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Abstract

We propose an interactive and intelligent hybrid teleconferenc-
ing system compatible with Virtual Reality devices. Our system
understands meeting contexts and leverages user interactions to en-
able better system configurations. By employing interactive scene
graphs [11], our system extracts and transmits essential meeting
context to users while relaying user interactions back to the stream-
ing systems for user-involved adaptive streaming and foveated
rendering. We demonstrate the system’s real-time performance and
compatibility with commercial VR devices such as the Meta Quest
3.
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1 Introduction and System Features

The development of teleconferencing systems has served a critical
role in enhancing social connections. Today, these systems are on
the verge of a revolutionary transformation with recent advances
in Virtual Reality (VR) technology, including more affordable Head
Mounted Devices (HMDs) for immersiveness and better controllers
for interactivity. VR products can reshape the teleconferencing
landscape, moving beyond the traditional experience of navigating
a 2D grid of faces during a meeting.

How can VR benefit teleconferencing? Many studies [3-5, 7] devel-
oped volumetric video streaming systems, believing that better 3D
experiences enable a sense of immersion. However, these systems
are often static and lack interactivity, for which teleconferencing is
designed. Some studies [2, 6, 8-10, 12] built systems that passively
adapt to user viewing patterns or behavior based on predictions.
However, such predictions can be inaccurate, and users cannot ac-
tively customize the system to their preferences. Additionally, user
interaction spaces cannot be unlimited, as this is not supported by
areal system. A constrained interaction space is desired, and this
space should be updated in real-time during the meeting.

To solve the above mentioned challenges, we built our teleconfer-
encing system with interactivity insights from the VR community:
Meta proposed SceneScript [1] that combines contextualized Al
with an HMD to provide seamless access to real-time contextual
information and assist with real-world interactions. In this paper,
our teleconferencing system integrates contextual information via
HMDs and allows for constrained user interactions via VR con-
trollers. The system includes three key components: (a) contextual
vision understanding of meetings, (b) constrained interactions be-
tween any remote meeting participant and meeting contexts via
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Figure 1: Model Architecture. Contextual Al, System Components, User Interface.

VR devices and (c) a tile-based video compression and streaming
pipeline. An interactive scene graph [11] is used to build contextual
understandings from a room camera stream in the meeting room.
The model extracts important meeting contextual information, in-
cluding objects, segmentation masks, and object relationships. The
scene graph representation is stored in the JSON format and trans-
mitted to the remote meeting participant. With the streamed scene
graph, the remote participant can see the list of objects and interact
with the interface to identify objects of interest. When the user
interaction information is received, a tile-based adaptive streaming
system uses this information to determine the importance of each
tile. Unimportant scene objects will be blurred. Since each title
is separately compressed and transmitted with different bitrates,
unimportant tiles can be drastically compressed, reducing latency
and saving bandwidth for a better system configuration.

Our contributions can be summarized as follows:

Design Novelty. Our teleconferencing system is the first to incor-
porate the concept of scene graph (contextual Al algorithms), inter-
action feedback (user) and tile-based adaptive streaming (system)
and form a positive feedback loop between them. The system funda-
mentally differs from other passively adaptive streaming methods
based on predictions of user’s viewing patterns or salient regions.
System Implementation. The teleconferencing system we built
is fully compatible with the commercial PC VR. It is also optimized
for real-time streaming and user interactions.

2 System Overview

In this demo, we show our scene graph driven hybrid interactive
VR teleconferencing between a camera, a media server, a user client
and a Meta Quest 3, as shown in Figure 1. In our hybrid setup, an in-
person conference is happening in a physical meeting room, while a
remote participant is joining from VR. The video of the conference
is being streamed from the meeting room to the remote participant’s
headset in real time. The remote participant can interact with the
stream using VR controllers.

Our streaming setup consists of client and server parts. The
server is responsible for capturing the video, dividing the frame
into tiles, compressing each tile into different qualities, and sending
them via TCP. It also produces a scene graph and segmentation
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masks of important objects [11] in real-time and serves the JSON file
on a Flask server. The client, taking the compressed video streams,
reassembles them into a full video and exposes it as a virtual camera
stream. A Unity application then displays the camera stream to
the remote participant. The application also captures how the user
interacts with the meeting context, and relays it to the server. Upon
receiving these interactions, the server blurs out certain areas and
adjusts the compression aggressiveness of each tile based on the
user’s interactions, ensuring high quality for regions of interest
and lower quality for less important areas, thereby optimizing the
streaming efficiency.

Unity User Interface As shown in Figure 1: The video stream is
displayed in front of the user, while a list of scene objects, shown
as buttons, appears on the right and is updated with contextual
information. Using the VR controller, the participant can click on
a button to access options to Block, Clear, or Foveate the objects.
"Foveate" blurs out everything except the selected object, "Clear”
shows the objects, and "Block" blurs out the objects.

System Performance. We report the latency and bandwidth for
the main components of our teleconferencing system. When a user
foveates on a person in the meeting, the bandwidth of tile-based
frames decreases from 67295 bytes per frame to 51444 bytes per
frame on average, resulting in a 16.1% bandwidth savings. Addition-
ally, the average end-to-end latency of the user interaction feedback
loop is 367 milliseconds, while the average end-to-end latency for
tile-based video streaming and compression is 295 milliseconds.
The contextual Al running on an Nvidia RTX 4090, achieves 3.4
FPS for scene graph generation and 31.3 FPS for real-time efficient
segmentation. Overall, the system operates in real time and meets
the requirements of teleconferencing.

3 Conclusion

In our work, we introduced a scene graph-driven hybrid telecon-
ferencing system designed for better interactivity and system effi-
ciency. Our system features vision-based contextual understanding,
constrained user interactions, and a tile-based compression and
streaming pipeline. The system creates a positive feedback loop
between the three components, paving the way for future diverse
research aimed at enhancing the interactivity of teleconferencing.
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