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Abstract—In this paper, we propose and implement a
WebRTC-based transmission system that can selectively utilize
3D object delivery and video streaming. The proposed method
implemented based on the web has the advantage of being able
to be serviced by various devices with browsers regardless of
hardware performance. To evaluate the performance of the video
stream latency for real-time 3D service, user interaction response
time is measured through experiments. As a result, it is shown
that the proposed method can provide real-time service.

Index Terms—metaverse, 3D streaming, immersive, hybrid
transmission

I. INTRODUCTION

In recent years, many studies on 3D object rendering and
transmission have been conducted due to the expansion of
metaverse services [1-4]. A 3D object has variable complexity
depending on its components and generally has a larger size
than rendered 2D images. Since the rendering of complex 3D
objects requires high-end hardware, real-time visualization is
not possible on low-performance devices. To solve this prob-
lem, a 2D video streaming-based 3D visualization system has
been proposed [3] [4]. Since these systems render 3D objects
and transmit rendered images on the server, interaction latency
inevitably exists. To reduce interaction latency, a method
of streaming 3D content to a Dynamic Adaptive Streaming
over HTTP (DASH) service is proposed [3]. DASH is an
adaptive bitrate streaming technology that enables high-quality
streaming of media content over the internet provided by
conventional HTTP web servers [5]. In DASH, latency occurs
according to the chunk size since the content is fragmented
into and transmitted chunks. Although low-latency DASH has
been proposed to reduce the latency, it has a minimum delay
of 200 ms or more [6] [7].

In [4], a Real-Time Streaming Protocol (RTSP) based
3D visualization system has been proposed. This system is
reduced latency by approximately 140 ms by streaming GPU-
based zero-latency encoded images rendered on the server via
the RTSP. However, this method requires dedicated software
because it consists of separate protocols for video streaming
and interaction message processing.

This research was supported by Institute of Information Communica-
tions Technology Planning Evaluation (IITP) grant funded by the Korea
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CAD)
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In this paper, we propose and implement a web Real-Time
Communication (WebRTC) based hybrid transmission system
that can selectively utilize 3D object transmission and video
streaming for 3D visualization. The proposed method enables
low-latency 3D content service in the web browser regardless
of the device’s performance.

II. WEB REAL-TIME COMMUNICATION

Web Real-Time Communication (WebRTC) is an open-
source and free project that aims to embed real-time
voice, data, video, and instant messaging capabilities through
Javascript APIs within Web browsers [8]. Peer-to-peer (P2P)
connection to reduce transmission latency is made through
Signaling, Interactive Connectivity Establishment (ICE), Ses-
sion Traversal Utilities for NAT (STUN), and Traversal Using
Relays around NAT (TURN) servers. When using Network
Address Translation (NAT), the P2P connection is established
after finding the user address through the STUN and TURN
servers and exchanging user information using the ICE servers.
Data is streamed using Secure Real-Time Transport Protocol
(SRTP) and Stream Control Transmission Protocol (SCTP)
when the P2P connection is established. Fig. 1 and Fig. 2
show the P2P connection structure and network protocol stack
of WebRTC, respectively.

Signaling server

STUN/TURN server

Media/Data Channel

Fig. 1. Structure of P2P connection

III. WEBRTC-BASED HYBRID TRANSMISSION SYSTEM

In traditional 3D services mainly used in the game, the
user device downloads and render all 3D objects. The object
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Fig. 2. Structure of P2P connection

download method causes an initial download delay, but there
is no latency for interaction. However, high-quality 3D objects
similar to the real world have the disadvantage of taking a long
time to download and requiring high-performance hardware
for rendering. The streaming-based method, which has a low
initial delay, has a latency for user interaction, making it
difficult to provide real-time services. In this section, we
propose and implement a WebRTC-based hybrid transmission
system based that can overcome the disadvantages of each
method.

In the case of the object downloading method, the user
device downloads, renders, and controls the 3D objects files
using REST APL In the case of the streaming method, the
device receives object control information via the data channel
and rendered image streams via the media channel. A user ID
is assigned to one channel to ensure a 1:1 connection between
the streaming server and the user. To reduce graphic processing
delay due to multi-object rendering by multi-user requests,
Web Worker-based Offscreen Canvas (virtual canvas) [9] [10]
is applied to increase rendering speed by directly generating
stream data without drawing on the screen. The virtual canvas
was set to the same size as the resolution of the user device to
optimize the use of resources on the server side. Fig. 3 shows
the proposed system structure, and the main functions are as
follows.

3D Visualization Hybrid Server <Multi Client>

/S(t:ream (it;:erator Routing Manager / Client
onnect Manager Channel Manager 1:n 1
_
* Routing
Ul Control (request / response) .
* Notify message Client
Connect I * Channel CRUD 2
Virtual canvas * Object File
Object renderer

Resolution, control type, object name, .
Client

n

Control proxy

1:1 connection
Stream generator
Stream

Connect control

Object manager
Object CRUD

Fig. 3. Structure of the proposed system

e Routing Manager - When the user accesses the service

page, the contents server delivers the path of Channel
Manager and 3D service list, and registers the user.

o Channel Manager - Create or delete a new channel for
Connect Manager when the user logs in or out of the web
service. The Channel Manager performs as the signaling
server that exchanges the user’s location on the network
with Connect Manager for the P2P connection. It also
manages the object name, user address, Connect Manager
address, channel name, and service type (downloading or
streaming).

o Connect manager - Performs P2P connection with the
user using the unique socket address allocated from the
Channel Manager.

o Stream Generator - Renders 3D objects, encodes ren-
dered images, and creates media streams using virtual
canvas, as shown in Fig. 4. The created media stream
is streamed to the user through the Connect Manager.
The proposed hybrid transmission server can provide 3D
streams to multiple users simultaneously by creating a
Stream Generator for each user.

User control

An user channel :
Send serialized data

control event
\
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User Video L .
i
Streaming Control Proxy
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Generator

Object-._
render "~
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Fig. 4. The process of the stream generator

The process of a user requesting and receiving 3D content
services through the hybrid server is shown in Fig. 5 and is
as follows.

o When a client accesses the service page, the user receives
the URL and 3D object content list from the Connect
Manager after being authenticated by the Routing Man-
ager. Channel Manager allocates a channel for Connect
Manager for peer connections with users and registers the
user ID as the channel name for channel management.

o When the user obtains the network location of the Con-
nect Manager through the Channel Manager and con-
nects to the Connect Manager, streams and data channels
are created.

o In the case of the 3D object downloading service, the user
ID and requested contents are delivered to the Channel
Manager, and Channel Manager transmits 3D object files
to the user through Routing Manager. After downloading
the 3D object, rendering and controlling can be operated
on the user’s devices.

o In the case of the streaming service, user ID, object
name, device resolution, etc. are delivered to the Chan-
nel Manager. The Channel Manager updates the user’s

725



Route Channel Stream Connect

Client Manger
. User auth. Create channel
Lozl Object list Add
ject user
& Channel manage URI ]
Offer SDP. Offer SDP
Answer SDP Answer SDP
R e et et

Ice candidate(client) Ice candidate(generator)

Ice candidate(generator) Ice candidate(client)

Select Case 1. Select Object File |

Object

Update user
notify object name, user ID P

E Object
| Render 3D Object File

i
i

L i
i

object name I

)

Select Case 2. Select Object Stream \;
stream

[
) Update user
) notify object name, device info, user ID ki

1 object name,

I resolution

|

] object open

' & create a virtua
) canvas

) Render obj

1

I

I

|

I

I

'

'

1

&encoding first
stream

control proxy
m &Encoding

streal
(apply control)

Stream

Control data

End Channel

]Delete user, channel

Logout page
£out pag Disconnect Channel

Logout

Leave

Clear channel channel

Fig. 5. The process of the stream generator

request information and passes the object information to
the Stream Generator.

e The Stream Generator streams rendered images of 3D
objects to the user at the requested resolution. User-
controlled events are passed to the Stream Generator
via the data channel in the Connect Manager. Stream
Generator transforms 3D objects depending on the con-
trol information, renders transformed objects, and streams
rendered images. This process is repeated while the user
controls the contents.

o When the user exits the service or leaves the page,
the Channel Manager removes the user from the list
and terminates the P2P connection. The user channel
is deleted and the user is logged out by the Routing
Manager when the Connect Manager leaves the user
channel.

IV. EXPERMENTAL RESULTS

The proposed system is implemented by nodelS, Javascript,
three.js, and Electron, and the STUN server has used a server
provided by Google. The user devices used for verification are
a PC, a tablet, and a mobile device with Chrome browsers. Fig.
6 shows the result of the implemented system. In the figure,
the left and right represent the monitoring screen of the server
including the stream generator and user devices, respectively.
As shown in the figure, it can be known that the service is
available on various devices.

To evaluate latency performance, we performed measure-
ment experiments on motion-to-photon (MTP) latency [4].

MTP latency was measured 50 times for the experiment and
Table I shows the result of the comparison for the previous and
the proposed method. Although the proposed method based on
WebRTC has a latency of approximately 20 ms compared to
the standalone method of [4], it was confirmed that there is
no problem with real-time visualization.

Fig. 6. The process of the stream generator

TABLE I
RESULTS OF LATENCY PERFORMANCE
Standalone Proposed
Resolution FHD FHD
Frame rate 30 30
Codec HEVC H264
Latency 140.54 ms | 160.37 ms

V. CONCLUSION

In this paper, we proposed and implemented a WebRTC-
based hybrid streaming system. By applying the web-based
technology, it was confirmed that the service is available on
various devices with browsers. Moreover, it was possible to
provide a low-latency service even when streaming 3D objects
by creating a user-only channel with WebRTC.
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