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| ABSTRACT 

This study presents a comparative analysis of Open-Source Software networking libraries for the Unity 3D engine in developing 

Virtual Reality applications for higher education. The performance of three OSS libraries—Mirror, FishNet, and Netcode—against 

the commercial Photon Fusion was evaluated. Performance measurements such as user capacity, performance and cross-

platform capability were used as comparison. While Photon Fusion excels in performance compared to other OSS libraries, 

alternatives like FishNet present a cost-effective and customizable option, ideal for educational settings with particular needs or 

constrained budgets. The result of this study assists in selecting suitable networking solutions for VR educational applications, 

promoting their broader adoption in learning environments. 
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1. Introduction 

Virtual Reality (VR) aspects have undergone great advancements in the past few years (Kim & Im, 2022). Aside from the growth in 

the technological development of the head-mounted display (HMD), controllers and other VR-related hardware, VR applications 

have also seen an increase in terms of application and content being released in many aspects of the field (e.g. movies, games, 

teaching and learning, etc.) (Alfarsi et al., 2021). As a result, VR has become much more affordable and accessible to consumers 

and researchers (Xie et al., 2021). Higher education institutions are also attempting to integrate VR into their teaching and learning 

practices (Nooriafshar et al., 2004). The VR teaching method has demonstrated its effectiveness for certain teaching activities due 

to an increase in student engagement and motivation (Nooriafshar et al., 2004). In addition, the engagement between the lecturer 

and students has been identified in multiple articles as an important teaching and learning factor during the learning experience, 

either in physical space or virtually (Birt & Vasilevski, 2021; Savickaite et al., 2022; Drey et al., 2022. 

 

The incorporation of multiuser functionality within Virtual Reality (VR) environments has shown potential to enhance motivation 

and engagement during learning activities (Sykownik et al., 2023). The multiuser enables collaborative experiences in VR which 

creates an engaging learning environment for students. Moreover, the multiuser aspect of VR helps develop social skills through 

simulated interactions and teamwork scenarios (Wienrich et al., 2018). Additionally, multiuser VR applications enable distance 

learning, which can remove the geographical limitation and allow learners from diverse locations to participate collaboratively 

(Meer et al., 2023). Thus, the integration of multiuser features represents a significant addition to learning within VR environments. 

 

Despite the advantages that multiuser VR has to offer, unfortunately most of the VR applications that are targeted for education 

are usually single user applications which seem to prioritize personal experience over social experiences (Stephanidis et al., 2020; 
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Stecula, 2022). For example, a VR application is mostly used solely for observation via the use of 360° pictures and videos with very 

limited interaction. In another case, the student will wear a VR headset and interact with the VR world by himself while the lecturer 

will observe and give guidance to the student via screen share of the VR view in the real world (Stephanidis et al., 2020). Even 

though modern VR headsets nowadays have enough power to run multiuser VR applications close to real time, improper network 

configuration & unoptimized networking code can cause issues like slow data transfer rates which can impair the user's immersion 

and cause delays in system responsiveness (Vlahovic et al., 2022). Furthermore, if the university decides to use a third-party service 

to handle networking for their VR application, they may face data privacy conflicts with the university policy and moreover, they 

may require additional financial resources for continued use of the service. Due to the aforementioned challenges, universities are 

hesitant to engage in VR multiuser application development (Morgan, 2009; Lean et al., 2006; Radianti et al., 2020). 

 

To simplify the development of multiuser VR applications, a free 3D engine like Unity combined with an Open-Source software 

(OSS) networking library can be used. Unity is a popular 3D engine that has a significant market share of 45% in the field of game 

development including the VR category (Foxmann, 2019; Ciekanowska, 2021). The use of OSS is of particular significance for 

teaching and learning in higher education because it allows universities to freely customize the software to meet their objectives 

at a very low-cost factor and without concerns over third-party data privacy conflicts with the University data privacy policies (Vries 

et al., 2005; Bi et al., 2021). 

 

In this paper, we study and compare the performance of commonly used OSS networking libraries with their commercial 

alternatives. Namely, we compare the OSS libraries Mirror, FishNet and Netcode with the broadly used closed source software 

Photon Fusion. We compare each of the mentioned networking libraries in terms of the concurrent user (CCU), FPS (frames per 

second), CPU usage, bandwidth, round trip time (RTT), and cross platform capabilities factors. 

 

2. Literature Review  

The multiuser application boosts user engagement and self-efficacy. Despite the inherent challenges in multiuser development, 

the process can be simplified through the utilization of networking libraries (Stephanidis et al., 2020). Engelbrecht, (2022) for 

example, provides a comprehensive guide to developing multiuser games using Unity and Mirror Networking. He explains about 

the networking fundamentals and the use of Remote Procedure Calls (RPC) and command architecture within Mirror Remote 

Actions. A multiuser VR walking application which enables real-time, collaborative walkthroughs in a virtual building which 

enhances the visualization of a building architecture developed by Du et al., (2016), also employs the use of Photon networking 

and Unity. He et al., (2018) explored significant challenges facing AR and VR network infrastructures. They recommend that these 

networks should focus on enhancing bandwidth, increasing responsiveness, and reducing computational demands to effectively 

support AR/VR service. Additionally, Miller & Mansingh, (2015) find an alternative to the traditional client-server model by 

employing the use of mobile intelligent agents. This approach involves agents migrating to database servers for local query 

execution and processing, which has shown promising results of improved responsiveness and speed over traditional methods. 

None of the mentioned articles provides a comparative analysis of OSS networking libraries in Unity. 

 

3. Methodology  

This research employed a dedicated server architecture, commonly found in multiuser applications. The server operates as a 

headless server which maximizes resource utilization by eliminating the need for a graphical user interface (GUI) and any rendering 

of 3D objects. This allows the server to focus more efficiently on essential tasks such as communication and synchronization. 

 

The efficiency of three prominent OSS networking libraries for Unity which are Mirror, FishNet, and Netcode and a commercial, 

closed-source library Photon Fusion were evaluated and compared in terms of CCU, FPS, CPU usage, bandwidth, RTT, and cross-

platform capabilities. Through this comprehensive analysis, our goal is to offer educators and developers valuable insights that 

can aid them in selecting the most suitable networking solution for their VR educational applications.  

 

3.1 Client-Server Architecture  

The server architecture used in this project is a widely used concept for multiuser applications called a dedicated server 

(Engelbrecht, 2022). A dedicated server for multiuser applications is a specialized server used for hosting multiuser game sessions. 

Unlike peer-to-peer (P2P) networking, where clients can host and participate in multiuser sessions simultaneously, a dedicated 

server is a standalone system responsible for managing and verifying the game's synchronized data and interactions. This 

architecture plays a crucial role in ensuring a stable and fair usage environment, especially in applications with a large number of 

users or, for example, in competitive gaming scenarios. The dedicated server tick rate is set to 30Hz. The tick rate is the number of 

times per second that the server refreshes and processes data. This indicates that it can send packets to clients up to 30 times per 

second, which include updates on the game state such as player’s variables like player position and rotation. As describe in Figure 

1, the architecture of the dedicated server is illustrated in a simplified way. The client, who is a user, sends an action request to the 
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server. The server then assesses the legitimacy of the request and, if confirmed as valid, broadcasts feedback that corresponds to 

the requested client’s action to all connected clients.  

 

 
Figure1: The Dedicated Server Architecture. 

 

Additionally, the multiuser server application is configured as a headless server. A headless server refers to a server that is operated 

without a GUI (Engelbrecht, 2022) and rendering 3D objects. Very often it is operated and managed remotely, via command-line 

interfaces. The absence of GUI in a server reduces the consumption of system resources. Thus, allows more computing power to 

be dedicated to the server’s primary tasks which is the communication and synchronization between the server and clients. 

 

3.2 Hardware  

The dedicated server hardware used for this research is Windows Server 2019 with 8 CPU cores (only 1 core was used in this 

experiment), 16 Gb RAM, and 300 Gb of SSD storage. To assess the performance of the networking code in VR, we decided to use 

the Meta Quest 2 VR headset. The Meta Quest 2 operates on the Android 10 OS and utilizes the Snapdragon XR 2 as its CPU 

(Central Processing Unit), accompanied by a GPU (Graphics Processing Unit) of Adreno 650 and 6GB of RAM. It functions as a 

standalone VR system, meaning that it can operate without the need of a tethered device. All computations and rendering are 

performed on-device. For further analysis, we monitored the performance of a laptop as a client device. This laptop is equipped 

with an 8-core i7 processor, an RTX 2070 GPU, a 500 GB SSD, and 16 GB of RAM.  

 

3.3 Parameters Explanation  

There are several parameters which are important aspects to be considered when comparing the performance of OSS networking 

libraries, which are: CCU, FPS, bandwidth, RTT, server tick rate and cross platform capabilities (Engelbrecht, 2022). 

 

CCU (Concurrent Users): is a widely used concept in multiuser applications. This term represents the count of individuals actively 

using or accessing a service at the same time. Essentially, CCU plays a critical role as a key indicator for any online platform, 

affecting factors such as server specification, operational costs, user experience, and the overall quality of the service. Proper 

handling of CCU is, therefore indispensable for maintaining seamless functionality and enabling the expansion of online services.   

 

FPS (Frame per Second): is a term that refers to the number of individual images, known as frames, that are displayed or rendered 

in one second in a video, game or VR applications. FPS is a key measure of visual fluidity and performance of the applications 

because it affects the smoothness and responsiveness of the gameplay (Kelly & Kumar, 2022). FPS is often used as a benchmark 

to measure a software’s performance on different hardware setups. It indicates how well the application is running and if the 

hardware can handle the software’s graphical demands. However, for the purpose of this project, the client’s FPS has been 

deliberately limited to a maximum of 60. This cap is imposed to ensure uniform performance across various hardware setups and 

to facilitate a more controlled and effective monitoring of system performance. Additionally, without such a limitation, there exists 

a risk of performance spikes. These spikes may occur as the CPU and GPU try to generate a higher FPS, potentially leading to non-

uniform performance metrics. 

 

Bandwidth: Bandwidth in the context of multiuser games refers to the amount of data that can be transmitted over a network 

connection in a given amount of time. The bandwidth is measured in Kilobytes per second (KBps). The measurement in this 

experiment is taken both from the server and clients (Windows and Quest 2). Bandwidth is an important factor in the performance 

and quality of the user experience, especially in online multiuser scenarios (Morgan, 2009). Bandwidth measures the volume of 

data that can be sent from one point to another over a network connection per second.  In multiuser applications, constant data 

exchange occurs between the user’s device and the dedicated server or between peers. This includes user actions, session state 

updates, chat messages, and more. When creating a multiuser application, it is desirable to have a low bandwidth usage, as this 

reduces the amount of data the CPU needs to process. 
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Round Trip Time (RTT): RTT refers to the delay or time it takes for data to travel from one point to another in a network 

(Halbhuber, 2022). Lower RTT indicates a faster connection, which is particularly important in real-time applications like multiuser 

VR applications. 

 

Figure 2 depicts a simplified version of the concept of bandwidth and RTT. When the client requested an action to move to a 

certain position, the client sent a message to the server. The size of that message is what determines the amount of bandwidth it 

uses. In the figure for example the size of the message is 100 bytes. After a certain time has passed, the server will send a response 

(50 bytes) of either approving or disapproving the client’s action. The time that passes between a message being sent by the client 

and it being received and processed by the target device is called RTT. In this case, the client will then be able to move to the 

requested position after 100 ms from the initial request with a total of 150 bytes bandwidth used. 

 

 
 

Figure2: A graph of RTT vs bandwidth. 

 

Cross platform capabilities: refers to the ability to create games and applications that can be deployed and run on multiple 

hardware platforms and operating systems from a single codebase (Patil & Alvares, 2015). For example, the Unity 3D engine is 

offering extensive support for a wide range of platforms like Windows, Linux, macOS, Android and even WebGL (Web Graphics 

Library). However not all the networking libraries are able to directly support all platforms that Unity supports. For example, 

Netcode for GameObjects is not yet able to support WebGL clients. 

 

3.4 Game Engine 

The two widely used 3D engines for developing VR applications are Unity [29] and Unreal Engine [30], which use C# and C++ as 

their programming languages respectively. Both engines are free to download and use in a non-commercial setting. For this 

research, Unity was chosen because it is one of the most popular 3D engines worldwide, with approximately 45% of game 

applications, including VR applications, built on it (Foxmann, 2019). Therefore, choosing Unity allows us to reach a wide audience, 

including many universities. Regardless, the knowledge that is acquired in this paper can be extended to other engines as well. In 

this paper, Unity version 2022.3.5f1 was used. 

 

3.4.1 Mirror Networking  

Mirror was initially released in late 2018 and was designed as a more optimal and efficient successor to Unity's original UNet 

system (Mirror Networking - Mirror, 2020).  Due to its simplicity, effectiveness, and cross-platforms development, Mirror is highly 

regarded in the indie development community. As a result, Mirror not only receives regular official updates but also benefits from 

a wide range of community contributions. In this paper, version 73.0.0 of the Mirror was employed for comparative analysis. 

 

3.4.2 FishNet Networking  

FishNet is a relatively new networking library in the Unity ecosystem that has quickly gained attention for its balance of simplicity 

and performance (Fish-Net: Networking Evolved, 2024). FishNet was released for public use in 2021. Designed with the needs of 

both novice and experienced developers in mind, FishNet provides an easy-to-use interface while still allowing for complex 

multiuser functionalities. FishNet offers a degree of customization which is capable of handling a large number of players 

simultaneously. The FishNet networking version 3.4.2 was utilized as a comparison in this paper. 

 

 

 

3.4.3 Netcode for Game Objects  

Netcode for GameObjects, which was released in 2022, formerly known as MLAPI (multiuser Layer API), is Unity's official solution 

for multiuser game development (Unity Multiplayer Networking, 2023). Netcode for Game Objects provides a robust, integrated 
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networking system developed specifically for Unity game engine which ensures a seamless multiuser development experience. It 

is optimized for the server-authoritative model, which is a common requirement in many modern multiuser games. The library is 

under continuous development by Unity, ensuring it stays updated with the latest features and best practices in network game 

development. This paper uses Netcode version 1.5.2. 

 

3.4.4 Photon Fusion Networking  

Released in 2021, Photon Fusion is a member of the Photon suite, renowned for its robust and scalable multiuser game 

development tools (Photon Fusion, 2023). Fusion is specifically designed for real-time, high-performance multiuser games. Photon 

Fusion is noted for its scalability, handling everything from small indie projects to large-scale multiuser environments. Another 

significant feature of Photon Fusion is its dedicated server support, which is crucial for games requiring stable and continuous 

online environments. Despite the advantages provided by Photon Fusion, it is important to note that this networking library is not 

OSS. In this paper, Photon Fusion will primarily serve as a benchmark for comparing other OSS networking libraries. To establish 

comparison criteria, the study utilizes the Photon Fusion software version 1.1.5 F2 643. 

 

3.5 Multiuser VR Application 

he multiuser VR application MyScore, developed by the Academic and Research Department Engineering Hydrology at the RWTH 

Aachen University, was utilized to assess networking library performance in this study. The choice of MyScore was, primarily due 

to its OSS nature, allowing for customizable modifications as needed. Additionally, MyScore is built on Unity and was designed 

under the concept of teaching and learning, targeting higher education institutions. This aligns with the focus of this research 

paper and made MyScore an ideal candidate for evaluating networking library performance within the context of educational VR 

applications.  

 

In this study, automated agents were utilized as a substitute for real individuals because assembling around 250 real individuals at 

the same time posed significant challenges. NPC is a term widely used in games to describe any character that is not controlled 

by a player (Uludagli & Oguz, 2023) but controlled by the game's system. Notably, an NPC uses the same amount of bandwidth 

and affects the FPS and RTT similarly to a real user, because the same amount of data is sent over the network. This equivalence 

ensures that the networking comparison can be relevant and comparable to scenarios involving real human participants.  

 

The NPC’s behavior was designed to simulate real life teaching activities where usually one person speaks to a group and the other 

just listens (Antonius et al, 2007). Thus, during the test only one NPC is given the task to speak while the rest can only listen. Every 

NPC however is able to move to any position in the virtual environment. Just like a real VR user whose head and hand movements 

are tracked and shown in the virtual environment through VR glasses and controllers, NPCs are also able to move their heads and 

hands. These movements are synced across all users which make teaching simulation in VR more accurate. While the dedicated 

networking server does not process any graphical information, but only purely textual information, the networking communication 

performance of a standalone VR headset and PC-based application will be impacted by complicated graphics that the system 

needs to render (Borromeo, 2024), which includes the virtual environment and NPC’s avatars used in this experiment. Therefore, 

to accurately assess the performance of the networking libraries, the virtual environment and the NPC’s avatars were designed 

with simplicity in mind in order to save as much computing power that was intended for the networking comparison as possible. 

The virtual environment used in this comparison study is a standard plane 3D model and the NPC’s avatars consist of 6 icospheres 

which represent the head, body, 2 hands and 2 legs of a human individual. The virtual environment and the NPC’s avatars only 

consist of 2 triangulated meshes for a plane and 20 triangulated meshes for each icosphere respectively. Figure 3 shows the virtual 

scene and the NPC’s avatars in (A) shaded and (B) wireframe mode that were used during the test. 

 

 

 
Figure 3: The test scene with one NPC. (A) Shaded mode. (B) Wireframe mode. 
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4. Results and Discussion 

During the networking test comparison, the data was recorded once per second. Additionally, every 30 seconds, an average was 

calculated from the recorded data. After every 30 second period, an extra of 1 NPC which represents the number of CCU was 

automatically spawned by the server. Data collection continued until the VR environment contained a total of 250 NPCs, which 

means that the data recording completed within 2 hours and 5 minutes. 

 

Figure 4 provides a detailed analysis of the bandwidth consumption involved in sending and receiving synchronization data by the 

server. Notably, Photon Fusion uses the least amount of bandwidth. On the other end of the spectrum, Netcode demands the 

highest bandwidth, making it the least efficient among the compared networked libraries. Fishnet comes in second place for its 

low bandwidth usage, followed by Mirror. Moreover, an increase in bandwidth usage is observed as the CCU increases. 

 

 
Figure 4: Comparison between the bandwidth used by the server to (A) send and (B) receive the data. 

 

Figure 5 shows how much data is being sent and received by the client. The data sent by a client is relatively constant. Photon 

Fusion still uses the lowest amount of bandwidth followed by Fishnet, Mirror, and Netcode in that order.  On the other hand, 

Photon Fusion proved at keeping the amount of incoming data low, with Fishnet, Mirror, and Netcode using more data in that 

order. The synchronization data received by the client is increasing as more CCU is added. 

 

 
Figure 5: Comparison between the bandwidth used by the server to (A) send and (B) receive the data. 

 

Figure 6 presents the impact of CCU on network RTT across the tested networking libraries. Interestingly, the RTT is quite consistent, 

with delays in data transmission hovering between 45-55 milliseconds, regardless of the number of CCU connected simultaneously.  

The consistency may be caused by the networking libraries’ efficient network update scheduling and processing. Factors such as 

update interval, processing time, network infrastructure, and game complexity play a role, rather than just the number of CCUs. 
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Figure 6: The RTT comparison between the networking libraries. 

 

Figure 7 provides a comparison of CPU usage, in percentage, across different networking libraries on two platforms: Windows and 

Quest 2. The figure indicates that CPU usage increases with the number of concurrent users (CCU). It is also worth noting that 

Quest 2 devices failed after roughly 150 CCU due to being unable to handle the computational costs from that point on.  Also, the 

Quest 2 performance is more fluctuating compared to the Windows client. This can cause issues for users as Quest 2 clients try to 

process more data than the CPU can handle and start to drop data in order to reduce CPU load to keep the application alive. 

 

 
Figure 7: Comparison of CPU load among the networking libraries on Windows and Quest 2 client 

 

The comparison of frames per second (FPS) between each of the networking libraries on Windows and Quest 2 clients is visualized 

in figure 8. The Quest 2's FPS is seen to be gradually dropping in relation to the CPU usage. As a result, the Quest 2's FPS reaches 

near 0 when the CCU reaches about 150. The FPS of windows clients start to drop significantly with more than 90-100 CCU existing 

at the same time.  
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Figure 8: Comparison of FPS between the networking libraries on Windows and Quest 2 

 

Based on the research by Johnson, (2010), Wang & Calvano, (2022) and Kara et al., (2021), classes with more than (>50) students 

or too few (<24) students usually have lower average test scores. These studies recommend limiting classes at 50 students to 

potentially boost motivation and focus, which may lead to improved scores. In order to effectively compare the performance of 

networking libraries in the context of teaching activities in higher education, we have summarized the collected data for 50 

concurrent users (CCU), which mirrors the optimal practical classroom size suggested by these researchers. Table 1 presents results 

of how the networking library performs for 50 CCU and outlines the compatibility of each library across different platforms. 

 

 

Net 

working 

Libraries 

CCU Server (KB/s) Client (KB/s) Lat 

ency 

(ms) 

Windows 

Client 

Quest 2 

Client 

Client Cross 

Platform 

Capabilities 
Send Receive Send Receive CPU FPS CPU FPS 

Mirror 50 5739.7 240.0 3.5 131.9 46 26 60 42 54 W, M, L, i, A, 

WGL 

FishNet 50 2380.7 101.4 1.4 52.5 52 24 61 48 55 W, M, L, i, A, 

WGL 

NetCode 50 17635.8 2997.5 7.8 1352.1 50 27 61 38 53 W, M, L, i, A 

Photon 

Fusion 

50 442.9 20.1 0.3 10.6 46 25 59 40 54 W, M, L, i, A 

Note: W = Windows, M = MacOs, L = Linux, i = iOS, A = Android, WGL = WebGL 

Table 1: Comparison of the networking libraries for 50 CCU 

 

From the table 1, it can be seen that Mirror sends a significant amount of data (5739.7 KB/s) from the server and receive about 

131.9 KB/s for 50 CCU counts, whereas FishNet and Photon Fusion are more conservative in server data sent, with 2380.7 KB/s and 

receive 101.4 KB/s respectively. NetCode, on the other hand, shows the highest data exchange on both ends—17635.8 KB/s sent 

from the server and 2997.5 KB/s. In terms of the data sent and received by the client, Photon Fusion still uses the lowest bandwidth 

followed by FishNet, Mirror and Netcode. The Windows and Quest 2 clients for each of the networking libraries does not differ too 

much in terms of CPU and FPS. The RTT is pretty similar for all the networking libraries and stays between 46-52 ms. In terms of 

cross platform compatibility from the client side, all libraries support Windows, MacOS, Linux, iOS and Android; however, Mirror 

and FishNet extend their support to include WebGL, thus providing a broader range of platform options. Additionally, the 

comparison result of FPS and CPU usage for Windows and Quest 2 is relatively similar for each of the networking libraries.  

 

The comparison shows that Photon Fusion proved to outperform the OSS networking libraries. However, it is not an OSS and only 

free up to 20 CCU. Afterwards, there are costs in relation to the number of CCU. This means that in addition to self-hosting the 

Photon Fusion server, Universities may require to pay an additional amount of money to provide the service.  

 

Arguably by using one of the OSS networking libraries, the cost to run VR multiuser applications can be reduced. Self-hosting the 

dedicated servers can help mitigate third party conflicts with University data privacy policies. According to the networking 

comparison, Fishnet performed better than the other two OSS networking libraries. Mirror comes second and is followed by 

Netcode. Overall Fishnet uses the lowest bandwidth both in server and clients which, in return, allows for more CCU to exchange 

data before the network infrastructure is overloaded. If one decides to use Netcode, the lack of compatibility with WebGL is to be 
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considered. Conversely, Mirror and FishNet do support WebGL clients as well as Windows, MacOS, Linux, iOS and Android 

operating systems.  

 

In conclusion, although Photon Fusion has the best performance, it is not an OSS networking library. Between the three compared 

OSS networking libraries, Fishnet shows a superior performance. Nonetheless, this research acknowledges that there might be 

some potential of the networking libraries results that we may have overlooked due to an extensive functionality of the libraries. 

The main purpose of this analysis is to provide developers or institutions with more information before deciding which networking 

libraries they want to choose. Nonetheless, the experience of those who use the mentioned networking libraries may vary. A reason 

can be that, depending on the developer's proficiency, they may be able to find more efficient and optimized ways to optimize a 

certain networking library. Not forgetting to mention, if one decides to pick a library that they are not familiar with, they may need 

to put some time into learning the libraries as those libraries are built differently. 

 

5. Conclusion 

The field of VR has experienced remarkable growth in recent years, significantly impacting various sectors, including entertainment, 

education, and research (Kim & Im, 2022). In the sector of higher education, institutions are increasingly integrating VR into their 

pedagogical approaches, with notable benefits in student engagement and motivation. However, a gap exists in the development 

and utilization of multiuser VR applications for educational purposes (Alfarsi et al., 2021). Most VR applications for education focus 

on individual experiences rather than collaborative or social ones (Stecula, 2022). Students are mostly restricted to passive 

observation, such as viewing 360° pictures and videos, or having solitary interactions within a VR environment under the 

supervision of a lecturer (Stephanidis et al., 2020; Drey et al., 2022).  Despite the technological capability of modern VR headsets 

to support real-time multiuser applications, challenges such as network configuration issues, unoptimized networking code, RTT 

problems and the potential conflicts with university policies and the financial implications of using third-party networking services 

further discourage universities from developing multiuser VR applications (Vlahovic et al., 2022; Radianti et al., 2020). 

 

Addressing these challenges, this paper proposes the use of Unity game engine, in conjunction with OSS networking libraries for 

developing multiuser VR applications. This approach not only aligns with the educational objectives of higher education institutions 

but also allows for customization and scalability (Foxmann, 2019; Bi et al., 2021). In our study, we analyze and compare the 

effectiveness of different OSS networking libraries (Mirror, FishNet, and Netcode) that are compatible with Unity, in comparison to 

the closed-source Photon Fusion. The main objective of this research is to assess various performance measures such as CCU, FPS, 

CPU usage, bandwidth, RTT, and cross-platform capabilities. This thorough evaluation aims to provide educators and developers 

with valuable insights to assist them in choosing the most appropriate networking solution for their VR educational applications. 

 

In the comparison, Photon Fusion is found to perform better than the other three networking libraries. However, it is worth noting 

that Photon is a commercial solution which may raise concerns about costs and data policies for universities. On the other hand, 

OSS networking library solutions offer a cost-effective alternative with lower bandwidth usage, which could be a critical factor in 

preventing network overloads in data-intensive environments like VR. Mirror and FishNet both offer extensive platform support, 

but if a university leans towards using NetCode, it must account for the absence of WebGL support.  

 

The findings in this paper may have limitations and are meant to help developers and institutions make informed decisions about 

networking libraries. User experience with these libraries, which is not quantifiable in this analysis, along with the developer's 

familiarity and the learning curve associated with each library, should also influence the final decision in choosing the appropriate 

networking libraries for their VR multiuser project.  Moreover, this study assesses only three most popular OSS  libraries in 

comparison to a single commercial option which potentially missing other viable alternatives. Due to every university has different 

networking setting, the focus on the specific metrics in this study, neglects important aspects such as security. Furthermore, the 

use of NPC insteal of a real person in the test environment may not fully capture the real-world situation. For example, factor such 

as varying internet connectivity and hardware among the students was not reflected in the study. 

 

To address these limitations, future research should include a wider range of networking libraries for comparison which may lead 

to a more comprehensive analysis. Additionally, incorporating additional evaluation metrics such as security or anti-cheating can 

highlight the libraries’ effectiveness. Conducting tests across different hardware configurations and involving real users instead of 

NPC will better reflect real-world conditions and challenges. 
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