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Abstract

Most everyday meetings today involve presenters connecting their computers to a shared TV or projector via
HDMI during their turn. This requires the hassle of switching HDMI connections every time a presenter
changes, and it also limits the ability to view multiple presenters' screens simultaneously. This paper proposes
and implements a Multiplexer System that allows presenters to easily share displays. This system is a form of
display sharing that connects the presenters' screens to a general-purpose multiplexer computer that is directly
connected to a large display and is connected in real time. We used WebRTC to handle real-time transmission
of screen images, and leveraged the hardware video decoder built into the multiplexer computer for fast
decoding of encoded streams. To evaluate the performance of the Multiplexer System, we measured the screen
latency required for the screen image of the presenter's computer to be displayed on the multiplexer's display.
The result was evaluated to be around 221-362 ms when the number of simultaneous presenters is two, which
is considered to be a level that does not cause any inconvenience to the presenters. We conclude that the
Multiplexer System proposed in this paper is a system that conveniently supports everyday meetings without
the use of special hardware or additional costs.
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1. INTRODUCTION

A typical meeting today involves presenters bringing their presentation materials to a laptop and connecting
it to a large shared display, such as a large TV or projector, when it is their turn [1]. These simple meetings
have the hassle of having to swap the HDMI cable from the laptop to the display every time a presenter changes,
and the problem of not being able to see other presenters’ materials together. Building a specialized meeting
room with various functions would eliminate these problems, but the high cost of space and construction makes
it a difficult problem for many organizations [2,3].
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This paper presents and implements a method to facilitate everyday meetings where multiple presenters
share a display with their own laptops containing their presentation materials. The system proposed in this
paper is outlined in Figure 1. A computer, called a multiplexer, is dedicated to outputting images to the meeting
display. It receives the computer screen images of presenters in real time and outputs them to the display.
When the current presenter concludes his or her presentation, the multiplexer immediately outputs the next
presenter's screen to the display without switching HDMI connections.
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Figure 1. Overview of Multiplexer System

This research is not entirely new. To assess the feasibility of this idea in a previous study, our research team
built a simple model that connects a presenter computer and a multiplexer computer in 1:1 and experimentally
evaluated the specifications suitable for the multiplexer [4]. Previous research has concluded that computers
commonly used today are suitable for use as multiplexers. This study, building on these findings, expands
upon a system that simultaneously displays the screens of multiple presenters on a multiplexer display. A
complete system with solutions for real-time transmission and rapid decoding of screen images has been
designed and implemented.

This study proposes the following specific ideas for designing and implementing a multiplexer system. First,
a wireless hotspot is set up on the multiplexer computer, allowing presenter computers to connect wirelessly
to it. This system has the advantage of eliminating the need for separate wired infrastructure and easing
constraints on meeting location. Because all presenter computers wirelessly connected to the multiplexer form
a single wireless network, communication between the multiplexer and presenters is fast. It is also convenient
because the IP of the multiplexer computer is fixed. Second, the shared display's screen can be split to display
the screen images of up to four presenters simultaneously. Third, to eliminate device limitations of the
multiplexer, the software for the multiplexer is implemented in a platform-independent manner. Fourth,
WebRTC real-time streaming technology is utilized to shorten the time interval between the screen image
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output from the presenter's laptop and the display on the multiplexer. WebRTC achieves fast real-time
communication because it communicates in a peer-to-peer manner [5,6,7]. Fifth, the hardware decoder built
into the multiplexer computer is utilized to quickly decode the stream of screen images received from the
multiplexer [8]. Most general-purpose computers in use today have built-in hardware decoders. If a hardware
decoder is not available, a software codec is automatically used.

To evaluate the performance of the implemented multiplexer system, this paper built two test systems and
conducted experiments. The performance evaluation results showed that for two presenters, the average time
it took for their screens to be displayed on the multiplexer display was around 221-362 ms. While not a short
time, it is considered acceptable for simple meetings without the need for additional hardware or construction
costs.

2. RELATED WORKS

Many researches have been conducted on effective meetings. Most research has focused on building large-
scale meeting systems, such as installing dedicated conference tables and cameras in separate meeting rooms
and using electronic whiteboards [1,2,3]. Microsoft, for example, developed the Distributed Meeting (DM)
conferencing system [1]. DM is a complete conferencing system equipped with a 360-degree camera,
whiteboard, meeting room server, and kiosk, enabling meeting scheduling, recording, broadcasting, and remote
participation. However, this system is not feasible for most companies, schools, or research institutes due to
the lack of dedicated space and cost.

Ramesh et al. also developed a remote conferencing system called eChronicle [2]. This system focuses on
utilizing the various recordings generated during meetings, including text, audio, video, and other materials.
However, this system is also expensive and its purpose is somewhat different from facilitating simple, everyday
meetings.

Dedicated video conferencing platforms such as Zoom, Microsoft Teams, and Google Meet have recently
become increasingly popular [9]. Video conferencing platforms primarily aim to facilitate remote meetings
using cameras, eliminating the challenges of face-to-face meetings. They offer useful features, such as the
ability to utilize various audio/video devices like cameras and microphones and the ability to save meeting
records, making meetings much more seamless, even when geographically separated. However, most meetings
we experience in our daily lives are face-to-face, with participants bringing presentation materials to their
laptops and gathering in a location with a relatively large display, such as a large TV or beam projector,
portable or not. Furthermore, meetings are conducted without any special arrangements. Video conferencing
platforms differ from the smoothness and purpose of everyday meetings, which this study focused on.
Furthermore, they have limitations in multi-person screen sharing, slow screen sharing, and poor resolution.

Recently, as a preliminary study for the development of the Multiplexer System targeted in this study, we
conducted an experiment to determine the performance specifications of a multiplexer computer capable of
receiving screen images from a user's computer in real time and displaying them on a display [4]. In this
experiment, the presenter computer and the multiplexer computer were connected 1:1. And experiments were
conducted on three types of NVIDIA embedded computers and three laptops with different operating systems,
as the multiplexer computer. The video codec used was VP8 [10]. Experimental results showed that a system
with at least 8 MB of memory and processing performance comparable to an Intel Core i7 was required. While
this research is crude and lacks detail, it demonstrates that a multiplexer system can be sufficiently
implemented on today's general-purpose desktop computers. Based on the results and experience of this
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preliminary research, we designed and implemented a practical screen sharing meeting system in this study.

3. MULTIPLEXER SYSTEM

This section details the design and implementation of the Multiplexer System proposed in this paper.

3.1 Overview of Multiplexer System

The overall architecture of the Multiplexer System, including software, is shown in Figure 2. A wireless
hotspot is turned on on the multiplexer computer, and presenter computers connect wirelessly to this hotspot,
forming a single wireless network between the multiplexer and the presenters' computers. Alternatively, a
wireless hotspot from someone's smartphone can be used. This eliminates the need for the presenter to know
the multiplexer's IP address and allows direct communication between the presenter's computer and the
multiplexer, thereby increasing communication speed.
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Figure 2. Multiplexer System Architecture

We built a web service based on the Flask framework [11] on the multiplexer to allow presenters to easily
access the multiplexer via their web browser. Presenters access the multiplexer via the URL for them in a web
browser, enter their name on the web page, and click the "Start" button. A WebRTC client written in JavaScript
on the web page connects to the webrtcbin plugin and transmits screen images. The WebRTC protocol was
used to transmit screen images between the presenter and the multiplexer.

To implement a pipeline that outputs screen images received from presenters to the display, we used the
GStreamer framework [12]. An independent GStreamer pipeline is created for each presenter. This approach
facilitates stream control for each presenter. For example, it's easy to switch presenters, simply remove the
pipeline when the presentation is over, pause the pipeline to stop the presentation, and activate it to resume it.
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We utilized the PyQT library to output screen images to the display.

We categorize meeting participants into non-presenters, presenters, and a manager. A manager, who host
the meeting, manage presentations, including screen layout and the start and end of presentations for single or
multiple presenters. The status of the presenter is divided into connection status and presentation status.
Connection status means that the presenter is connected to the multiplexer and the corresponding pipeline is
created, but no display output is going. When the manager places the presenter in the presentation status, the
presenter's screen image begins to be displayed in real time on the multiplexer's display.

One of the presenters can become a manager. When the manager accesses the multiplexer using a URL for
the manager in a web browser, he or she receives a manager web page. The web page receives a message from
the multiplexer each time a presenter connects to the multiplexer, displaying a list of connected presenters to
the manager.

The manager sends Pipeline Manager the layout information indicating where on the display some of the
connected presenters that appear on his web page should be displayed, and Pipeline Manager activates the
corresponding pipeline to display them on the display. We used the MQTT protocol to exchange these control
messages [13,14]. We used Mosquitto [15] as the MQTT broker, and embedded code that acts as an MQTT
client into the manager web page and the Pipeline Manager, respectively.

The Multiplexer System implemented in this paper limits the number of simultaneous presenters among the
meeting attendees to a maximum of four. This means that the screens of up to four presenters can be displayed
simultaneously on the multiplexer display. Figure 1 shows a case where three presenter screens are displayed
simultaneously in their corresponding locations on the display when the manager arranges them on a
multiplexer from the web page of the manager computer. The four layouts that the manager arrange where
each presenter’s screen image is displayed will be shown in Figure 6 below. All software implemented on the
multiplexer was written in Python, while the WebRTC client code running on the presenter’s web page and
MQTT client code running on the manager’s web page were both written in JavaScript.

3.2 Real-time Streaming of screen images using WebRTC

WebRTC is a web standard communication method that utilizes the websocket and is a communication
technology that can transmit high-quality media through P2P communication [5,6,7]. In this study, a WebRTC
Signaling Server that relays the initial connection between two WebRTC clients is installed on a multiplexer
computer, as shown in Figure 2.

When the WebRTC client embedded in the presenter's web page connects to the WebRTC Signaling Server,
the WebRTC Signaling Server notifies the Pipeline Manager, which then creates an instance of the webrtchin
plugin. Webrtcbin establishes a peer-to-peer connection with the WebRTC client through the mediation of the
WebRTC Signaling Server. Pipeline Manager then builds a GStreamer pipeline that handles the entire process
of displaying the screen images received in real time, starting with the webrtchin plugin.

3.3 Multi-streaming using GStreamer

The GStreamer is a framework for writing media streaming applications [12]. The GStreamer framework
builds and manages a pipeline in which media data is processed by connecting modular plug-ins that perform
various functions such as stream input, encoding/decoding, and media output to a display. We build pipelines
that handle the entire process of receiving screen images and displaying them on the GStreamer framework,
as shown in Figure 3. To facilitate stream management for each presenter, a separate pipeline was built for
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each presenter. Each pipeline consists of six plugins, as shown in Table 1, and uses the H.264 standard for the
video codec.
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Figure 3. Multi-pipelines for multiple presenters

Table 1. Plugins in the pipeline

Plugins Function

webrtchin WebRTC client. Receive screen images in real time from the
presenter's WebRTC client.

RTP depay loader Separate payload(the screen image) from the RTP packet

H,264 parser Distinguish video frames and analyze them according to H.264 format

H.264 decoder Decode the screen image

H.264 converter Format into pixel form to be output on the display

Performance measure  Measure performance factors such as screen latency

Video sink Render the decoded screen image to a window created with PyQT

3.4 H.264 Hardware codec

Most CPUs, including recent Intel CPUs, AMD CPUs, and Mac M3 chips, include built-in hardware
decoders that support high-compression codecs such as H.264, H.265, and AV1. Because hardware decoders
are faster than software decoders, this study uses a hardware decoder in the multiplexer pipeline to decode the
compressed screen images received from the presenter's computer as quickly as possible.

Since AV1 is a cutting-edge compression technology, this study uses the H.264 codec, which is likely to be
the most widely deployed codec today, to enhance the system's versatility. And we decided to compress and
transmit screen images using the H.264 software codec on the presenter's computer. When building a pipeline
on the GStreamer framework, if the current CPU has a hardware decoder, an H.264 Decoder plugin that utilizes
it is installed. If not, a software H.264 decoder is installed as a plugin. In an era where H.265 or AV1 become
mainstream, you can simply replace plugins in the pipeline at any time. This is why we use the GStreamer
framework and pipeline.

3.5 Presentation control using MQTT

In this system, the manager and multiplexer exchange control messages in various situations during a
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presentation. For example, if the presenter connects to the multiplexer or the presenter disconnects for any
reason, the multiplexer's Pipeline Manager notifies the manager by sending the presenter's name. Additionally,
when the manager selects a presenter among the connected presenters or determines the presenter's screen
image location on the display, this information is passed to the multiplexer. This changes the pipeline of the
multiplexer computer. To exchange messages between the manager's web page and Pipeline Manager, we
established MQTT message communication, as shown in Figure 4. The MQTT broker was installed on the
multiplexer using the open-source software Mosquitto, an MQTT client code was created in the manager's web
page, and also a MQTT client code was added to Pipeline Manager. Table 2 shows the MQTT messages and
Table 3 shows the JSON-formatted payload contained in the messages.
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———————— |MQTT messages
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Figure 4. MQTT message communication

Table 2. MQTT Messages for Presentation Control

No Message Topic Payload Publisher Subscriber
1 Req-list “list/req” empty Manager Multiplexer
2 Res-list “list/res” list of presenters’ names  Multiplexer Manager

3 Update-list “list/update” list of presenters’ names Manager Multiplexer
4 Reg-layout “layout/req” empty Manager Multiplexer
5 Res-layout “layout/res” layout information Multiplexer Manager

6 Update-layout “layout/update” layout information Manager Multiplexer

Table 3. Payloads of MQTT Messages

Payload in Message No.2 and No. 3 Payload in Message No.5 and No. 6
[ {

{"name": "Eunbi"}, "layout":2,

{"name": "Arin" } "participants": [
] {"name": "Eunbi"},

{"name": "Arin" }]
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3.5.1 Presenter Connection

When a presenter enters a “name” on a web page and clicks the “connect button”, the WebRTC client code
embedded in the web page connects to the WebRTC Signaling Server. The Pipeline Manager learns of the
connection status from the WebRTC Signaling Server, configures a pipeline for the connected presenter, and
then sends message No. 2 to the MQTT client embedded in the manager’s web page via Mosquitto. This MQTT
client displays the presenter name included in the received message on the web page. If the manager is not
connected, this message is not delivered and disappears.

3.5.2 Presenter List and Layout status

When the manager first connects to the multiplexer or reconnects, it sends message No. 1 to obtain a list of
currently connected presenters. The Pipeline Manager responds with message No. 2 upon receiving this
message. If the manager wishes to obtain information about the current display layout under certain
circumstances, it sends message No. 4, and when the Pipeline Manager receives this message, it responds with
message No. 5.

3.5.2 Screen Layout and Presentation End

In this study, only four types of layouts are supported as shown in the Figure 5. Figure 5(a) shows the layout
for one presenter, Figure 5(b) for two, Figure 5(c) for three, and Figure 5(d) for four simultaneous presentations,
respectively. The manager arranges presentations on the web page into one of the four types according to the
presentation plan, and then selects a presenter for each area.

Presenter2 Presenter1 || Presenter3
Presenter 1 Presenter 1| Presenter2 Presenter 1
Presenter3 Presenter? || Presenter4
(@ Layoutl (b) Layout 2 (c) Layout 3 (d) Layout 4

Figure 5. Four Types of Display Layouts

Then, the layout number and presenters’ names are created in JSON format as shown on the right side of
Table 3 and sent to the Pipeline Manager in message No. 6. The same process is performed when the layout is
changed or a presentation ends. If the layout remains the same but the presenter is changed, message No. 3 is
sent. When the Pipeline Manager receives message No. 3 or No. 6, it controls the pipeline.

3.6 System Execution

Figure 6 shows the real appearance of the two test systems implemented in this study. The specifications
of the two test systems can be found in Table 4. Figure 6(a) shows an HP laptop with Windows 11 used as a
multiplexer and a 50-inch UHD display connected to it. Three presenter screens are displayed on the display.
Figure 6(b) shows a MacBook as a multiplexer and a portable beam projector connected to it. Three presenters
are displayed simultaneously. All computers used as presenters are the same HP laptop model used as the
multiplexer in Figure 6(a).
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Figure 6. Operational Samples of Implemented Systems

4. PERFORMANCE EVALUATION

In this section, we evaluate the performance of the Multiplexer System implemented in this paper.

4.1 Test Systems

We implemented two systems as test systems for performance evaluation, as shown in Table 4, and their
operation cases are already shown in Figure 6. These are all laptops with Wi-Fi capabilities. While system
performance could be improved depending on the performance of the multiplexer computer, the goal of this
study was to propose a system that can be easily used in everyday meetings. Therefore, a system utilizing a
general-purpose laptop as the multiplexer was chosen for performance evaluation. The graphic resolution of
the presenter computers and multiplexers used in the experiment is Full HD (1920x1280). All computers used

as presenters are the same laptop model used as the multiplexer of Test System 1 in the Table 4.

Table 4. Specifications of Test Systems

Test System 1 Test System 2
Multiplexer HP 250 G10 MacBook
CPU Intel Core 17 M3
Memory 32GB 16GB
H/W Codec Quick Sync Video Media Engine
oS Windows 11 Mac OS

4.2 Performance Evaluation and Results
4.2.1 Performance Metrics and Workloads

In this paper, we set the screen latency as the most important performance indicator of the proposed and
implemented system. Screen latency is the total time it takes for the screen image of the presenter's computer
to be displayed on the multiplexer's display. This time is the time it takes for the screen image of the presenter's
computer to be captured and encoded, transmitted to the multiplexer over the network, received by webrtcbin,
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passed through the pipeline of the GStreamer framework, and then output by the Video sink plugin.

The workload used for performance evaluation is shown in Table 5. Since a human presentation would have
been unreasonable and would have extended the experimental time, a method of playing recorded video on the
presenter's computer was used. Since this study targeted typical meetings, the experiment was conducted using
two types of video: static screen video with little change between frames, and dynamic screen video with
significant change between frames.

Table 5. Workloads

Item Type Value

Video Type 1 Static Screen Video Recorded Lecture Video
Video Type 2 Dynamic Screen Video Recorded Lecture Video
Experiment Time Presentation Time 5 minutes

FPS Frames per second Max: 30fps, Ideal: 25fps
Screen Size Full HD Level 1920x1080

For static screen videos, high compression rates are expected, resulting in shorter communication times.
For dynamic screen videos, low compression rates are expected, resulting in longer communication times. Ten
static screen videos were sampled from our university's "Operating System Online Lecture”. The slide template
remains the same, with only changes occurring during the lecture, such as underlining or using the mouse to
write text for explanations. For the dynamic screen videos, ten videos from the "Korean History Online
Lecture” on YouTube were used. In these videos, the slides are image-centric, and each slide has very different
features.

4.2.2 Screen Latencies and Frame Drop Rate

The screen latency is measured as the difference between the time the presenter's computer captures the
screen and the time the Video sink plugin on the multiplexer outputs it to the display. However, there were
two problems with measuring this time. First, the two computers had different clocks. To address this issue,
before the performance evaluation experiment, we ran a program on both computers that output the current
time in milliseconds and recorded the screens of both computers side by side with a single camera. Then, we
looked at the time displayed on the recorded video and calculated the difference in milliseconds by subtracting
the presenter's clock from the multiplexer clock to obtain the difference Tg;¢r between the two clocks.

The second issue is that the GStreamer framework restricts plugins from being inserted after the sink plugin,
making it impossible to insert the Performance measure plugin, which calculates the screen latency, after the
Video sink plugin. Therefore, we inserted the Performance measure plugin directly before the Video sink
plugin.

We measure the time T4+ just before capturing the screen on the presenter's computer, and record Tpgrt
in the Time Stamp field of the frame header when the WebRTC client transmits the screen image. The
Performance measure plugin measures the current time T,,,4 for the arrived frame and compares the current
time T,,4 With the Time Stamp value (Ts:q¢) recorded in the frame header to calculate the screen latency
Tscreenlatency as follows:

Tscreenlatency = leng — Tstart_ Tdiff ta (1)



Design and Implementation of Multiplexer System for Display Sharing of Multiple Presenters on Meeting 11

In Equation (1), a is the time it takes for a decoded frame to be displayed, minus the various overhead times
for timing measurement. In fact, precisely measuring a is not easy, and since the purpose of this experiment
was not to measure precise screen latency, we arbitrarily set o to 10 ms. Therefore, there may be very small
error in our experimental results.

The experiment was conducted with a total of four presenters connected to the multiplexer, creating four
pipelines. We averaged the results across 10 trials for each evaluation. Figure 7 shows the average screen
latency for each case, with the number of simultaneous presenters ranging from 1 to 4, on two test systems. As
expected, the screen latency for static screen videos was significantly shorter than that for dynamic screen
videos. As the number of simultaneous presenters increases, the latency tends to increase. However, in most
presentations, it's rare for three or more presenters to share their screens on a multiplexer display. In practice,
the most common scenarios are single presenters or those viewing content from previous presenters. When
two presenters were presenting simultaneously, the screen latency was measured to be approximately 221ms
to 362ms. Based on our experience using the implemented system, we believe that this latency is not a
significant amount of time that presenters experience discomfort during their presentations.

Screen Latency

B MacBook(Dynamic Screen Videao) MacBook({Static Screen Videa)

HP{Dynamic Screen Video) HF {Static Screen Video)
500
460

436
400 398
347 L2 -8 347
300
200 202
100
0
1 2 3 4

# of Presenters

Screen Latency(ms)

Figure 7. Results of Screen Delays

To understand other aspects related to screen latency, we additionally measured the average packet drop
rate of WebRTC. WebRTC automatically drops packets to reduce load when packets become excessive and
congested to the point where playback becomes problematic. Table 6 shows the packet drop rate observed
during execution on the multiplexer.

Table 6. Frame Drop Rate(%)

# of Presenters 1 2 3 4
Static Screen Video 1.08 1.11 1.43 1.50
Dynamic Screen Video 5.16 522 547 5.96
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Rather than interpreting the absolute meaning of the packet drop rate, we focus on understanding the
phenomenon. As the number of simultaneous presenters increases, the packet drop rate increases because more
packets reach the multiplexer. Furthermore, the packet drop rate for dynamic screen video was found to be
approximately four times higher than that for static screen video. This is interpreted as a result of the lower
compression ratio for dynamic screen video, placing a greater load on the multiplexer. Furthermore, even if 5
or 6 frames out of 100 are lost, there is little impact on viewing.

4.2.3 System Loads on Multiplexer

In addition to screen latency, we measured the load on the multiplexer during a meeting to assess the system's
stability. Table 7 shows the results of measuring five factors: CPU Utilization, GPU Utilization, Memory
Utilization, Overall Network Traffic, and Incoming Network Traffic on the multiplexer.

Table 7. System Load on Multiplexer

# of CPU GPU Memory Overall Network Incoming Network
Presenters Util(%) Util(%) Util(%) Traffic(Mbps) Traffic(Mbps)

1 4.47 7.30 20.05 0.009 0.903

2 6.51 10.04 20.05 0.015 1.661

3 8.12 14.42 23.12 0.023 2.125

4 9.80 18.81 25.97 0.035 2.510

As a result of this experiment, it was determined that the system is stable and unlikely to suddenly slow
down or stop, as the utilization rate of overall resources such as CPU and memory is not high even in a high-
load situation where four people are presenting simultaneously.

4.3 Cost Assessment

If you build a conference system that can easily switch HDMI cables or share the screens of multiple
presenters on a single display. it is predicted that it will cost a lot of money to build a conference room, etc.,
although it is impossible to estimate the cost. However, the multiplexer system proposed in this paper utilizes
a Wi-Fi-enabled desktop computer, such as a laptop, that most people own, as a multiplexer, so there are no
costs involved.

5. CONCLUSION

This paper proposed and implemented a Multiplexer System that allows multiple presenters in a typical
meeting to easily share a single display. The Multiplexer System consists of a single multiplexer computer
directly connected to a large display, with presenters' screens connected in real time to share the display. The
multiplexer computer, the core of the system proposed in this paper, can be any general-purpose desktop with
Wi-Fi functionality. Meeting participants' laptops can also be used as multiplexers, making them cost-effective.
Furthermore, WebRTC with a peer-to-peer protocol, is used for real-time transmission of screen images, and
a hardware decoder built into the multiplexer computer is utilized for fast decoding. We implemented test
systems that allow four presenters to simultaneously share a single multiplexer and output their presentations
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to a display, and evaluated their performance. The performance evaluation results showed that the screen
latency required for the screen images from the presenters' computers to be displayed on the multiplexer's
display was approximately 221 ms to 362ms depending on presentation materials when two presenters were
simultaneously presenting. Since this figure is judged to be at a level where presenters do not feel
uncomfortable, we conclude that the Multiplexer System presented in this paper is a system that conveniently
supports everyday meetings without the use of special hardware or additional costs.
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