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Abstract:- This paper presents a  systematic
categorization of the immersive holographic-type video
streaming domain. This taxonomy covers a wide range of
aspects, including immersive technology types (AR, MR,
VR), holographic projection methods (optical and digital
holography), capture and encoding techniques (multi-
camera arrays, light field technology, depth sensing),
streaming technologies (cloud-based, peer-to-peer,
adaptive bitrate), interactivity and collaboration (single-
user, multi-user, interactive viewing), end-user devices
(holographic displays, HMDs, mobile devices), quality
and realism levels, application domains (entertainment,
education, communication, medical, architecture),
development  platforms, challenges, and ethical
considerations. It serves as a valuable reference for
researchers, developers, and stakeholders seeking a
comprehensive understanding of this cutting-edge
technology and its potential applications and implications.
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I INTRODUCTION

In recent years, the rapid advancements in virtual and
augmented reality have paved the way for groundbreaking
technologies that blur the lines between the real and virtual
worlds.  Among these transformative innovations is
"Immersive Holographic Video Streaming," a cutting-edge
concept that brings a new dimension of realism and
interactivity to visual experiences. This novel technology
offers users the ability to interact with lifelike holographic
content seamlessly streamed to their devices, immersing them
in captivating and interactive virtual environments.

This paper aims to provide a systematic and in-depth
understanding of this dynamic field. By presenting a detailed
categorization of the various aspects and components of
immersive holographic video streaming, this taxonomy serves
as an invaluable reference for researchers, developers, and
stakeholders in the domain.

The taxonomy begins by establishing a foundational
understanding of the different immersive technology types.
Augmented Reality (AR) overlays virtual objects onto the
real-world environment [26], while Mixed Reality (MR)
blends virtual and real elements [30], enabling interactive
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experiences. Virtual Reality (VR), on the other hand, creates
entirely computer-generated environments, allowing users to
delve into fully immersive digital realms. Understanding these
technology types is crucial as they form the basis for
subsequent classifications.

A fundamental aspect of immersive holographic video
streaming [7] is the method of holographic projection [16]
employed. The taxonomy explores two primary approaches:
optical holography and digital holography. Optical
holography [32] involves the use of lasers and optical
elements to generate holograms, while digital holography [15]
utilizes computer-generated algorithms to produce virtual
holographic content. This section delves into the intricacies of
each method, shedding light on the underlying principles of
holographic projection.

The taxonomy then investigates the diverse capture and
encoding techniques utilized in immersive holographic video
streaming. Multi-camera arrays [4] capture multiple
perspectives simultaneously, enhancing the sense of depth and
realism. Light field technology [27] captures both spatial and
directional information of light rays, enriching the visual
experience. Additionally, depth sensing methods [10] enable
the acquisition of depth information, which contributes to the
creation of compelling 3D holographic content.

Efficient streaming technology is a critical aspect of
delivering seamless and immersive holographic experiences.
The taxonomy explores various streaming methods, including
cloud-based streaming [22], which offloads processing and
rendering to remote servers, and peer-to-peer streaming [3],
which leverages direct data sharing between users. Adaptive
bitrate streaming techniques [20] are also examined, ensuring
optimal video quality based on users' internet connection.

Interactivity and collaboration play pivotal roles in
enhancing the user experience within immersive holographic
environments [31]. The taxonomy distinguishes between
single-user and multi-user experiences, allowing users to
engage with  holographic content individually or
collaboratively [12]. Additionally, it explores scenarios where
users can interact synchronously or asynchronously within
shared holographic spaces [5], fostering a sense of presence
and social interaction.
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Another crucial aspect of immersive holographic video
streaming is the level of content interaction [8]. The taxonomy
categorizes experiences into passive viewing, where users are
observers, and interactive viewing, where users can actively
manipulate and engage with holographic objects [6]. Various
interaction modalities [11], such as gesture-based, voice-
based, handheld controllers, and eye-tracking, are discussed to
understand the diverse ways users can interact with
holographic content.

The taxonomy further explores the realm of end-user
devices that facilitate immersive experiences. From
specialized holographic displays to head-mounted displays
(HMDs) [25] and mobile devices with AR/VR capabilities
[13], each device type plays a significant role in shaping the
quality and accessibility of holographic video streaming.

To provide a holistic view, the taxonomy classifies
holographic video quality and realism levels, distinguishing
between high-fidelity holography with dynamic features and
low-fidelity static holography [9]. Understanding these
distinctions is essential in catering to various application
domains.

Speaking of applications, immersive holographic video
streaming has transformative potential across multiple fields.
The taxonomy delves into domains such as entertainment and
gaming [28], education and training [23], communication and
collaboration [24], medical visualization [29], and
architectural visualization [33], highlighting how this
technology is reshaping these industries.

Beyond applications, the taxonomy addresses the
development platforms, tools, challenges, and research areas
crucial for advancing immersive holographic video streaming.
Holographic SDKs [14], content creation software, and
streaming servers are explored to understand the tools
available for content creation and delivery. Moreover, the
challenges encompassing holographic compression, network
constraints, hardware limitations, and user interface design are
presented to address key hurdles in the technology's
proliferation.

Lastly, ethical and legal considerations are paramount as
immersive holographic video streaming becomes more
prevalent. Privacy concerns in holographic telepresence [2],
intellectual property rights for holographic content [1], and
ensuring inclusive and accessible experiences are discussed to
ensure responsible development and deployment.

Finally, this paper provides an intricate exploration of
the multifaceted world of this emerging technology. By
offering a systematic breakdown of technologies, applications,
and challenges, this taxonomy aims to serve as a valuable
resource for those involved in shaping the future of immersive
holographic-type video streaming. As technology continues to
evolve, this taxonomy provides a foundation for
understanding its vast potential and fostering further
innovation in this captivating field.
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This paper consists of .... Video streaming is discussed
in Section Il with the new upcoming immersive holographic
variant. The motivation for the immersive holographic video
streaming taxonomy is given in Section I11. In Section IV the
taxonomy is presented with a discussion in Section V. Finally,
the conclusion is given in Section VI.

1. VIDEO STREAMING

A. Introduction

Video streaming [21] has revolutionized the way we
consume and share multimedia content over the internet. As
internet connectivity and bandwidth capabilities have
improved, streaming technology has become an integral part
of our daily lives, providing seamless access to a vast array of
videos, movies, live events, and interactive content on various
devices.

Video streaming refers to the real-time delivery of video
content over the internet, allowing users to watch videos
instantly without the need to download them fully. This on-
demand and real-time access has made video streaming
immensely popular, reshaping the entertainment, education,
communication, and business landscapes.

The process of video streaming involves breaking down
video files into small data packets and transmitting them over
the internet. Users can start watching the video while the
subsequent data packets are being downloaded, enabling a
continuous playback experience. Video streaming technology
incorporates adaptive bitrate algorithms, which automatically
adjust the video quality based on the viewer's internet
connection, ensuring smooth playback even in challenging
network conditions.

The emergence of streaming platforms and services has
democratized content distribution, enabling creators and
organizations of all sizes to reach global audiences. Streaming
services [19] offer a vast library of on-demand content,
including movies, TV shows, documentaries, and user-
generated videos, catering to diverse tastes and preferences.

Moreover, live video streaming has transformed the way
we experience events and connect with others in real-time
[18]. From live sports broadcasts and concerts to webinars and
virtual meetings, live streaming fosters a sense of immediacy
and interactivity, bringing people together across geographical
boundaries.

While video streaming has significantly enhanced our
media consumption experiences, it also poses technical
challenges related to bandwidth, latency, and infrastructure
requirements. As technology continues to advance, new video
codecs, adaptive streaming techniques, and content delivery
networks (CDNs) are constantly being developed to optimize
the streaming process.

Finally, video streaming has revolutionized the way we
access and interact with video content, making it an integral
part of modern media consumption [17]. Its seamless and on-
demand nature, coupled with the rise of streaming platforms,
has reshaped entertainment and communication paradigms,
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ushering in a new era of digital media consumption. As
technology continues to evolve, video streaming is expected
to further enhance user experiences and shape the future of
multimedia content delivery.

B. Immersive Holographic Video Streaming

Immersive Holographic Video Streaming represents a
groundbreaking frontier in the realm of virtual and augmented
reality, elevating the way we perceive and interact with digital
content. This innovative technology pushes the boundaries of
visual experiences, offering users an unparalleled sense of
presence and interactivity by merging virtual holographic
elements with the real world. It goes beyond traditional video
streaming, enabling users to engage with lifelike 3D
holographic content in real-time, as if the holograms were
physically present in their environment.

At its core, immersive holographic video streaming
leverages advanced holographic projection methods, such as
optical and digital holography, to create realistic and dynamic
3D representations of virtual objects. These holograms are
captured using cutting-edge techniques like multi-camera
arrays, light field technology, and depth sensing, enabling the
seamless integration of virtual content into the user's
surroundings.

The magic of immersive holographic video streaming
unfolds when users don specialized devices, such as
holographic displays, head-mounted displays (HMDs), or
even their smartphones and tablets with augmented reality
capabilities. By donning these devices, users can immerse
themselves in captivating virtual worlds, where they can
interact with and manipulate holographic objects as if they
were tangible.

The streaming technology behind  immersive
holographic video is equally critical to deliver smooth, high-
quality experiences. Cloud-based streaming processes data on
remote servers, allowing the real-time rendering of
holographic content before streaming it to users' devices.
Additionally, adaptive bitrate streaming adjusts video quality
based on users' internet connection, ensuring a seamless
experience regardless of network conditions.

Applications for immersive holographic video streaming
span a wide range of domains, from entertainment and gaming
to education, communication, medical visualization, and
architectural exploration. It has the potential to transform how
we learn, collaborate, and experience the world around us,
blurring the boundaries between physical and virtual realms.

However, this cutting-edge technology also comes with
its share of challenges. Holographic compression, network
latency, hardware limitations, and user interface design are
among the key areas that researchers and developers are
continuously addressing to enhance the technology's
performance and accessibility.

Finally, Immersive Holographic Video Streaming

represents an exciting and transformative evolution in the way
we perceive and interact with digital content. By integrating
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virtual holographic elements into our reality, this technology
pushes the boundaries of visual experiences, offering
unprecedented levels of immersion and interactivity. As
research and development in this field continue to progress,
we can anticipate a future where immersive holographic video
streaming becomes an integral part of our everyday lives,
shaping how we connect, learn, and engage with the digital
world.

1. MOTIVATION FOR TAXONOMY

The need for taxonomy in Immersive Holographic Video
Streaming arises from the complexity and multidimensionality
of this emerging technology. As this technology evolves, a
comprehensive and well-organized classification system
becomes essential to bring structure and clarity to the various
aspects, components, and applications within the field. Here
are some specific reasons why taxonomy is crucial in
Immersive Holographic Video Streaming:

e Understanding the Technology Landscape: Immersive
Holographic Video Streaming encompasses a wide range
of technologies, from holographic projection methods and
capture techniques to streaming technologies and end-user
devices. A taxonomy helps researchers, developers, and
stakeholders grasp the diverse technological landscape,
providing a clear overview of the different components
involved.

e Categorizing Application Domains: Immersive
Holographic  Video Streaming has far-reaching
applications,  spanning  entertainment,  education,

communication, medical visualization, architectural
exploration, and more. A taxonomy enables the
classification of these domains, allowing for better
identification of specific use cases and their respective
requirements.

e Comparison and Evaluation of Techniques: With various
holographic projection methods, capture techniques, and
streaming technologies available, a taxonomy allows for a
structured comparison of these techniques. This facilitates
evaluating their advantages, limitations, and suitability for
different applications, aiding researchers and developers in
making informed decisions.

e Standardization and Communication: As the technology
advances and becomes more prevalent, standardization
becomes crucial for effective communication among
researchers, developers, and industry stakeholders. A
taxonomy provides a common language and reference
framework, promoting consistency and coherence in
discussions and collaborations.

e ldentifying Research and Development Gaps: By
classifying the challenges and research areas, a taxonomy
highlights the gaps in current Immersive Holographic
Video Streaming technology. This knowledge encourages
focused research efforts to address these challenges and
accelerate advancements in the field.

e Facilitating Content Creation and Delivery: Content
creators and streaming platforms can benefit from a
taxonomy to understand the requirements and constraints
of different immersive holographic experiences. It aids in
tailoring content for specific applications and optimizing
content delivery based on end-user devices.

WWW.ijisrt.com 2578


http://www.ijisrt.com/

Volume 8, Issue 7, July — 2023

e Guiding User Experience Design: For designers and
developers working on user interfaces and interaction
paradigms, a taxonomy helps to structure user experiences
based on the level of interactivity, content interaction, and
end-user devices. This ensures intuitive and engaging
experiences for users.

e Supporting Policy and Regulation: As Immersive
Holographic Video Streaming gains wider adoption, there
may be legal and ethical considerations to address. A
taxonomy facilitates clear identification of ethical
implications, privacy concerns, and intellectual property
rights, helping policymakers and regulators make
informed decisions.

The need for taxonomy in Immersive Holographic Video
Streaming is driven by the technology's complexity, diverse
applications, and the desire for effective communication and
organization within the field. It serves as a fundamental tool to
navigate the intricacies of this dynamic technology,
supporting research, development, standardization, and the
realization of its vast potential across various domains.

Iv. TAXONOMY

The complex Immersive Holographic Video Streaming
taxonomy is a comprehensive and intricate categorization
system that organizes the multifaceted components and
characteristics of this cutting-edge technology. It aims to
provide a structured framework for researchers, developers,
and stakeholders to understand and explore the various
aspects of immersive holographic video streaming in a
detailed manner. Here is an overview of the components
included in this complex taxonomy:

» Immersive Technology Types:

o Augmented Reality (AR) - Augmented Reality overlays
virtual objects and information onto the real-world
environment, enhancing the user's perception of reality. In
immersive holographic video streaming, AR technology is
used to blend virtual holographic content seamlessly with
the user's physical surroundings, creating a mixed-reality
experience.

o Mixed Reality (MR) - Mixed Reality combines elements
of both virtual reality and augmented reality. In the
context of immersive holographic video streaming, MR
enables the integration of lifelike holographic objects into
the real world, allowing users to interact with and
manipulate virtual content while coexisting with the
physical environment.

e Virtual Reality (VR) - Virtual Reality immerses users in
fully computer-generated environments, completely
replacing the real world with a digital realm. In immersive
holographic video streaming, VR technology offers users a
profound sense of presence within holographic
environments, enabling interactive experiences and
simulations  beyond traditional video  streaming
capabilities.

e The categorization of immersive technology types is
fundamental in the Immersive Holographic Video
Streaming taxonomy as it lays the groundwork for
understanding the different approaches to creating
immersive experiences. Each technology type offers
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unique possibilities and challenges, shaping the way users
interact with holographic content and their physical
surroundings. The subsequent components of the
taxonomy build upon these immersive technology types to
explore various aspects of immersive holographic video
streaming comprehensively.

» Holographic Projection Methods:

e Optical Holography: Optical holography involves the use
of lasers and optical elements to create real-time
holographic representations of virtual objects. It captures
both the intensity and phase information of light waves,
enabling the generation of highly realistic and dynamic
holographic content.

o Reflection Holography: This method captures holograms
using light that is reflected off objects, creating
holographic images that can be viewed with ambient
lighting.

e Transmission Holography: Transmission holography
captures holograms using light that passes through objects,
resulting in holographic images that appear more
transparent and vibrant.

e Hybrid Holography: Hybrid holography combines
elements of both reflection and transmission holography to
achieve specific visual effects and applications.

o Digital Holography: Digital holography relies on
computational  algorithms to  create  holographic
representations of virtual objects. It eliminates the need for
physical optical components, making it suitable for real-
time rendering and interactive holographic content.

o Fresnel Holography: Fresnel holography uses the Fresnel
diffraction principle to reconstruct holographic images
from digitally captured wavefront data.

e Fourier Holography: Fourier holography utilizes Fourier
transforms to convert digitally captured spatial
information into holographic representations.

e Computer-Generated Holography (CGH): CGH involves
complex algorithms to generate holographic content,
allowing for precise control over holographic objects'
appearance and behavior.

e Integral Imaging: Integral imaging captures multiple
perspectives of a scene to create a multi-perspective, 3D
holographic display.

The Holographic Projection Methods category in the
Immersive Holographic Video Streaming taxonomy focuses
on the different techniques employed to create holographic
content for streaming. Each method has its advantages and
applications, influencing the realism, interactivity, and quality
of holographic experiences. Understanding these holographic
projection methods is crucial for content creators, developers,
and researchers working on immersive holographic video
streaming technologies.

» Capture and Encoding Techniques:

e Multi-Camera Array: Multi-camera arrays involve using
multiple cameras positioned strategically to capture a
scene from different viewpoints simultaneously. This
technique enables the acquisition of diverse perspectives,
which is essential for creating a comprehensive 3D
representation of the holographic content.
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e Stereo Camera Array: A stereo camera array consists of
two or more cameras capturing the same scene from
slightly different angles, simulating the way human eyes
perceive depth.

e Light Field Camera Array: Light field camera arrays
capture both the spatial and directional information of
light rays, enabling the reconstruction of realistic 3D
holographic content with the ability to adjust focus and
perspective after capture.

e Light Field Technology: Light field technology captures
the complete information about the light rays in a scene,
allowing for the reconstruction of 3D holographic content
with realistic depth cues and parallax effects.

e Plenoptic Camera: A plenoptic camera records the entire
light field information, enabling the creation of dynamic
and interactive holographic content.

e Multi-Layer Display: Multi-layer displays utilize light
field technology to present holographic content through
multiple transparent layers, providing realistic visual
depth.

e Depth Sensing: Depth sensing techniques acquire depth
information from the scene, contributing to the creation of
lifelike and interactive holographic content.

o Time-of-Flight (ToF) Cameras: ToF cameras measure the
time taken by light to travel from the camera to objects
and back, enabling the calculation of depth information.

e Structured Light Depth Sensors: Structured light depth
sensors project a known pattern of light onto the scene and
use the deformation of the pattern to compute depth.

Capturing and encoding holographic content is a
fundamental step in the immersive holographic video
streaming process. The techniques in this category determine
the level of realism and interactivity in the holographic
experience. By understanding these capture and encoding
methods, content creators, developers, and researchers can
optimize the quality and dynamic capabilities of the
holographic content for streaming and interactive use cases.

» Streaming Technology:

= Cloud-Based Streaming: Cloud-based streaming involves
offloading the computational burden of rendering and
processing holographic content to remote servers in the
cloud. This approach allows real-time generation of
holograms, which are then streamed to users' devices for
seamless playback and interaction.

e Server-Side Rendering: The cloud servers handle the
rendering process, generating the holographic content
based on user interactions and device capabilities before
delivering it to the end-user.

e Client-Side Rendering: The client device handles some
rendering processes locally, reducing latency and
bandwidth requirements by leveraging the device's
processing power.

o Peer-to-Peer Streaming: Peer-to-peer streaming enables
direct data sharing between users, allowing them to
exchange holographic content and interact with each other
in shared virtual environments.

o Adaptive Bitrate Streaming (ABR): Adaptive bitrate
streaming dynamically adjusts the quality of holographic
content based on the user's internet connection and device
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capabilities, ensuring smooth playback and optimal user
experience.

e Dynamic Adaptive Streaming over HTTP (DASH):
DASH is a streaming protocol that adapts the bitrate of the
holographic video stream based on the user's available
bandwidth and network conditions.

e HTTP Live Streaming (HLS): HLS is another adaptive
streaming protocol commonly used for holographic video
delivery to devices, adjusting the video quality on-the-fly
to match the user's network conditions.

e Bitrate Adaptation Techniques: Various algorithms and
techniques are employed to determine the optimal bitrate
for holographic content delivery, taking into account
network fluctuations and user device capabilities.

Streaming technology is a critical component of
immersive holographic video streaming, as it determines how
efficiently and effectively holographic content is delivered to
end-users. The taxonomy's inclusion of streaming technology
helps content providers, developers, and service providers
select the most suitable streaming approach for delivering
high-quality and interactive holographic experiences to users
across different devices and network conditions.

> Interactivity and Collaboration:

e Single-User Experience: Single-user experiences in
immersive holographic video streaming involve an
individual ~ engaging  with  holographic  content
independently, without direct interaction with others.

e Multi-User Experience: Multi-user experiences enable
multiple users to interact within the same holographic
environment, fostering collaboration, communication, and
shared interactions.

e Synchronous Collaboration: Users can interact with each
other and holographic content in real-time, enabling joint
activities and shared experiences.

e Asynchronous Collaboration: Users can interact with
holographic content at different times, leaving behind
persistent changes or annotations for other users to view
and interact with later.

e User Avatars and Representations: In multi-user
experiences, user avatars or representations are used to
visually depict individual users within the shared
holographic environment. These avatars may be realistic
representations or stylized visualizations, enhancing social
presence and communication.

Interactivity and collaboration are essential aspects of
immersive holographic video streaming, defining the level of
engagement and social interaction within holographic
environments. Understanding the types of experiences and
collaboration models is crucial for content developers,
educators, and designers to create compelling and socially
immersive holographic applications. Additionally, this
taxonomy component guides the development of user
interfaces and interaction paradigms that support seamless and
meaningful engagement among users within holographic
spaces.
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» Content Interaction:

e Passive Viewing: Passive viewing involves users
observing holographic content without direct interaction or
manipulation. Users can enjoy immersive experiences, but
they have limited control over the holographic elements.

o Interactive Viewing: Interactive viewing enables users to
actively engage with and manipulate holographic content,
enhancing their level of immersion and participation
within the holographic environment.

e Gesture-Based Interaction: Users can use hand gestures
and movements to interact with holographic objects,
triggering actions or navigation within the holographic
scene.

e \oice-Based Interaction: Voice commands allow users to
control holographic content and perform actions using
spoken words or specific phrases.

e Handheld Controllers: Handheld controllers or input
devices may be utilized to interact with holographic
elements, providing precise control and manipulation.

e Eye-Tracking Interaction: Eye-tracking technology allows
users to interact with holographic content by focusing their
gaze on specific elements, triggering actions or providing
input through eye movements.

The content interaction category in the Immersive
Holographic Video Streaming taxonomy identifies how users
can engage with holographic content. The level of content
interaction directly impacts the level of immersion and user
agency within the holographic experience. Understanding
these interaction methods enables developers to design
intuitive and user-friendly interfaces that empower users to
interact naturally and seamlessly with holographic elements,
contributing to a more immersive and satisfying user
experience.

» End-User Devices:

= Holographic Displays: Holographic displays are
specialized screens capable of rendering holographic
content without the need for additional wearable devices.
They offer users a direct view of holographic objects
within their field of vision.

e Spatial Light Modulators (SLMs): Spatial light modulators
manipulate light waves to display holographic content,
offering high-resolution and dynamic holographic
displays.

e Holographic Optical Elements (HOEs): Holographic
optical elements diffract light to generate holographic
images, providing compact and lightweight holographic
display solutions.

e Head-Mounted Displays (HMDs): Head-mounted displays
are wearable devices that users wear on their heads,
immersing them in holographic content through stereo
screens placed close to the eyes.

o Tethered HMDs: Tethered HMDs require physical
connections to powerful computing devices, offering high-
quality and graphics-intensive holographic experiences.

e Standalone HMDs: Standalone HMDs have built-in
computing capabilities, offering untethered and more
mobile holographic experiences.

NISRT23JUL2369

International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165

e Mobile HMDs: Mobile HMDs leverage smartphones or
tablets as the display and processing unit, providing
portable and accessible holographic experiences.

e Mobile Devices: Smartphones and tablets with augmented
reality capabilities can also serve as end-user devices for
immersive holographic video streaming, enabling users to
experience holographic content without the need for
additional hardware.

The taxonomy of end-user devices in Immersive
Holographic Video Streaming identifies the hardware options
available to access holographic content. Different devices
offer varying levels of immersion, mobility, and convenience,
catering to diverse user preferences and use cases.
Understanding the capabilities and limitations of each device
type aids content creators and developers in optimizing
holographic experiences for specific platforms and delivering
engaging content to a wide range of users.

> Quality and Realism Levels:

o High-Fidelity Holography: High-fidelity holography aims
to provide the most realistic and immersive holographic
experiences possible, approaching the level of realism
found in the physical world.

e Full-Parallax Holography: Full-parallax holography
ensures that holographic content is viewable from any
perspective, allowing users to perceive the content from
different angles and distances, just like real objects.

e Interactive and Dynamic Holography: Interactive and
dynamic holography allows users to interact with
holographic content in real-time, enabling changes and
animations in response to user actions.

e Low-Fidelity Holography: Low-fidelity holography offers
less realistic representations of holographic content, often
with limited visual depth and interactivity compared to
high-fidelity holography.

e Limited-Parallax Holography: Limited-parallax
holography may restrict the range of perspectives from
which holographic content is viewable, reducing the sense
of depth and realism.

e Static Holography: Static holography presents non-
interactive or pre-recorded holographic content without
real-time adjustments or user interactions.

The quality and realism levels in the Immersive
Holographic Video Streaming taxonomy describe the degree
to which holographic content resembles real-world objects
and environments. High-fidelity holography aims to create an
incredibly immersive experience, closely mimicking real-life
interactions and perceptions. In contrast, low-fidelity
holography sacrifices some realism to achieve other
advantages, such as lower computational requirements or
broader accessibility. Understanding the different quality and
realism levels helps content creators, developers, and users
choose the most suitable holographic experiences for their
specific needs and preferences.

> Application Domains:

= Entertainment and Gaming:

e Holographic Gaming: Immersive holographic video
streaming opens up new possibilities for gaming, allowing
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players to interact with virtual worlds and characters in a
more realistic and engaging manner.

Immersive Video Streaming Platforms: Streaming
platforms dedicated to holographic content offer users a
vast array of interactive and captivating experiences,
including virtual concerts, live performances, and
interactive storytelling.

Education and Training:

Holographic Learning Environments: Holographic video
streaming transforms education by providing interactive
and experiential learning environments, allowing students
to explore complex subjects with 3D holographic models
and simulations.

Virtual Laboratories: Immersive holographic technology
facilitates safe and cost-effective virtual laboratories,
where students can perform experiments and simulations
in a lifelike environment.

Communication and Collaboration:

Holographic Telepresence: Immersive holographic video
streaming enables remote communication with a sense of
presence, making virtual meetings and conferences more
engaging and interactive.

Remote Collaboration: Collaborative workspaces in
holographic environments promote teamwork and
productivity, allowing remote team members to interact
seamlessly.

Medical Visualization:

Surgical Planning and Training: Holographic video
streaming aids surgeons in planning complex procedures
and provides a realistic platform for surgical training and
simulations.

Medical Imaging: Holographic visualization enhances
medical imaging, allowing medical professionals to
interact with and explore 3D representations of patient
anatomy.

Architectural Visualization:

Holographic Building Models: Architects and designers
use holographic video streaming to showcase interactive
3D models of buildings and urban landscapes, aiding in
the visualization and communication of architectural
concepts.

Virtual Walkthroughs: Holographic walkthroughs offer
clients and stakeholders an immersive experience of
architectural projects before they are built, helping them
make informed decisions.

The taxonomy of application domains in Immersive
Holographic Video Streaming outlines the diverse areas
where holographic technology finds practical use. Each
domain benefits from the unique capabilities of immersive
holographic video streaming, fostering innovation and
transforming experiences in entertainment, education,
communication, healthcare, and architecture.
Understanding the varied application domains guides
developers and stakeholders in tailoring immersive
holographic experiences to meet specific requirements and
leverage the full potential of this revolutionary technology.

Development Platforms and Tools:
Holographic SDKs (Software Development Kits):
Holographic SDKs provide developers with the necessary
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tools, libraries, and APIs to create immersive holographic
applications and experiences. These SDKs often include
rendering engines, gesture recognition, spatial mapping,
and interaction frameworks specific to holographic
content.

Holographic Content Creation Software: Content creation
software tailored for holographic video streaming
facilitates the design and development of interactive
holographic content. These tools assist in creating 3D
models, animations, and holographic scenes optimized for
real-time streaming and user interaction.

3D Modeling and Animation Software: Industry-standard
software that enables the creation of 3D models,
animations, and visual effects for holographic content
development.

Photogrammetry Tools: Photogrammetry software allows
the conversion of real-world objects and environments
into digital 3D models, enhancing the realism of
holographic content.

Holographic Streaming Servers: Holographic streaming
servers are specialized servers designed to handle the
processing and distribution of holographic content to end-
user devices. These servers ensure low latency and high-
quality streaming experiences, adapting to varying
network conditions.

The taxonomy of development platforms and tools in
identifies the

essential resources and software needed to create, design, and
deliver immersive holographic experiences. These tools
empower developers and content creators to harness the full
potential of immersive holographic video streaming, enabling
the creation of engaging and interactive content across various

application

domains.  Understanding the available

development platforms and tools facilitates the streamlined
creation of holographic experiences and the seamless
integration of interactive elements for users to enjoy.

» Challenges and Research Areas:

WWW.ijisrt.com

Holographic ~ Compression  Techniques:  Efficiently
compressing holographic data while maintaining high-
quality representations is a significant challenge.
Researchers are exploring novel compression algorithms
and approaches to reduce data size and transmission

bandwidth ~ without compromising the immersive
experience.
Network  Latency and Bandwidth  Constraints:

Holographic video streaming requires high data transfer
rates and low latency to deliver real-time and interactive
experiences. Overcoming network constraints and
ensuring smooth streaming pose ongoing challenges.
Hardware Limitations and Costs: The hardware
requirements for capturing, rendering, and displaying
holographic content can be demanding and costly.
Research focuses on developing more affordable and
accessible hardware solutions without sacrificing quality.
User Interface Design for Immersive Interaction:
Designing intuitive and user-friendly interfaces for
interacting with holographic content is crucial. Research
aims to explore natural and comfortable interaction
paradigms that enhance user immersion and engagement.
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e Perception and Comfort in Extended Holographic
Sessions: Extended exposure to holographic environments
may cause visual fatigue or discomfort. Understanding
human factors and user comfort is essential to design
holographic experiences that can be comfortably enjoyed
for extended periods.

e Privacy Concerns in Holographic Telepresence:
Holographic telepresence raises privacy concerns, as
virtual representations of users could be used without their
consent. Addressing privacy issues and ensuring secure
communication in holographic telepresence is a critical
research area.

o Intellectual Property Rights for Holographic Content:
Establishing intellectual property rights and copyright
protection for holographic content presents legal and
technological challenges that need to be addressed for fair
use and content ownership.

e Ensuring Inclusive and Accessible Experiences: Making
holographic video streaming accessible to users with
diverse abilities and needs is vital. Research explores
methods to ensure inclusivity, considering factors like
assistive technologies and accessible interfaces.

The taxonomy of challenges and research areas in
Immersive Holographic Video Streaming identifies the
current and future focus points for researchers and developers.
By understanding and addressing these challenges, the
immersive holographic video streaming technology can
evolve, leading to more refined and accessible experiences,
expanding its potential across various industries and domains.

» Ethical and Legal Considerations:

= Privacy Concerns in  Holographic Telepresence:
Holographic telepresence raises privacy issues, as it
involves  capturing and  transmitting  real-time
representations of individuals. Ensuring informed consent
and safeguarding personal data during holographic
interactions are critical ethical considerations.

e |Intellectual Property Rights for Holographic Content:
Addressing intellectual property rights for holographic
content is essential to protect the creations of content
developers and prevent unauthorized use or distribution of
proprietary holographic experiences.

e Authenticity and Misinformation: As holographic
technology advances, the risk of creating hyper-realistic
but misleading content emerges. Ensuring the authenticity
of holographic experiences and mitigating the spread of
misinformation are ethical concerns that need careful
attention.

e Digital Representation and Identity: Holographic
telepresence  and  collaboration  involve  virtual
representations of users. Ethical considerations encompass
issues of digital identity, consent, and the potential impact
on user agency and autonomy in virtual spaces.

e Accessibility and Inclusivity: Ethical considerations
demand that immersive holographic video streaming
remains accessible to users with disabilities and diverse
needs. Ensuring inclusivity and providing adequate
support for all users are critical aspects to address.
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e Health and Safety: Extended exposure to immersive
holographic experiences may have health implications,
such as visual fatigue or disorientation. Research and
guidelines are needed to ensure safe and comfortable user
experiences.

e Cultural Sensitivity and Representation: Creating
holographic content that is culturally sensitive and
respectful of diverse backgrounds is essential. Ethical
considerations extend to representation and cultural
accuracy in holographic applications.

e Security and Data Protection: Immersive holographic
video streaming involves the transmission and processing
of sensitive data. Securing data and protecting against
unauthorized access are paramount to maintaining user
trust.

e Addiction and Overuse: Ensuring responsible use of
immersive holographic video streaming technology
involves addressing potential addiction or overuse
behaviors and promoting a balanced approach to
consumption.

The taxonomy of ethical and legal considerations in
Immersive Holographic Video Streaming emphasizes the
importance of addressing ethical dilemmas and legal
implications related to the use of holographic technology. By
recognizing and proactively addressing these considerations,
developers, policymakers, and stakeholders can foster a
responsible and sustainable adoption of immersive
holographic video streaming, safeguarding user rights,
privacy, and overall well-being while maximizing the
technology's benefits.

The complex Immersive Holographic Video Streaming
taxonomy aims to offer a comprehensive and detailed
understanding of the technology's numerous dimensions,
applications, challenges, and considerations. By providing a
structured  framework,  this  taxonomy  facilitates
communication, research, and development efforts, fostering
advancements in the field and harnessing the full potential of
this extraordinary technology.

V. DISCUSSION

The Immersive Holographic Video Streaming
Taxonomy provides a systematic and structured framework
for understanding the various components and aspects of this
cutting-edge technology. It encompasses a wide range of
elements that contribute to the creation, delivery, and user
experience of immersive holographic content. Let's discuss
the significance and implications of this taxonomy:

e Comprehensive Understanding: The taxonomy offers a
comprehensive understanding of immersive holographic
video streaming by breaking down the technology into
specific categories. From immersive technology types to
end-user devices, it covers all essential aspects, enabling
researchers, developers, and stakeholders to grasp the
complexity of the field.

e Guidance for Development and Research: The taxonomy
provides valuable guidance for developers and researchers
working on immersive holographic video streaming
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projects. It serves as a roadmap for exploring various
avenues and making informed decisions when creating
content, designing interfaces, or developing new
technologies.

o Interdisciplinary Nature: Immersive holographic video
streaming draws upon multiple disciplines, including
computer graphics, computer vision, human-computer
interaction, and network engineering. The taxonomy
highlights the interdisciplinary nature of this technology,
emphasizing the need for collaboration across various
fields.

e Innovation and Advancements: By categorizing challenges
and research areas, the taxonomy points to potential
avenues for innovation and advancements in the field of
immersive holographic video streaming. Researchers can
focus on addressing critical challenges to drive progress in
holographic content delivery and user experiences.

o Real-World Applications: The taxonomy illustrates the
diverse applications of immersive holographic video
streaming, extending beyond entertainment to education,
healthcare, architecture, and communication. It showcases
the versatility and potential impact of this technology in
various domains.

e User-Centric Approach: User interaction and experience
are central to immersive holographic video streaming. The
taxonomy emphasizes the importance of user interfaces,
content interaction, and user comfort, guiding developers
to create user-centric holographic experiences.

e Ethical and Legal Considerations: The inclusion of ethical
and legal considerations is crucial, as immersive
holographic video streaming raises novel challenges
related to privacy, authenticity, inclusivity, and data
security. Addressing these concerns is vital to fostering
responsible and ethical use of the technology.

e Industry and Market Relevance: As immersive
holographic video streaming gains traction in industries
like entertainment, education, and healthcare, the
taxonomy provides a framework for industry players to
navigate the landscape, identify opportunities, and meet
market demands.

The Immersive Holographic Video Streaming Taxonomy
serves as a powerful tool to navigate the complexities of this
emerging technology. It enables a deeper understanding of its
components, challenges, and applications, guiding
stakeholders in making informed decisions, fostering
innovation, and ensuring responsible and user-centric
development of immersive holographic experiences. As the
technology continues to evolve, the taxonomy will remain a
valuable resource for researchers, developers, and decision-
makers in exploring and advancing the possibilities of
immersive holographic video streaming.

VI. CONCLUSION

In conclusion, the Immersive Holographic Video
Streaming Taxonomy presents a comprehensive and detailed
framework for understanding and exploring the multifaceted
world of immersive holographic video streaming. Through its
systematic categorization of immersive technology types,
holographic projection methods, capture and encoding
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techniques, streaming technology, interactivity and
collaboration models, content interaction options, end-user
devices, quality and realism levels, application domains,
development platforms and tools, as well as ethical and legal
considerations, the taxonomy provides a holistic view of this
revolutionary technology. The taxonomy's significance lies in
its ability to guide researchers, developers, and stakeholders in
comprehending the complexities and challenges inherent in
immersive holographic video streaming. By identifying
research areas, ethical concerns, and application domains, it
paves the way for future innovation and responsible
development. Moreover, the taxonomy underscores the
interdisciplinary nature of the field, encouraging collaboration
among diverse disciplines to further enhance holographic
experiences. As immersive holographic video streaming
continues to shape industries and domains such as
entertainment, education, healthcare, communication, and
beyond, this taxonomy serves as a valuable resource for
exploring new possibilities and ensuring user-centric,
accessible, and ethically sound holographic experiences. In a
rapidly evolving technological landscape, the Immersive
Holographic Video Streaming Taxonomy stands as a
foundational reference, supporting advancements and
addressing challenges in this exciting and transformative
realm. Its comprehensive nature and systematic organization
make it an indispensable tool for harnessing the full potential
of immersive holographic video streaming, pushing the
boundaries of user experiences, and shaping the future of
interactive content delivery.
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