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Stage 1: QUEEN Gaussian Reconstruction and Compression
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Figure 1: Overview of Play4D system architecture. Play4D powers two interactive demos: Play4D-VR, which streams compressed
4DGS to a VR headset for photorealistic 6-DoF exploration, and Play4D-LF, which renders 45+ views on LF displays for multi-user
free-viewpoint playback. Stage 1 (top): The QUEEN algorithm compresses 4DGS sequences by modeling per-frame residuals,
freezing static Gaussians and streaming dynamic updates for fast reconstruction and high compression. Stage 2 (bottom): G2LF
performs LF rendering with single-pass plane sweeping and swizzle blending, synthesizing quilt images at 200+ FPS to enable

smooth interactive playback.

ABSTRACT

We present Play4D, an accelerated and interactive free-viewpoint
video (FVV) streaming pipeline for next-generation light field (LF)
and virtual reality (VR) displays. Play4D integrates 4D Gaussian
Splatting (4DGS) reconstruction, compression and streaming with
an efficient radiance field rendering algorithm to enable live 6-DoF
user interaction with photorealistic dynamic scenes. Our demo
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showcases two complementary experiences: Play4D-LF, a walk-up
station offering interactive multi-view playback on a LF display; and
Play4D-VR, a headset-based experience that enables full volumetric
navigation through 4DGS content.
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1 INTRODUCTION

Free-viewpoint video (FVV) provides an immersive 4D viewing
experience, enabling users to explore reconstructed 4D (3D + time)
scenes with six degrees of freedom (6-DoF: translation + rotation)
[Broxton et al. 2019; Collet et al. 2015; Kanade et al. 1997; Orts-
Escolano et al. 2016; Overbeck et al. 2018; Taguchi et al. 2009; Wu
et al. 2024]. Recent advances in neural scene representations, es-
pecially 3D Gaussian splatting (3DGS) [Kerbl et al. 2023], enable
high-fidelity dynamic scene reconstruction from sparse multi-view
inputs while significantly improving real-time rendering perfor-
mance, making it well-suited for immersive content. Rendering
these reconstructions on VR or light field (LF) displays lets users
naturally observe scenes from multiple viewpoints with binocular
disparity and motion parallax. LF displays further support multi-
user 4D playback without wearable devices. This capability enables
novel applications in sports, entertainment, telepresence, industrial
monitoring, and robotic teleoperation.

However, creating interactive FVV using 4DGS for VR and LF
displays introduces several challenges in reconstruction, transmis-
sion, and rendering. First, reconstructing and transmitting 4DGS for
each frame independently leads to high latency and bandwidth con-
sumption, ignoring temporal redundancy in dynamic scenes [Luiten
et al. 2024]. Second, rendering 3DGS frames to LF displays requires
generating 45 or more precisely angled views, causing further com-
putational inefficiency [Kim et al. 2025]. Recent approaches improve
LF multi-view rendering [Chen et al. 2022; Ji et al. 2025; Yang et al.
2024], but none achieve real-time performance or support 3DGS.

To address these challenges, we present Play4D, an accelerated
and interactive end-to-end 4D reconstruction and playback pipeline.
Play4D integrates two of our recent innovations: QUEEN [Girish
et al. 2024], a streamable framework for compressing and trans-
mitting FVVs, and G2LF [Kim et al. 2025], a real-time LF renderer
optimized for 3DGS. Together, these methods enable low-latency
streaming and real-time 6-DoF interaction with FVVs/4D videos,
allowing users to freely change viewpoint, focus, and field-of-view
during playback (Fig. 1). Our demo showcases a complete immer-
sive pipeline from 4D reconstruction to compression, streaming,
and real-time rendering for VR and LF displays.

QUEEN reconstructs compressed, streamable 4DGS from multi-
view video. For the first frame, QUEEN takes input images from
a multi-view capture setup (Fig. 1a) and reconstructs a traditional
3DGS reconstruction [Kerbl et al. 2023]. For subsequent frames,
QUEEN computes residual differences in Gaussian attributes (po-
sition, scale, color, opacity) relative to the previous frame. This
residual modeling achieves high compression and accelerates re-
construction. QUEEN reduces spatio-temporal redundancy by using
a learned gating mechanism (Fig. 1b), which sparsifies static Gauss-
ian attributes (green), and quantizing dynamic Gaussian attributes
(orange) into compressed codes.

QUEEN performs Gaussian reconstruction on the server and
serializes per-frame residuals as lightweight, time-ordered packets
for low-latency streaming to many clients (Fig. 1c). On the client
side, the QUEEN decoder incrementally reconstructs the 4D scene
frame-by-frame, in real time, from the compressed packets (Fig. 1d).
Compared to naive per-frame reconstruction (25 MB, 5 min/frame),
QUEEN significantly compresses residuals (0.7 MB in 8 sec/frame),
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measured on a single NVIDIA RTX 3090 GPU [Girish et al. 2024].
Our demo setup uses an RTX 5090, which achieves higher rendering
performance. After training, QUEEN renders frames at 300+ FPS,
enabling practical, real-time FVV streaming.

While QUEEN enables efficient streaming, conventional 2D dis-
plays cannot deliver immersive 4D experiences. To address this, we
introduce G2LF, a real-time LF renderer for 3DGS scenes, optimized
for multi-view interactive playback on OpenGL-based systems.
G2LF achieves real-time performance on LF displays using a single-
pass plane-sweeping algorithm combined with swizzle blending.
Instead of rendering each of the 45+ quilt views independently, the
system approximates the visible 3D volume using a sequence of
forward-sweeping planes. In our GL-based implementation, Gaus-
sians are sorted by depth once per frame and divided into fixed-size
chunks, minimizing CPU-GPU synchronization overhead while
maintaining efficient memory usage.

Each chunk is rasterized into intermediate color and transmit-
tance buffers, which are reused across multiple neighboring views
via swizzle blending. By caching Gaussian attributes on the GPU and
reusing shading results, G2LF reconstructs all quilt views without
redundant sampling, significantly reducing computation (Fig. 1g).
Additionally, we incorporate an adaptive anti-aliasing filter that
adjusts Gaussian footprint sizes per plane, preserving rendering
fidelity across different quilt resolutions and viewing angles.

On a single RTX 5090 GPU, the GL-based renderer achieves 200+
FPS for a 45-view, 512x910 quilt, enabling interactive, low-latency 6-
DoF playback on LF displays while maintaining both temporal and
angular consistency. This makes G2LF a core enabler of Play4D-LF
(Fig. 1i), supporting smooth photorealistic visualization on com-
mercial LF displays. Additional details are in [Kim et al. 2025].

2 DEMO

Our demo consists of two experiences: Play4D-LF and Play4D-VR.
In both demos, participants explore photorealistic volumetric videos
decoded in real-time from compressed QUEEN reconstructions.
The Play4D-LF station (Fig. 1i) offers a walk-up experience with
interactive 6-DoF FVV on a 16” LF display, accompanied by a 65”
LF display showing an explanatory 3D slide deck. Visitors can
intuitively explore content with correct binocular disparity and
motion parallax, without wearing headsets. The Play4D-VR station
(Fig. 1e) provides a fully immersive experience using a VR headset.

3 CONCLUSION

We introduce Play4D, an accelerated and interactive pipeline for
streaming FVV to VR and LF displays. Play4D-LF offers attendees a
glasses-free 4D experience, enabling them to explore 4DGS content
in real-time using a LF display. Play4D-VR provides a fully immer-
sive 6-DoF experience, allowing users to freely navigate dynamic
volumetric scenes with a standalone headset. This unique experi-
ence can only be fully appreciated through hands-on interaction
with the demo. Play4D sets a new standard in capturing, preserving,
and reconstructing real-world 4D events, opening unprecedented
possibilities in telepresence and interactive communication. We
believe Play4D is a significant step towards the vision of a "4D
streaming services,' ultimately enabling the dream of broadcasting
live immersive 4D events to millions of users.
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