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Introduction

Holographic telepresence is recently
revolutionizing remote interaction by
streaming lifelike 3D representations of
people in motion, going far beyond
traditional video calls. This immersive
technology has wide-ranging potential
across collaboration, education, and
virtual training, but delivering high-quality,
real-time 3D content remains challenging
due to bandwidth and device limitations.

In this work, we Introduce HOPE:
Holographic Optimized Processing
Engine, a context-aware system
designed to enable efficient, scalable
holographic communication. HOPE uses
gesture recognition & semantic-aware
filtering to prioritize key details, improving
interactivity and realism. Smart mesh
compression and adaptive tuning allow
responsive performance.

This poster presents the design,
components, and early results of
HOPE, aimed at advancing real-time,
bandwidth-efficient 3D telepresence.

HOPE Methodology
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HOPE System Architecture

The HOPE  pipeline follows a
producer-consumer model for real-time
holographic streaming (Fig. 1). It begins
with 3D capture of a subject using a
depth camera setup.

Captured data is transformed into point
cloud-based volumetric video and
undergoes key preprocessing steps to
reduce bandwidth while maintaining
fidelity, including:

e Segmentation & tracking
e Background removal
e 3D point cloud compression

A core innovation in HOPE is its
context-aware processing. instead of
treating all data equally, it selectively
prioritizes important visual regions (see
Fig. 1 second column) while discarding
redundant or low-value information.

The resulting data stream is efficiently
encoded, transmitted In real time,
decoded and visualized on the client's XR
device.

Conclusion & Future Work

HOPE represents a step toward realizing
the vision of the "holographic internet",
where real-time 3D communication
becomes a natural part of digital
interaction.

Future directions include:

e Multi-camera capture for more
accurate 3D reconstruction.

e Optimizing client-side rendering to
reduce latency [4].

e Broadening VR platform support.

These developments aim to position
HOPE as a robust, next-generation
solution for Interactive holographic
communication.
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Depth Capture. An Intel RealSense D435i depth camera is positioned frontally of the user. The depth stream generates a spatial colorized
3D point cloud. The system may also support multi-camera fusion for higher accuracy.

Preprocessing: To handle high data volumes, HOPE employs a multi-step preprocessing pipeline:

Semantic segmentation splits the point cloud into regions based on neural image analysis [1,2].
Refinement via gesture recognition, allowing users to highlight important areas or points of interest.
Distance-based filtering removes background points [3].

Point downsampling may also be used to ensures efficiency under network constraints.
Segmented regions are assigned to predefined presets and prioritized for streaming.

Compression. Each segmented region is compressed using advanced techniques (e.g., Draco, MeshOpt) with different quality profiles.

Communication. Real-time mesh data is streamed via WebSockets in a one-way channel. Future updates will enable client feedback to
dynamically adjust stream quality based on available bandwidth.

VR Rendering. On the consumer side, 3D data is decoded, reconstructed & rendered in a virtual environment using WebXR and Three.|s.
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Fig. 1: Overview of the HOPE pipeline.
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