
interfaces. Bear in mind that in order to get the best out of VR, a number of network parameters, latencies as
well as bandwidth are critical in the face of high data rates and low latency requirements [19].

. Case description

The main objective of this case study is to develop a framework to estimate the traffic demands of VR, by
considering factors like data rate, Packet processing rate, and cable length to avoid potential bottlenecks. The
network consists of VR client and server connected via Ethernet cable.As shown in figure (2).

UDP Ethernet

Fig .2. system block diagram
B. Research method

Create a computer simulation of an application and network to experiment with different behaviors of the
network on various application and network conditions. Perform cable length analysis, data rate, and the
Packet Processing Rate (PPR) analysis as they relate to the network.

C. Modelling implementation

Propose a VR system that employs UDP Ethernet network with parameters illustrated in the table II, it is
noteworthy that the size parameters are in bytes.

Table (1) Suggested VR network specifications [18], [20]-[22]

Parameter Value Parameter value

Ethernet frame 14 MTU 1500
header
IP header 20 VR fps 60
UDP header 8 Max payload 1432
size
VR Protocol 26 VR frame size 1 MB
base header

The system was described as a sequence diagram that presents an overview of all the interactions between
the VR Client and the VR Server of an application during a virtual reality session via UDP Ethernet
networks. The sequence is divided into three major phases: It has three phases: Session Establishment phase,
Active Video Streaming phase where real streaming of videos and client server communication occurs and
Session termination phase.

Every phase has some mandatory signals to complete the session out there. It is however important to note
that the above outlined three phases are not the only phases to be required in a process of executing a project
that is complex, but there are more phases. Included in figure (3) The following system equations were used
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to determine the effect of each parameter on performance as shown: Then set two and alter the third and
implement the graphs showing its impacts on the latency and throughputs.
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Fig .3. VR Sequence Diagram (a,b,c)

Assume periodic network health check is done every 50 ms , cable length is 10 m, data rate is 1GB and ppr
is equal to 205k, and by combining stream signals and control signals in the sequence diagram in figure(3)
we found that the mentioned signals impact on network latency does not exceed 0.19%, therefore we will
neglect them when calculating whole system performance.

Maximum payload size = Ethernet maximum transfer unit — headers ...equ.(1)

Max.payload size = MTU — IP — UDP — VR app.= 1500 — 14 — 20 — 8 — 26 = 1432bytes
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Total latency = Ethernet data latency + Ack.latency ...equ.(2)

ethernet data frame * 8

Throughput = ...equ.(3)

total latency

Ethernet data latency

1
= Ethernet data network delay + switch delay + - ..equ. (4)
packet processing rate
1
Ack.latency = network delay Ack. +swich delay + packet processing rate " equ.(5)
Ethernet data network delay = data packet length | __cable length ...equ.(6)
data rate propagation speed
VR frame size IMB
no.of ethernet frame for each VR frame = Max payload size — 1432 733 ...equ.(7)
Network Utilization
VR frame size
~ (data packet length + ack packet length) * (Ethernet Trame Size) * (VR fps * 8) o (8)

data rate

B. Results and Discussion

The system has high throughput if the number of packets processing rate is increased. This is most probably
due to the fact that, total overhead is likely to be inversely proportional to the amount of data tackled per
packet.Using more packets in every round probably decreases the chances of handshakes or re initializations
thus enhancing the transmission rate as it is depicted in fig (4).

As an important indicator of signal quality, it shows that latency directly depends on the cable length — from
20 microseconds for cables shorter than 200 meters and reaching 35 microseconds at 1000
meters. Throughput is inversely proportional with the cable length and is approximately 0.60 Gbps for the
short cable length (0-200 meters) and approximately 0.40 Gbps for 1000 meters cable length.The slow
throughput is because of growing signal attenuation and higher error rate, which requires retransmission and
error correction techniques as depicted in figure (5).rly with cable length, starting from ~20 microseconds for
short cables (0-200 meters) and rising to ~35 microseconds at 1000 meters. Throughput decreases as the
cable length increases, starting from ~0.60 Gbps at short cable lengths (0-200 meters) and dropping to ~0.40
Gbps at 1000 meters.The reduction in throughput is likely due to signal degradation and increased error rates
over longer cable lengths, which necessitate retransmissions and error correction mechanisms , as shown in
figure (5).

in figure (6) Throughput rises with the increasing data rate for every test as it forms a near perfect linear
trend right up to the highest data rate possible (~2.5 Gbps). As the data rate increases there may be indication
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that the curve is reaching saturation (the curve may flatten out).The increase in throughput is expected
because; more data is transferred per second with higher data rates . The latency reduces rapidly with the data
rate as depicted at a lower latency value of ~ 20 micro Sec for a data rate of ~ 2.5Gbps.
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Fig .4. Latency and Throughput and vs ppr
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IV. TRENDED TECHNOLOGIES CHALLENGES

Technologies face some difficult terrains as they evolve [23], [24]. The main challenges that the present
technologies encounter are illustrated in Figure 7. [5].

Metaverse

Fig .7. Trended Technologies Challenges

V. CONCLUSION

(1]

(2]

(3]

Dimensioning an actual network using virtual reality gives a new face to information sharing and
accessing and at the same time, sustaining the current fast and far-aching growth of the current
technologies.

This paper aims at studying the effects of the Advanced Technologies on the performance of the network
with especial reference to virtual reality technology. This study also explains how UDP Ethernet
communication plays a very central role in improving the performance of Virtual Reality (VR) systems.
The experiments show that basic parameters within the network like cable length, data rate and packets
per refresh have an impact on latency as well as through put. The results show that though the
performance of the system becomes better with the increment in the number of packets, it is not without
its drawbacks because it will also have bottlenecks as a result of system constraints. The results highlight
the general neccessity to tune further the parameters of the network configurations to cope with the high-
requirement needs of immersive technologies. Realisation of concept technologies: New technologies
such as the VR provisional and can be used in gaming, commerce, and entertainment industries among
others. However, because it engenders monumental amounts of data, networks have to be built and
hardware has to meet the new parameters that include high ppr, high speed, and security.

Further The study further explored into the feasibility of implementing other forms of communication
other than UDP while considering its effectiveness to the performance of immersion in virtual reality
under different network conditions. An examination of the VR cost in combination with other related
technologies like Augmented Reality (AR) and Mixed Reality (MR) in order to design complex systems
for extended reality environments.
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