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Abstract With the rapid advancement of virtual, augmented, and mixed reality technologies,
volumetric video with six degrees of freedom (6-DoF) interaction has become a key enabler for

realistic and immersive experiences. By reconstructing the geometry and appearance of real
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scenes, volumetric video allows users to freely move and change viewpoints in three-dimensional
space, finding broad applications in communication, entertainment, education, and industrial
simulation. However, its data scale—often tens to hundreds of times that of 2D video—poses
severe challenges for storage, transmission, and real-time rendering, driving intensive research
on efficient compression and coding. This paper presents a comprehensive survey of volumetric
video coding from the perspective of processing speed and latency constraints, classifying existing
approaches into three categories: offline and near real-time, real-time for interactive on-demand
streaming, and real-time for low-latency live streaming. We summarize conventional methods
based on explicit geometric representations such as point clouds, voxels, and meshes, and
highlight recent advances in implicit neural representations, including Neural Radiance Fields
(NeRF) and 3D Gaussian Splatting. In addition, we review system-level optimization strategies

for various applications and analyze the key characteristics, applicable scenarios, and challenges of
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current techniques. Finally,

communication are discussed.
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challenges.

Volumetric video compression lies at the intersection of
computer graphics, computer vision, and multimedia communication.
Internationally, research has evolved from standardized geometric
approaches—such as MPEG’s Video-based Point Cloud
Compression (V-PCC) and Geometry—based Point Cloud
Compression (G-PCC) —to data—driven neural representations
like Neural Radiance Fields (NeRF) and 3D Gaussian Splatting.
While traditional methods excel in offline scenarios (e. g. , movie
production), they struggle with dynamic content and real-time
constraints. Neural representations, though promising for fidelity
and adaptability, face hurdles in computational efficiency and
standardization. Our research group has previously contributed to

this field through efficient point cloud compression algorithms and

latency—aware neural coding frameworks, laying the groundwork
for this comprehensive analysis.

This survey advances the NSFC project’s overarching goal
of “intelligent multimedia communication for immersive systems”
by focusing on the coding efficiency and real-time adaptability
sub—objectives. We categorize techniques into offline (e. g.,
MPEG standards, NeRF compression) and real-time paradigms
(e. g., sensor fusion, edge-assisted decoding), critically evaluating
their trade—offs in rate—distortion—accuracy (RDA) performance.
By synthesizing optimization strategies (e. g. , hybrid geometric—
neural pipelines) and identifying open challenges (e. g., cross—
modal synchronization), this work not only consolidates
fragmented knowledge but also informs future standards. such as
MPEG Immersive Video (MIV).



